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ABSTRACT

This study empirically examines knowledge spillover in Visegrad Four (V4) countries, with an emphasis on
global value chains (GVCs). Using patent statistics, the study aims to estimate the knowledge production
function, including domestic and foreign knowledge stocks, and found that international knowledge
spillover does not contribute much to the innovation of the local economy in the V4 countries because of
three factors: i) multinational corporations’ (MNCs) strategy to locate a low-cost production base,
ii) MNCs’ strategy to locate supporting (process, production or non-core product related) research and
development (R&D) activities and iii) limited technology spillover effect from MNCs to local firms. Local
firms in the V4 countries became dependent on the peripheral products and technologies provided by
MNCs, and as a result, local R&D activities in the V4 countries were diverted from patentable innovation.

KEYWORDS

knowledge spillover, innovation, GVCs, V4, Hungary, automotive industry

JEL CLASSIFICATIONS

O32, O33, O52

1. INTRODUCTION

To what extent do global value chains (GVCs) contribute to innovation in the Visegrad Four
(V4) countries, that is, Czechia, Slovakia, Hungary and Poland? Do GVCs facilitate the transfer
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of knowledge to local firms in these countries? This paper seeks to answer these questions.
The V4 countries experienced radical politico-economic reforms after the collapse of the
communist administrations in the late 1980s and early 1990s, and in the transition towards
a free market system, high dependence on foreign capital and export-led growth have
become major strategies for economic development in the region (Nolke – Vilegenthart
2009; Myant – Drahokoupil 2012). In this context, foreign direct investment (FDI) and pro-
duction networks created by multinational corporations (MNCs) have been the key drivers of
economic transformation and development in V4 countries in the last three decades. Therefore,
it is important to explore how GVCs enhance local innovations because GVCs are considered
one of the major channels of knowledge spillover. For instance, Ernest and Kim (2002) asserted
that global production networks facilitate the transfer of technology and enhance the absorp-
tive capacity of local suppliers. As the theory of endogenous growth indicates, knowledge
spillover plays a major role in innovation and technological progress.1 In contrast, the literature
reveals adverse empirical evidence, claiming that integration through such production net-
works is not perfect and that technology transfer from the most advanced economies to less
advanced ones remains limited. For instance, Pavlínek (2018) and Krpec and Hodulák (2019)
introduced the concept of the integrated periphery as a transitional phase for countries that
are willing to develop their economy based on FDI and accession to GVCs, from a peripheral
status towards the core. Instead of the traditional dichotomy of core-periphery status, the
authors identified the semi-peripheral and integrated peripheral positions. In their perspective,
an integrated peripheral economy is integrated into the GVCs in a dependent, subordinate
position where local capabilities and research and development (R&D) spending are even
weaker than in the semi-peripheral countries and where the basis of competitiveness lies in
their (still) low level of labour cost. This also projects that research and innovation-related
activities will be weaker in such countries than in the more advanced core or semi-peripheral
countries.

This study aimed to examine the spillover of international knowledge to the local economy
in the V4 countries through GVC networks to provide further evidence of their impact on local
innovation performance. For this study, both quantitative and qualitative analyses were
employed. Econometric analysis was used to examine knowledge spillovers by estimating knowl-
edge production functions using patent data. A panel cointegration analysis was applied, using
the fully-modified ordinary square (FMOLS) estimator. Furthermore, the automotive industry
in Hungary was used as a case study in order to gain more insight into the local impacts of
GVCs. A range of secondary sources were employed, including statistical data from the OECD,
the European Patent Office (EPO), the World Bank, Eurostat and the Hungarian Central
Statistical Office, and interviews with a multinational subsidiary and three local capital firms
in Hungary conducted between 2019 and 2020.

The structure of the paper is as follows. Section 2 reviews the literature on GVCs and
innovativeness; Section 3 describes the conceptual framework of knowledge spillover and knowl-
edge production function, while Section 4 explains the econometric model and data. Section 5

1Knowledge spillover is a positive externality from prior knowledge. Strictly, there should be a difference between
intentional technology transfer and spillover. However, as most studies in the literature do not consider the distinction,
this paper also considers both intentional and unintentional technology diffusion to be knowledge spillover.
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provides the estimation results and discusses the results, and Section 6 presents the case study of
Hungary, followed by the conclusion.

2. GVCS AND INNOVATIONS

The GVC concept documents the input-output relation of the chain across countries by
analysing successive links of all economic activities from conception to production, distribu-
tion and final consumption, with emphasis on five forms of governance structures: market,
modular, relational, captive and hierarchy (Gereffi 1999; Gereffi et al. 2005; Fernandez-Stark –
Gereffi 2019). More importantly, the theory asserts the industrial upgrading of local industries
by identifying four main upgrading dynamics: process upgrading, product upgrading, func-
tional upgrading and intersectional upgrading (Humphrey – Schmitz 2002). Although the
GVC theory generally views that GVCs allow local firms in developing countries to achieve
industrial upgrading by obtaining higher value-added activities through the chain (OECD
2013; Kaplinsky – Morris 2001), some literature is sceptical about this upgrading process.
These studies assert that low-value processes are easily transferrable from lead firms to local
firms, while high-value processes are likely to remain in lead firms (Bair – Gereffi 2001;
Pavlínek – Ženka 2011; Rugraff 2010; Smith et al. 2014; Tokatli 2013). Hence, based on these
processes (or functions) of GVCs, countries might be categorized into core or peripheral
countries (as well as into semi-peripheral or integrated peripheral countries; Pavlinek 2018;
Krpec – Hodulak 2019).

Regarding technology transfer, the literature on GVCs further examines the innovation
systems and technological capabilities of local firms (see Pietrobelli – Rabellotti 2011; Lema
et al. 2019; Staritz – Whitfield 2019). More remarkably, Durant and Milberg (2019) paid special
attention to the intangible assets in GVCs. In their opinion, intangible assets protected by
intellectual property (IP) rights regulations such as copyright on artistic and scientific works,
industrial property and patents on new inventions are increasingly being monopolized with the
expansion of GVCs in the last few decades. Consequently, firms in developed countries are
enjoying the benefits of rising IP income as well as controlling higher-value economic activities
and the creation of competition in lower-value activities in the smile curve. Similarly, Rikap
(2021) asserts that intangible assets including patents are characterized by an increasing con-
centration. The Top 100 innovators are dominated by a small circle of multinationals whose
patent portfolios are becoming increasingly determinant compared to other market players. This
trend is further advanced by the evolution of the digital economy where success is based on the
monetization of knowledge and data, creating an asymmetric market. An increasing number of
industries, such as the information and communications technology sector and the health or
automotive industries, have experienced an increase in the concentration of intangible assets
within the past two decades.

Some studies have further investigated intangible capital and economic upgrading. For
instance, Jona-Lasinio et al. (2016) claimed that participation in GVCs in the case of advanced
European countries is positively related to intangible capital and R&D (especially in
manufacturing), which also brings higher value-added activities. In Hungary, Éltető et al.
(2015) found a strong correlation between firm size and intangible investments, indicating
that large multinational subsidiaries are more likely to make investments than smaller local
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suppliers. According to Alsawami et al. (2020), intangible assets may help in the understanding
of productivity growth and productivity gaps between frontier firms and laggards because
of the different pace at which intangible assets are accumulated. Similarly, Kergroach (2019)
noted that the emergence of GVCs presented an opportunity for many emerging economies
to join international production networks, facilitating structural transformations and innova-
tion activities. However, middle-income countries seem to have been struggling with improve-
ments in such economic performance in recent years. In Kergroach’s opinion, this might
be because of the power relations and asymmetry in those GVCs. Among the V4 countries,
there is no doubt that the massive inflow of FDI and the emergence of production networks
have contributed to the market transition and economic upgrading occurring in the
region since the mid-1990s. However, some studies explored the role of local firms in GVCs
and their impact on the economic potential of the V4 countries and indicated mixed results.
These studies claimed that local suppliers in the V4 countries might not be as innovative
(particularly in terms of product innovations) as local firms in Western Europe (Szalavetz
2017; Cieslik et al. 2021). Lee and Gereffi (2021) explained that innovation and upgrading
are not merely a result of learning and knowledge transfer with a vertical chain of actors but
also due to a broader base of capabilities and newer ways of combining various elements of
innovation. In short, countries and companies with better capabilities and more resources
are in a better position to benefit from knowledge transfer than emerging economies or
newcomer firms.

3. CONCEPTUAL FRAMEWORK: KNOWLEDGE SPILLOVER AND
KNOWLEDGE PRODUCTION FUNCTION

Knowledge spillover is considered one of the key factors in innovation. For instance,
endogenous growth theories view knowledge spillover as an essential mechanism for sustained
technological change and economic growth (Romer 1990; Grossman – Helpman 1991; Eaton –
Kortum 1999). Knowledge spillover is defined as the external effect of an existing pile of
knowledge; knowledge created in the past can be utilized for future research or research in
other sectors/countries. Thus, the stock of knowledge can be considered an input for
innovations.

The role of knowledge spillover in innovation can be illustrated in a knowledge production
function. The concept of knowledge production function was elaborated by Griliches (1979,
1990a, 1990b) and adopted in endogenous growth models (Romer 1990, see Appendix 1). This
function is analogous to the innovation and R&D functions and shows that innovation is a
function of resources devoted to R&D and the stocks of cumulative knowledge created in the
past. A simple knowledge production function is written as:

_A ¼ ϑRA (1)

where R is the resources devoted to R&D (e.g. research expenditure and researchers), _A is the
flow of research output (innovations and new knowledge embodied in innovations), and A is the
stock of cumulative knowledge created through past R&D. The impact of the stock of knowledge
(A) on the current innovation ( _A) represents the knowledge spillover. Jones (1995) modified the
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knowledge production function into a non-linear function. By removing the assumption of
linearity, he described the knowledge production function as:

_A ¼ ϑRβAγ (2)

where β and γ are the elasticities of research inputs (R and A) to innovation, and the elasticity of
the stock of knowledge (γ) represents the magnitude of knowledge spillover. Given the theo-
retical framework, several empirical studies have investigated knowledge spillover. Coe and
Helpman (1995) is one of the pioneering studies, and they investigated international knowledge
spillover. By including domestic and foreign stock of knowledge, Coe and Helpman (1995)
estimated the elasticity of foreign knowledge on domestic innovations.

Griliches (1990b) argued that a fraction of research output can be patented. In his opinion,
the number of patents can be a proxy measure of research output (innovations). By replacing
_A and A with the number of patents (PT) and stock of patents (PTS), Griliches rewrote the
knowledge production function as:

PT ¼ ϑRβðPTSÞγ (3)

Empirical studies are increasingly employing patent statistics as a measure of research output.
Since the late 1990s, an increasing number of studies have utilized patent statistics as the
indicator of knowledge input/output. Verspagen’s study was one of the early ones to employ
patent statistics by estimating the impact of patents (as the proxy of knowledge) on total factor
productivity (Verspagen 1997). Similarly, Branstetter and Sakaibara (1998) used patents to
measure the stock of knowledge. Moreover, many recent studies have also utilized patent
statistics (Benz et al. 2015; Isaksson et al. 2016; Piermartini – Rubínová 2014; Tajoli –
Felice 2018).

3.1. GVCs as a spillover channel

Many empirical studies have examined international knowledge spillover by including domestic
and foreign knowledge stocks. International trade and FDI were considered channels of knowl-
edge spillover in many of these studies (Keller 1998; Sakurai et al. 1997; Verspagen 1997;
Branstetter 2006). By introducing a spillover channel, the production function can be shown as:

PT ¼ ϑRβðPTSÞγ1�S � PTSf
�γ2

(4)

Similar to that of Coe and Helpman (1995), this production function has two knowledge stock
variables: domestic and foreign. PTS and PTSf are the domestic and foreign knowledge stocks,
respectively, and the spillover channel, S, is weighted on foreign knowledge stock.

Regarding the knowledge transfer channel, it is important to note that GVCs play an
important role in facilitating technology transfer through interactions between buyers and
suppliers. Recent studies (Tajoli – Felice 2018; Isaksson et al. 2016) have started paying attention
to GVCs as a potential knowledge spillover channel, in addition to already recognized channels
such as international trade and investment.

The mechanism through which GVCs facilitate knowledge spillover is yet to be examined.
However, some studies have emphasized two main factors: i) the transfer of tacit knowledge
through personal interaction; and ii) mutual dependence to encourage the sharing of know-how.
For example, Piermartini and Rubiınova (2021: 893) point out that “face-to-face communication
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with key foreign personnel facilitates the transfer of non-codified knowledge and increases
domestic innovative capacity” and “foreign outsourcing firms are more willing to transfer the
know-how and technology required for an efficient production of the outsourced input because
they will eventually be the consumer of that input.” Therefore, the hypothesis to be tested in this
study is whether GVCs are also a knowledge spillover channel.

In recent years, various international organizations have been developing quantitative
measurements of GVC participation. These measurements include the World Input-Output
Database (WIOD), the UNCTAD-Eora GVC database, the OECD TiVA database, and the Asian
Multi-Region Input-Output Database developed by the Asian Development Bank (Casella et al.
2019). These databases calculate the GVC indicators from inter-country input-output (I-O)
tables and attempt to measure GVCs by looking at the value-added embodied in international
trade. For example, the UNCTAD-Eora GVC database includes foreign value-added (foreign
value embedded in a country’s exports), domestic value-added embedded in a country’s exports
and domestic value-added embedded in other countries’ exports.

Studies on GVC knowledge spillover utilize the I-O based GVC indicators (which are similar
to the databases mentioned above) as the weight on knowledge variables. Tajoli and Felice
(2018) used the value of all intermediate goods imported by all intermediate goods-producing
sectors. Similarly, Piermartini and Rubínová (2014) calculated GVC weights by imported
intermediates. These studies took a similar approach to that of Coe and Helpman (1995),
weighting foreign knowledge (either cumulative R&D expenditure or patents) by the GVC
participation indicator. Most of the studies found that GVCs have a positive impact on knowl-
edge spillover. However, these studies also point out that the impact of knowledge spillover
depends on some conditions. For instance, Tajoli and Felice (2018) found that GVCs facilitate
knowledge spillover if firms in developing countries have partners in developed economies.
Isaksson et al. (2016) stated that the duration of the buyer-supplier relationship influences
the knowledge spillover, and Benz et al. (2015) found that GVCs can enhance inter-industry
knowledge spillover rather than intra-industry spillover.

4. THE ECONOMETRIC MODEL

This study aimed to examine knowledge spillover by estimating the knowledge production
function, which is similar to those in the previous studies discussed above. The knowledge
production function with the spillover channel is:

PT ¼ ϑRβðPTSÞγ1�S � PTSf
�γ2

(5)

We considered the aggregate number of granted patents in the V4 as a whole. The model
included three foreign knowledge stock variables (i.e. PTSf): knowledge stock created in the EU
(PTSE), North America (PTSNA) and Asia (PTSAS). The econometric analysis was conducted
using a panel data based on eight technological fields between 2006 and 2017. The econometric
specification of the knowledge production function is as follows:

PTit ¼ αi þ β1Rit þ γ1PTSit þ γ2S*PTSEit þ γ3S � PTSNAit þ γ4S*PTSASit þ «it (6)

All variables are in their natural logarithm form. Therefore, the estimated coefficients
represent the elasticity of each variable. PT is the number of patents granted each year in
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technology field i and year t. R is the expenditure on R&D as the proxy for the resources devoted
to knowledge production. PTS is the cumulative stock of patents invented by the V4 countries.
As described above, PTSE, PTSNA and PTSAS are the stocks of patents invented by the EU
countries, North America and Asia, respectively. The error term is «it. Assuming that ϑ ¼ eα,
α is the intercept of the estimated equation. As already mentioned, the panel data is sectoral-
based; thus, the estimated production function is for sector or industry in the V4 as a whole.

As mentioned above, recent studies have incorporated the impact of GVCs by weighing
knowledge stocks. Similar to studies such as that by Tajoli and Felice (2018), this study also
weighed knowledge stock by GVC contribution. By including the GVC contribution indicator,
our estimating model can be presented as:

PTit ¼ αi þ β1Rit þ γ1PTSit þ βγ2GVCEit*PTSEit þ γ3GVCNAit � PTSNAit

þ γ4GVCASit*PTSASitþ«it (7)

where GVCE, GVCNA and GVCAS are the indicators of GVC contribution by the EU, North
America and Asia, respectively. Regional GVC contributions are based on exporting countries in
the UNCTAD-Eora database. GVC contribution is calculated as described by Cassela et al.
(2019). Using the dataset containing the sectoral value-added contribution, the domestic value
added embodied in exports (DVX) and foreign value added (FVA) were obtained. As Cassela
et al. (2019) described, the DVX is the indicator of forward GVC contribution, while the FVA is
the indicator of backward GVC contribution (see Appendix 6). The sum of the DVX and FVA is
considered an indicator of general GVC contribution; the weight of the GVC contribution on
the patent stock is calculated as the percentage of total foreign and domestic value added (DVA).

The model above was estimated using a random-effects model (cross-section effect).2 We
also estimated our model using FMOLS. FMOLS is advantageous as it addresses serial correla-
tion and endogeneity in regressors. Since the knowledge production function may have potential
endogeneity, FMOLS was a more appropriate estimator.

5. DATA

The patent data used in this study were obtained from the EPO. The data included those
obtained between 2006 and 2017. This study utilized the number of patents granted in eight
technological fields: communication, computer, optics, measurements, food chemistry, chemi-
cal, machinery and transport. The dependent variable (PT) is the number of patents granted in
each technological field each year, while the stock variables (PTSV4, PTSE, PTSNA and PTSAS)
were calculated by adding the number of patents each year, assuming that stock depreciation
occurred at a constant rate.3 To account for the time lag in knowledge spillover, a 2-year lag in
stock variables was included in this study. R&D expenditures were obtained from the OECD
Science and Technology Database. Business Enterprise R&D Expenditure (BERD) at 3 digit

2The Hausman test failed to reject the null hypothesis that the random effect is preferred.
3The depreciation rate was assumed to be 5% per annum. The stock level in the initial year was calculated following Coe
and Helpman (1995), which is shown in Appendix 2.
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(ISIC) industry level is classified into the eight technological fields mentioned above.4 As
mentioned earlier, the GVC contribution indicator was obtained from the UNCTAD-Eora
GVC database.

Unit root tests and cointegration tests of the variables are presented in Appendices 4 and 5.
Unit root tests on the variables above were non-stationary at the level; however, they became
stationary when the first difference was taken. Confirming that the series were I(1), Kao and
Pedroni cointegration tests were conducted. The cointegration tests rejected the null hypothesis
of no cointegration, suggesting that there is a long-run cointegrating relationship among the
variables.

6. ESTIMATION RESULTS AND DISCUSSIONS

Table 1 shows the estimation results. OLS estimation indicated that the knowledge stock within
the V4 countries has a positive impact (0.431) and is significant. By contrast, for foreign
knowledge stocks, coefficients were negative or insignificant. FOMLS estimation also showed
a consistent result: the V4 knowledge stock had a clear positive impact, with a coefficient of
0.504. The coefficient for PTSE was insignificant, with a negative sign. PTSNA had a negative
and insignificant coefficient, and only the PTAS had a positive coefficient (only weakly signif-
icant in FMOLS). These estimations do not provide strong evidence of international knowledge
spillover.

Table 1. Results of OLS and FMOLS estimations

Dependent variable: Log (PTV4)

OLS (Random effect) FMOLS

Coefficient t-stats P-value Coefficient t-stats P-value

Constant �1.729 �1.559 0.123

R 0.278 2.583 0.012 0.279 3.273 0.002

PTS 0.431 3.559 0.001 0.504 4.281 0.000

GVCEpPTSE �0.080 �0.295 0.769 �0.142 �0.817 0.417

GVCNApPTSNA �0.089 �0.192 0.848 �0.267 �1.084 0.282

GVCASpPTSAS 0.381 1.545 0.126 0.263 1.825 0.072

Adj. R-squared 0.518 0.742

F-statistics 20.159

n 90 90

Source: authors.

4The concordance between ISIC and EPO technology fields is presented in Appendix 3.
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Our estimation results indicate that innovation in the V4 countries mostly depends on their
own knowledge. It seems that international knowledge spillover does not have a positive impact
on V4 innovations. The findings are consistent with those of some existing studies on the V4.
Stejskal and Hajek (2015) revealed that knowledge spillover is negative for some firms in
Czechia due to low absorptive capacity. Prokop et al. (2021) also explained that firms in Central
and Eastern European (CEE) countries rely on internal R&D but not on external resources.

Our estimation result seems to support the sceptic view on GVCs’ impact. As discussed
above, GVCs do not guarantee technology transfer due to the asymmetric power relationship
between a GVC and monopolization of IP by the leading firms. Therefore, we can summarize
the possible explanations for our econometric findings as follows. First, many MNCs utilize the
V4 countries as a low-cost production base, which enables them to specialize in high-value
upstream (R&D) and downstream (marketing) activities in the GVCs (see Grodzicki – Geodecki
2016; Natsuda et al. 2020). Consequently, R&D functions in the V4 countries are limited in
comparison with their GVC countries. This proposition is consistent with the literature on
GVCs (Bair – Gereffi 2001; Pavlínek – Ženka 2011; Rugraff 2010). That is, only low-value
activities are transferred to the V4 countries, while high-value activities remain with the MNCs.
The results seem to agree with the characterization of the integrated periphery as having a strong
dependence on foreign investment, low R&D spending, low capabilities and very few significant
domestic suppliers (Mordue – Sweeney 2020).

Second, firms in the V4 countries focus more on supporting (process, production or non-
core product-related) R&D, and they do not innovate patentable technology. Instead, patentable
research is likely to be conducted elsewhere (typically in a country where a company’s head-
quarters or regional headquarters are located). Therefore, participation in GVCs does not
facilitate knowledge spillover that contributes to patentable innovations. As Tajoli and Felice
(2018) pointed out, participation in GVCs may actually exert a negative impact on innovation
because it results in the reallocation of R&D activities. Two features should be stressed in the V4
countries. First, local firms may have eroded their innovative capacity as R&D has shifted away
from core technology. The Czech automotive industry, which was self-sufficient during the state
of socialism, is a typical example. After Skoda Auto was taken over by Volkswagen in the 1990s,
the core technology of Skoda became dependent on Volkswagen. Consequently, Czechia has lost
access to core technology. Although R&D has been growing in the Czech automotive industry in
recent years, the development of advanced technology is limited to non-core technologies such
as electronic systems and sensors. Indeed, core technologies such as engines or gearboxes are
being developed outside the country (Natsuda et al. 2022b). In short, the Czech automotive
industry conducts R&D on peripheral (non-core) technology. In addition, a dichotomy between
MNCs and local firms can also be identified in the share of R&D. R&D activities in the Czech
automotive industry have been dominated by foreign firms, with 87% of R&D workers
employed by foreign MNCs (Pavlinek 2012). Many local firms are more engaged in doing-
using-interacting (DUI) innovation with the new technologies rather than in formal R&D-based
innovation. Consequently, international competitiveness and export opportunities are very
limited for local firms. Second, MNCs only typically conduct process and production-related
R&D operations in the V4 countries. Sass and Szalavetz (2014) revealed that R&D in many firms
in Hungary tends to focus on local production-related technologies with low complexity. Simi-
larly, Pavlinek (2012) claimed that R&D activities in the V4 do not relate to core technology and
that most R&D activities are based on production support.
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Third, there is little technology spillover to local firms because technology transfer is
confined to MNCs within GVCs. Some studies claim that firms in the V4 countries do not
receive sufficient knowledge from MNCs due to their strict knowledge control (Konings 2003;
Djankov – Majcen 2000). Once again, our estimation result supports the sceptic view of the
studies discussed in the previous section. As Durant and Milberg (2019) and Rikap (2021)
asserted, intangible assets are highly concentrated and monopolized by large MNCs, and as a
result, core technological knowledge is also confined to MNCs. In this context, many studies on
GVCs in the literature assert that knowledge-intensive activities are not transferable and rather
remain in MNCs.

7. HUNGARY AS A CASE STUDY

7.1. Hungarian research and innovation performance

According to the European Innovation Scoreboard (2022), among the V4 countries, Czechia
ranked 17th out of 27 EU member states (moderate innovator), followed by Hungary (22nd),
Slovakia (23rd) and Poland (24th) – emerging innovators. Although Hungary invested 1.6% of
its GDP in R&D in 2020, it lags behind in terms of the number of innovative businesses. In
terms of patent applications, Hungary is around the middle of the ranking of EU member states
(16th of 27 in PCT patent applications), but in other categories of intangible assets (e.g. trade-
marks and designs), the country is far behind advanced EU economies; other V4 countries are
performing better in these fields.

Patenting activities show a two-faced situation in the V4 countries. Judging only by the
number of patent owners, all V4 countries’ performance lags behind that of many advanced
European countries (such as Germany and Switzerland) or older EU member states such as
Portugal and Greece. However, if we study the patent inventor information closely, we would
find that the number of patent inventors (from the V4 countries) is much larger than that of
patent owners. This implies that multinational subsidiaries in the V4 countries tend to patent
their internal and external R&D results in their home countries (headquarters) rather than
within the V4 countries, and V4 countries’ stakeholders are still showing weak intellectual
capabilities (Inzelt 2014). This is especially true in the fields of digital communications (from
Swisscom through Siemens to Ericsson or Nokia) and pharmaceuticals (Sanofi, Novartis or the
Hungarian-owned Richter) where it is quite common to find patents co-invented in Hungary
but patented elsewhere (e.g. in the headquarter of a multinational firm). German and other
Western European firms are the typical owners of these patents, but many US (e.g. GE and
Visteon) and Japanese firms (e.g. Ibiden and NTT) are patent owners, too (EPO 2022). In such
circumstances, the V4 countries generally play a supportive role in the R&D activities of MNCs.
Moreover, these multinational subsidiaries in the CEE countries only provide the knowledge and
information necessary for their suppliers to secure their procurement. Under such a buyer-
supplier relationship, many local suppliers are not involved in formal R&D or patenting activ-
ities. In a nutshell, local firms in CEE merely rely on the DUI type of innovation activities or on
process innovations that may not bring patentable results.5

5For a discussion on STI and DUI innovation modes, see Parilli et al. (2016).
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Hungary steadily increased its R&D expenditures during the 2010s and reached 1.6% of GDP
in 2020. Half of this expenditure comes from the business sector, but the share of direct and
indirect government support for business R&D is among the highest among EU member states.6

In contrast, public R&D expenditures are stagnating and lagging behind the expenditures of other
EU or even V4 countries. In 2020, around one-third of all R&D expenditures were financed by the
government, of which more than 37% was provided by businesses, 34% by higher education, and
27% by public research organizations (Hungarian Central Statistical Office 2022; EIS 2022). It is
noteworthy that approximately 60% of R&D expenditures in the business sector come from
foreign-owned companies (multinational subsidiaries) which are engaged in export activities in
Hungary. Meanwhile, the innovativeness of SMEs is lagging behind that of the EU as well as the
V4 averages (Hungarian Central Statistical Office 2022, Eurostat 2022). Moreover, although hu-
man resources in science and technology show moderate improvement during the past decade
(especially in the business sector), the proportion of people with tertiary education in Hungary
remains low compared with other V4 countries (Hungarian Central Statistical Office 2022).

The incremental improvements in the Hungarian innovation system were not insufficient to
significantly improve the country’s innovation performance. According to the EIS database, Hungary
is not meeting up to the EU average and is even moving down in the country rankings. Among the
different dimensions of the innovation indicator, Hungary shows a relatively good position in the
sales impacts of innovation category, which might be the result of MNCs’ high level of high-tech and
medium-high-tech export productions. Hungary has also progressed in the fields of digitalization,
innovation linkages and substantial public support for business R&D, while a gap between the EU
average and Hungary is highest in the number of innovators and the field of human resources.

7.2. The automotive industry in Hungary

To better understand our quantitative GVC model, we used the Hungarian automotive industry as
a case study; this industry has been built on the automotive GVCs over the past three decades.
Hungary has made immense efforts to attract FDI/MNCs into the country since its transition.
Nonetheless, the results of this policy remain odd, because the settled multinational subsidiaries
modernized only some parts of the economy, and rather created a dual economic structure (see
Boda 2017; Lengyel – Leydesdorff 2015). In 2018, the automotive industry accounted for 27.9% of
manufacturing output and 4.9% of GDP in Hungary; it also employed 172,500 workers (3.8% of
the total employment). In addition, over 90% of the industry’s output was exported (HIPA 2019).
In 2023, four multinational assemblers—Suzuki, Stellantis (former Opel), Audi and Mercedes—are
engaged in car or engine production in the country. In addition, BMW announced their intention
to establish a factory in Debrecen in the coming years. One of the most important aspects of
multinational assemblers’ relocation is the induction of their supplier’s FDI into the host country
because multinational Tier-1 suppliers (typically mega suppliers) follow their assemblers to supply
their products (Natsuda – Thoburn 2021: Chapter 2). Indeed, over 40 out of the top 100 global
automotive parts suppliers operate in Hungary. In addition, there are approximately 700 auto-
motive parts suppliers (HIPA 2019).

6According to the EIS database, Hungary ranks 3rd among the EU member states in the indicator of direct and indirect
government support for business R&D, just behind France and Austria. Czechia ranked 10th, Poland 12th and Slovakia
20th in this ranking in 2021.
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Two types of automotive firms can be identified in Hungary: i) multinational subsidiaries
and a few large local capital firms and ii) small local capital firms. The former is typically
engaged in export and higher value-added economic activities (including limited R&D activities,
too) and also acts as a buyer to procure parts from local as well as foreign suppliers. It is
important to note that the local content in these automotive GVCs is rather limited.
Gáspár et al. (2020) revealed that backward linkages in the local industry are limited in the
Hungarian automotive industry. The main reasons for low local content can be explained by the
low technical and human resource capabilities of local suppliers to meet the requirements of
MNCs and international competition.

The second type of automotive firm is typically smaller firms with limited human resources
(with engineers but no researchers) that cannot afford to conduct their own R&D activities or
engage in R&D collaborations with other firms or research institutions. Local firms receive
detailed instructions on the production of the parts from buyers and merely produce the
products (parts) accordingly. In many cases, they can constantly improve their production
system due to an expectation (or pressure) from MNCs’ supply chain networks. Local firms
regularly renew their technology, for which they command the basic absorptive capacity and
employ engineers who are capable of accomplishing such tasks. Apart from a few exceptions,
local firms typically do not have a high level of capability and only rely on their existing
capabilities (without external knowledge).7 It is obvious that local firms that employ researchers
and conduct R&D activities become more competitive. Nonetheless, it might be difficult for
them to achieve this because it is uncertain that such industrial upgrading always leads to
economic upgrading. In fact, even downgrading can be a favourable strategy for local suppliers
to secure their profit (Bla�zek 2016). During our interview with a local capital automotive-related
firm, we found that although original designed parts provide a higher profit margin per product,
such high-value products are relatively limited in terms of total production because volume
orders with lower margins secure more profit in the total business operation. Consequently, this
firm does not tend to pursue industrial upgrading energetically but rather enjoys economic
upgrading.8 In this context, local firms (particularly SMEs) in Hungary seem to face difficulty
in conducting innovative activities.

Regarding innovative activities in the sector, four features should be stressed. First, many
MNCs view Hungary as a low-cost production base and thus do not conduct R&D operations in
Hungary. For instance, one of the Japanese automotive-related firms operating in Hungary
conducts its R&D in Japan, Asia, USA and Germany. In Europe, product and design develop-
ment is conducted at the head office in Germany. The Hungarian subsidiary merely plays the
role of a mass production base.9

Second, many multinational subsidiaries conduct R&D in Hungary, but they only target
production- and process-oriented R&D (see Natsuda et al. 2022a). In short, MNCs are mainly
involved in supporting R&D activities in Hungary. Magyar Suzuki and Audi Hungaria fall into

7In such a circumstance, researchers can help local firms to further develop the product (product innovations).
8Interview with a director at a local capital automotive-related firm (with 2000 employees) in Hungary on 19 December
2019.
9Interview with a senior manager at a Japanese capital automotive-related firm (with 1,590 employees) in Hungary on
17 January 2020.
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this category. These R&D activities represent applied tasks strongly related to the production
activities of the subsidiaries, and they are far from being strategically important for the MNC’s
global operations. Indeed, such R&D activities are established, in many cases, due to some
available government support. Consequently, their main target is either some improvements
in the production technologies or cost reductions, but they rarely result in patentable inventions.
It is also important to note that Continental and Bosch – global Tier-1 suppliers – conduct more
significant R&D activities in Hungary.

Third, local SMEs can access a certain technology through production networks, which
enable them to conduct process and product development. However, key technologies tend to
be owned by lead firms. During an interview, we found that one of the local capital automotive
component suppliers conducts product development of mould products.10 When this firm de-
velops products, these products are assessed and approved by the customer (assembler) who
then pays the die arrangement and ownership fees to the local firm. In short, dies in this firm are
owned by the assembler. In this way, technology transfer is confined within the assembler’s
production network.

Fourth, patenting activities in local firms that develop new products and designs rely on
individual business decisions because the firm’s size and their ability to enforce their interest
(and influence) on the market are extremely limited, specifically against MNCs. In many cases,
these firms prefer to rely on trade secrets or try to embed their specific knowledge in their product.
In this way, they can ensure that their knowledge is not stolen by their competitors. As a result,
despite their R&D efforts, much fewer patents are applied by these companies. In short, innovative
patentable technology is not developed in such firms. In our interviews, a local capital automotive
firm with an R&D division11 and a small R&D-intensive specialized SME12 fell into this category.

8. CONCLUSIONS

This paper has empirically examined knowledge spillover in the V4 countries, focusing on the
role of GVCs. Our estimation results indicate that international knowledge spillover contributes
very little to the innovation of the local economy in the V4 countries. Contrary to the conven-
tional expectation, GVCs do not significantly facilitate knowledge spillover. This finding may be
attributed to three factors: i) MNCs’ strategy to locate a low-cost production base, ii) MNCs’
strategy to locate supporting (process, production or non-core product related) R&D activities,
and iii) limited technology spillover from MNCs to local firms in the V4 countries. The case
study of the Hungarian automotive industry portrays these issues, too. First, automotive MNCs
view Hungary as a low-cost production base; hence, many firms do not conduct R&D in the
country. Second, even though R&D is conducted by MNCs, it is typically directed toward
supporting R&D. Third, MNCs tend to keep their knowledge strictly within their production
networks. Thus, knowledge does not effectively diffuse into the local firms. Indeed, many local

10Interview with the managing director of a local capital automotive-related firm (with 140 employees) in Hungary on 29
January 2020.

11Interview with a director at a local capital automotive-related firm (with 2000 employees) in Hungary on 19 December
2019.

12Interview with the CEO of a local capital R&D firm (with 17 employees) in Hungary on 17 January 2019.

Society and Economy 45 (2023) 3, 293–312 305

Brought to you by Corvinus University of Budapest | Unauthenticated | Downloaded 09/26/23 09:21 AM UTC



SMEs cannot conduct R&D due to insufficient technological and human resource capabilities.
For these reasons, Hungary (as well as the other V4 countries) falls into a typical integrated
peripheral state. Overall, local firms in the V4 countries have not been encouraged to conduct
R&D on core technologies, and they have become dependent on peripheral products and
technologies provided by MNCs. As a result, local R&D activities in the V4 countries have been
diverted from patentable innovation.

ACKNOWLEDGEMENTS

We would like to thank the Japan Society for the Promotion of Science (KAKENHI Grant No.
17KK0059, No. 21K01475) for research financing and the Centre of Excellence for Future Value
Chains at Budapest Business School.

REFERENCES

Alsamawi, A. – Cadestin, C. – Jaax, A. – Guilhoto, J. – Miroudot, S. – Zürcher, C. (2020): Returns to
Intangible Capital in Global Value Chains: New Evidence on Trends and Policy Determinants. OECD
Trade Policy Papers 240.

Bair, J. – Gereffi, G. (2001): Local Clusters in Global Chains: The Causes and Consequences of Export
Dynamism in Torreon’s Blue Jeans Industry. World Development 29(11): 1885–1903.

Benz, S. – Larch, M. – Zimmer, M. (2015): Trade in Ideas: Outsourcing and Knowledge Spillovers. Inter-
national Economics and Economic Policy 12(2): 221–237.

Bla�zek, J. (2016): Towards a Typology of Repositioning Strategies of GVC/GPN Suppliers: The Case of
Functional Upgrading and Downgrading. Journal of Economic Geography 16(4): 849–869.

Boda, G. (2017): To what Extent is Hungary a Knowledge-Based Economy? Theory Methodology Practice:
Club of Economics in Miskolc 13(1): 69–84.

Branstetter, L. (2006): Is Foreign Direct Investment a Channel of Knowledge Spillovers? Evidence from
Japan’s FDI in the United States. Journal of International Economics 68(2): 325–344.

Branstetter, L. – Sakakibara, M. (1998): Japanese Research Consortia: A Microeconometric Analysis of
Industrial Policy. Journal of Industrial Economics 46(2): 207–233.

Casella, B. – Bolwijn, R. –Moran, D. – Kanemoto, K. (2019): Improving the Analysis of Global Value
Chains: The UNCTAD-Eora Database. Transnational Corporations 26(3): 115–142.

Cie�slik, E. – Biega�nska, J. – �Sroda-Murawska, S. (2021): Central and Eastern European States from an
International Perspective: Economic Potential and Paths of Participation in Global Value Chains.
Emerging Markets Finance and Trade 57(13): 3587–3603.

Coe, D. – Helpman, E. (1995): International R&D Spillovers. European Economic Review 39(5): 859–887.
Djankov, S. – Hoekman, S. (2000): Foreign Investment and Productivity Growth in Czech Enterprises. The

World Bank Economic Review 14(1): 49–64.
Durant, C. – Milberg, W. (2019): Intellectual Monopoly in Global Value Chains. Review of International

Political Economy 27(2): 404–429.
Eaton, J. – Kortum, S. (1999): International Technology Diffusion: Theory and Measurement. International

Economic Review 40(3): 537–570.

306 Society and Economy 45 (2023) 3, 293–312

Brought to you by Corvinus University of Budapest | Unauthenticated | Downloaded 09/26/23 09:21 AM UTC



Éltető, A. – Magasházi, A. – Szalavetz, A. – Túry, G. (2015): Upgrading of Hungarian Subsidiaries in
Machinery and Automotive Global Value Chains. IWE Working Paper 217.

EPO (2022) European Patent Office Home. www.epo.org, accessed 28/03/2023.
European Innovation Scoreboard (2022): European Innovation Scoreboard 2022 and Regional Innovation

Scoreboard 2021. https://ec.europa.eu/research-and-innovation/en/statistics/performance-indicators/
european-innovation-scoreboard/eis#, accessed 14/09/2022.

Eurostat (2022): Eurostat Database. https://ec.europa.eu/eurostat/data/database, accessed 14/09/2022.
Ernst, D. – Kim, L. (2002): Global Production Networks, Knowledge Diffusion, and Local Capability

Formation. Research Policy 31(8–9): 1417–1429.
Fernandez-Stark, K. – Gereffi, G. (2019): Global Value Chain Analysis a Primer. In: Stefano, P. – Gereffi, G.

– Raj-Reichert, G. (eds.): Handbook on Global Value Chains. Cheltenham: Edward Elgar, pp. 54–76.
Gáspár, T. – Natsuda, K. – Sass, M (2020): Backward Linkages in the Hungarian Automotive Industry:

Where Are the Links Concentrated? In Proceedings of the 1st International Conference on Automotive
Industry 2020. Mladá Boleslav: �Skoda Auto University, pp. 100–111.

Gereffi, G. (1999): International Trade and Industrial Upgrading in the Apparel Commodity Chain. Journal
of International Economics 48(1): 37–70.

Gereffi, G. – Humphrey, J. – Sturgeon, T. (2005): The Governance of Global Value Chains. Review of
International Political Economy 12(1): 78–104.

Griliches, Z. (1979): Issues in Assessing the Contribution of Research and Development to Productivity
Growth. Bell Journal of Economics 10(1): 92–116.

Griliches, Z. (1990a): The Search for R&D Spillovers. Scandinavian Journal of Economics 94(Supplement): 29–47.
Griliches, Z. (1990b): Patent Statistics as Economic Indicators: A Survey. Journal of Economic Literature

28(4): 1661–1707.
Grodzicki, M – Geodecki, T. (2016): New Dimensions of Core-Periphery Relations in an Economically

Integrated Europe: The Role of Global Value Chains. Eastern Europe Economics 54(5): 377–404.
Grossman, G. – Helpman, E. (1991): Quality Ladders in the Theory of Growth. The Review of Economic

Studies 58(1): 43–61.
HIPA (2019): Automotive Industry in Hungary. Budapest: Hungarian Investment Promotion Agency.
Humphrey, J. – Schmitz, H. (2002): How Does Insertion in Global Value Chains Affect Upgrading in

Industrial Clusters? Regional Studies 36(9): 1017–1027.
Hungarian Central Statistical Office (2022): KSH Website. www.ksh.hu, accessed 14/09/2022.
Inzelt, A. (2014): Embeddedness Levels in Central and East European Countries as Revealed by Patent-

Related Indicators. Prometheus 32(4): 385–401.
Isaksson, O. – Simeth, M. – Seifert, R. (2016): Knowledge Spillovers in the Supply Chain: Evidence from the

High Tech Sectors. Research Policy 45(3): 699–706.
Jona-Lasinio, C. –Manzocchi, S. –Meliciani, V. (2016): Intangible Assets and Participation in Global Value

Chains: An Analysis on a Sample of European Countries. LLEE Working Paper Series 129.
Jones, C. (1995): Time Series Tests of Endogenous Growth Models. The Quarterly Journal of Economics

110(2): 495–525.
Kaplinsky, R. – Morris, M. (2001): A Handbook for Value Chain Research. Brighton: Institute of Devel-

opment Studies.
Keller, W. (1998): Are International R&D Spillovers Trade-Related?: Analyzing Spillovers Among

Randomly Matched Trade Partners. European Economic Review 42(8): 1469–1481.
Kergroach, S. (2019): National Innovation Policies for Technology Upgrading through GVCs: A Cross-

Country Comparison. Technological Forecasting and Social Change 145: 258–272.

Society and Economy 45 (2023) 3, 293–312 307

Brought to you by Corvinus University of Budapest | Unauthenticated | Downloaded 09/26/23 09:21 AM UTC

http://www.epo.org
https://ec.europa.eu/research-and-innovation/en/statistics/performance-indicators/european-innovation-scoreboard/eis#
https://ec.europa.eu/research-and-innovation/en/statistics/performance-indicators/european-innovation-scoreboard/eis#
https://ec.europa.eu/eurostat/data/database
http://www.ksh.hu


Konings, J. (2003): The Effects of Foreign Direct Investment on Domestic Firms: Evidence from Firm-Level
Panel Data in Emerging Economies. Economics of Transition 9(3): 619–633.

Krpec, O. – Hodulák, V. (2019): The Czech Economy as an Integrated Periphery: The Case of Dependency
on Germany. Journal of Post Keynesian Economics 42(1): 59–89.

Lee, J. –Gereffi, G. (2021): Innovation, Upgrading, andGovernance in Cross-Sectoral Global Value Chains: The
Case of Smartphones. Industrial andCorporate Change 30(1): 215–231. https://doi.org/10.1093/icc/dtaa062.

Lema, R. – Pietrobelli, C. – Roberta, R. (2019): Innovation in Global Value Chains. In: Stefano, P. –
Gereffi, G. – Raj-Reichert, G. (eds): Handbook on Global Value Chains. Cheltenham: Edward Elgar,
pp. 370–384.

Lengyel, B. – Leydesdorff, L. (2015): The Effects of FDI on Innovation Systems in Hungarian Regions:
Where is the Synergy Generated? Regional Statistics 5(1): 3–4.

Mordue, G. – Sweeney, B. (2020): Neither Core nor Periphery: The Search for Competitive Advantage in
the Automotive Semi-Periphery. Growth and Change 51(1): 34–57.

Myant, M. – Drahokoupil, J. (2012): International Integration, Variety of Capitalism and Resilience to
Crisis in Transition Economies. Europe-Asia Studies 64(1): 1–33.

Natsuda, K. – Sass, M. – Csonka, L. (2022a): Developing a Supply Chain Network: The Case of Magyar
Suzuki in Hungary. Acta Oeconomica 72(4): 531–552.

Natsuda, K. – S�ykora, J. – Bla�zek, J. (2020): Transfer of Japanese-Style Management to the Czech Republic:
The Case of Japanese Manufacturing Firms. Asia Europe Journal 18(1): 75–97.

Natsuda, K. – Thoburn, J. (2021): Automotive Industrialisation: Industrial Policy and Development in
Southeast Asia. London: Routledge.

Natsuda, K. – Thoburn, J. – Bla�zek, J. – Otsuka, K. (2022b): Industrial Policy and Automotive Development:
A Comparative Study of Thailand and Czechia. Eurasian Geography and Economics 63(2): 212–238.

Nolke, A. – Vilegenthart, A. (2009): Enlarging the Variety of Capitalism: The Emergence of Dependent
Market Economies in East Central Europe. World Politics 61(4): 670–702.

OECD (2013): Knowledge-based Capital and Upgrading in Global Value Chains. In: Supporting Investment
in Knowledge Capital, Growth and Innovation. Paris: OECD Publishing, pp. 215–252.

Parrilli, M. D. – Heras, H. A. (2016): STI and DUI Innovation Modes: Scientific-Technological and
Context-Specific Nuances. Research Policy 45(4): 747–756.

Pavlínek, P. (2012): The Internationalization of Corporate R&D and the Automotive Industry R&D of East-
Central Europe. Economic Geography 88(3): 279–310.

Pavlínek, P. (2018): Global Production Networks, Foreign Direct Investment, and Supplier Linkages in the
Integrated Peripheries of the Automotive Industry. Economic Geography 94(2): 141–165.

Pavlínek, P. – Ženka, J. (2011): Upgrading in the Automotive Industry: Firm-Level Evidence from Central
Europe. Journal of Economic Geography 11(3): 559–586.

Piermartini, R. – Rubínová, S. (2014): Knowledge Spillovers through International Supply Chains. CTEI
paper, The Graduate Institute of International and Development Studies.

Piermartini, R. – Rubínová, S. (2021): How Much Do Global Value Chains Boost Innovation? Canadian
Journal of Economics 54(2): 892–922.

Pietroblli, C. – Rabellotti, R. (2011): Global Value Chains Meet Innovation Systems: Are There Learning
Opportunities for Developing Countries? World Development 39(7): 1261–1269.

Prokop, V. – Stejskal, J. – Klimova, V. – Zitek, V. (2021): The Role of Foreign Technologies and R&D in
Innovation Processes within Catching-up CEE Countries. Plos One 16(4): e0250307.

Rikap, C. (2021): Capitalism, Power and Innovation: Intellectual Monopoly Capitalism Uncovered. London:
Routledge.

308 Society and Economy 45 (2023) 3, 293–312

Brought to you by Corvinus University of Budapest | Unauthenticated | Downloaded 09/26/23 09:21 AM UTC

https://doi.org/10.1093/icc/dtaa062


Romer, P. (1990): Endogenous Technological Change. Journal of Political Economy 98(5): 71–102.
Rugraff, E. (2010): Foreign Direct Investment (FDI) and Supplier-Oriented Upgrading in the Czech Motor

Vehicle Industry. Regional Studies 44(5): 627–638.
SakuraiN.–PapaconstantinouG– Ioannidis E., (1997): Impact of R&DandTechnologyDiffusion onProductivity

Growth: Empirical Evidence for 10 OECD Countries. Economic Systems Research 9(1): 81–110.
Sass, M. – Szalavetz, A. (2014): R&D-Based Integration and Upgrading in Hungary. Acta Oeconomica

64(S1): 153–180.
Smith, A. – Pickles, J. – Bucek, M. – Pastor, R. – Begg, B. (2014): The Political Economy of Global

Production Networks: Regional Industrial Change and Different Upgrading in the East European
Clothing Industry. Journal of Economic Geography 14(6): 1023–1051.

Staritz, C. – Whitfield, L. (2019): Local Firm-Level Learning and Capability Building in Global Value
Chains. In: Stefano, P. – Gereffi, G. – Raj-Reichert, G. (eds): Handbook on Global Value Chains.
Cheltenham: Edward Elgar, pp. 385–402.

Stejskal, J. – Hajek, P. (2015): Modelling Knowledge Spillover Effects Using Moderated and Mediation
Analysis – The Case of Czech High-Tech Industries. In: Uden, L. – Heri�cko, M. – Ting, I.-H. (eds):
Knowledge Management in Organizations. KMO 2015. Lecture Notes in Business Information Pro-
cessing, vol 224. Springer, Cham, pp. 329–341.

Szalavetz, A. (2017): Upgrading and Value Capture in Global Value Chains in Hungary: More Complex
Than what the Smile Curve Suggests. In: Szent-Iványi, B. (ed.) Foreign Direct Investment in Central and
Eastern Europe. London: Palgrave Macmillan, pp. 127–150.

Tajoli, L. – Felice, G. (2018): Global Value Chains Participation and Knowledge Spillovers in Developed
and Developing Countries: An Empirical Investigation. The European Journal of Development Research
30(3): 505–532.

Tokatli, N. (2013): Toward a Better Understanding of the Apparel Industry: A Critique of the Upgrading
Literature. Journal of Economic Geography 13(6): 993–1011.

Verspagen (1997): Measuring Intersectoral Technology Spillovers: Estimates from the European and US
Patent Office Databases. Economic Systems Research 9(1): 47–65.

APPENDIX

Appendix 1. Knowledge production function in the endogenous growth model

The endogenous growth theory by Romer (1990) is a two-sector growth model consisting of
output production (goods and services) and knowledge production (R&D and innovation).

Y ¼ KθL1−θA1−θ

_A ¼ ϑRA

The model illustrates that R&D enters into output production as an improved production
technology. Firms in the economy conduct R&D to create new products or improve existing
ones. The knowledge created in the R&D sector piles up and is fed back into R&D activities in
other firms or into future R&D.

Appendix 2. Patent stock in the initial year

According to Coe and Helpman (1995), the stock value in the initial year is calculated using the
following formula:
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PS0 ¼ P0
0:05þ∅

where P0 is the number of patents (flow) in the initial year 0. The depreciation rate of the stock
variable is assumed to be 5%. Ø is the average growth rate of the number of patents. The values
of initial patent stocks in each technological field are presented in Table A1.

Appendix 3. Concordance of EPO and ISIC

Table A2. EPO classifications and ISIC Rev.4

Category EPO ISIC Rev 4

Communication Digital communication þ Basic communication þ
Telecommunication

263

Computer Computer 262

Optics Optics 267, 268

Measurements Measurements 265

Pharmaceutical Pharmaceutical 21

Food Chemistry Food Chemistry 10T11, 10T12

Chemical Basic materials chemistry þ Chemical engineering 20

Machinery Machine tools þ Textile and paper machines þ Other
special machines

2B

Transport Transport 29

Table A1. The value of the initial patent stock

Czechia Hungary Poland Slovakia Total V4

Communication 1.931 0.000 8.116 0.000 10.047

Computer 0.000 0.000 0.000 0.000 0.000

Optics 3.333 3.032 0.000 0.000 6.366

Measurements 1.475 8.750 0.000 0.000 10.225

Pharmaceutical 3.023 27.770 0.000 13.548 44.341

Food Chemistry 9.130 0.000 4.693 0.000 13.823

Chemical 4.317 2.947 3.978 0.000 11.242

Machinery 25.652 16.051 2.444 3.962 48.110

Transport 11.018 0.000 4.478 0.000 15.496
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Appendix 4. Unit root test results (statistics from Levin-Lin and ADF tests)

Appendix 5. Panel cointegration test results

Appendix 6. GVC contribution

As described by Casella et al. (2019), GVC contribution is calculated using the data on value
added trade. The matrix shows the value added contained in the exports of each country. F11 is
the domestic value added of the exports of Country 1. F21 is the value added by Country 2
contained in the exports of Country 1 as well as the value added by Country 1 in the exports of
Country 2. In the matrix below, the columns show the sum of domestic value added and foreign

Pedroni Residual Cointegration Test

Statistic Prob.

Panel PP-Statistic �4.507 0.000

Panel ADF-Statistic �3.065 0.001

Kao Residual Cointegration Test

t-Statistic Prob.

ADF �6.371 0.000

Level

PT R PTS GVCEpPTSE GVCNApPTSNA GVCASpPTSAS

Levin-Lin & Chou �1.93pp �1.28 �1.52p 0.46 0.84 1.63

IPS �0.15 0.70 2.08 1.54 2.14 3.53

ADF 21.00 12.88 12.41 6.93 5.49 2.66

1st difference

PTV4 RDV4 PTSV4 GVCEpPTSE GVCNApPTSNA GVCASpPTSAS

Levin-Lin & Chou �12.34ppp �13.3ppp �6.81ppp �3.54ppp �3.90ppp �3.71ppp

IPS �8.77ppp �8.9ppp �4.62ppp �5.07ppp �4.93ppp �4.57ppp

ADF 93.78ppp 91.1ppp 55.35ppp 54.94ppp 53.71ppp 50.31ppp

Note: ppp, pp, and p indicate that the null hypothesis of unit root is rejected at 90%, 95%, and 99% confidence
level respectively.
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value added (FVA) in Country 1. Similarly, the rows show how much of each country’s domestic
value added is embodied in the exports of other countries (DVX). The GVC contribution is the
sum of FVA and DVX.

GVC contribution ¼ FVAþ DVX

GVC weight ¼ FVAþ DVX
FVAþ DVA

Open Access. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License (https://creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium for non-commercial purposes, provided the original author and source are credited, a link to the CC
License is provided, and changes – if any – are indicated.

Country 1 Country 2 … Country N

Country 1 F11 F12 … F1N →DVX

Country 2 F21 F22 … F2N

… … … …

Country N FN1 FN2 … FNN

↑FVA

Source: Casella et al. (2019).
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