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1.1 Introduction

The decline in trade friction over the past two decades has caused a large fragmentation
of production processes around the world (Pietrobelli and Rabellotti, 2011). Partici-
pation in global value chains (GVC) reached a level such that today more than 50%
of world trade between countries is due to intermediate rather than final goods trade
(Johnson, 2014; Reshef and Santoni, 2021) and has led countries to increasingly spe-
cialise in business functions rather than industries (e.g. Coveri and Zanfei, 2023).

While GVC-participation causes fragmentation of production into spatially separate
upstream and downstream processes, it also causes spatial fragmentation of innovation.
Trade theories have already incorporated the latter effect of fragmented innovation for
some time. Hart (1995) or Antràs and Helpman (2004) for example distinguish indi-
rectly between product innovations that enter as investments into headquarters’ revenue
functions and process innovations that enter as investments into the cost functions.

The concept gives a clear definition of what we mean by product and process innovation
respectively. The former increases a firm’s market share, by entering or even creating
a new market. It is therefore more influenced by demand forces. On the other hand,
supply-side innovation is often linked to process innovations that occur due to cost-
saving reasons - while the same market is served, the firm can do so at lower costs (or
higher quality) (Rammer, 2016; Dosi, Pereira, et al., 2022). With the growing spatial
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separation of R&D, product design, manufacturing and assembly, up to marketing,
the spatial distance between product and process innovation changes together with the
motivation to invest in either one of them1. Identifying process innovations empirically
has, however, been difficult and the literature uses mainly firm-level survey data. This
restricts analyses to small geographical regions or single countries (e.g. Cohen et al.,
2000; Narula, 2002; Mihalache et al., 2012; Rammer, 2016; Dawid et al., 2021) and
implies that comparisons across different countries in terms of process innovation is
largely limited.

We work with a novel dataset developed by Banholzer et al. (2019) that applies key-
word search on patent claims to identify the process-share of a patent. We match
the patent data with industry-country level GVC measures obtained from world input-
output tables. This enables us to explore the links between process-shares of patents as
a measure for process innovations and GVC measures of country-industry pairs based
on a sample of 20 manufacturing industries in 38 countries over the period 2000-2010.
The paper is concerned with the questions (a) in which position along GVCs, in which
countries, and in what industries is process innovation most prominent, and (b) what
is the interplay between process innovation and the extent and type of participation of
country-industry pairs in GVCs?

Recent developments in empirical research comparable to our work are Ito et al. (2023)
and Bontadini et al. (2024). The studies link, similar to our analysis, innovation, proxied
using patents, to GVC-measures, constructed using input-output data, and investigate
their relationship, focussing on the first decade of the 2000s, sometimes termed as the
start of the third wave of globalisation. Bontadini et al. (2024) investigate for European
countries how the relationship between functional specialisation and GVC-participation
differs for technological leaders and laggards. They highlight, among other things,
(a) that increased participation in GVCs fostered the initial functional specialisation
of countries and industries, into being either headquarter or factory economies, and
(b) that the technological gap between Western Europe and Eastern Europe did not
decrease despite tighter integration. In a firm-level study Ito et al. (2023), on the other
hand, analyse the declining influence of Japanese firms within the GVC network and
put this in relation with the innovative performance of these firms. Their findings show
how being part of an industry that is a central supplier, with strong forward linkages
within the GVC network affects innovative performance positively, while being part of
an industry that is a central buyer, with strong backward linkages, is not significantly
related to patenting.

With respect to the latter studies, the focus of this paper is the disaggregation of in-
novation into product and process innovation and their heterogeneous role within a

1See contract-theory literature (Antràs and Helpman, 2004; Acemoglu et al., 2007; Del Prete and Rungi, 2019;
Sampson, 2020)
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GVC-setting. Explicitly, the contribution is threefold. Firstly, we validate whether
patent data can be reliably used to identify process innovation and whether the con-
cordance of innovation data with industry-level input-output data aligns with known
patterns within GVCs. We back these claims by verifying that the data reproduces
findings from survey data and other stylised facts (similar to Banholzer et al., 2019).

Secondly, we investigate how GVC position of country-industry pairs is linked to inno-
vation, making the distinction between product and process innovation. We hypothesise
that total patenting, irrespective of type, is more likely to happen in the early stages of
a production process and hence more upstream. Additionally, following trade theories,
we hypothesise that process innovations are more likely to take place downstream in
the production process where labour shares are higher (e.g. Koerner, 2022), while prod-
uct innovations are more likely to take place upstream, where formal R&D activities
take place. Therefore, specialisation upstream should yield more product than process
innovation, and specialisation downstream more process than product innovation.

Lastly, we investigate at the country-industry level the relationship between GVC par-
ticipation and innovation outcomes. We study, as other empirical literature, the link
between GVC participation and the amount of patenting (again irrespective of type)
but also add insights into the less explored question on how the type of innovation,
proxied by the process-share of patents, is related to the extent of internationalisation.
We hypothesise that greater participation in GVCs is associated with higher process-
shares of innovation, for example, due to international competition that forces firms to
reduce costs and raise quality in order to survive.

The findings on GVC position show that patenting is an activity that is indeed as-
sociated with upstream stages for those industries that a country is specialised in.
Process-shares of innovation as well as high labour shares are correlated with down-
stream positions, which are both high in many offshoring destinations. Explicitly, we
find that in traditional manufacturing industries upstream positions with high process-
shares and intermediate labour shares are mostly held by East European countries,
while Western countries with industries in more upstream positions show lower shares
of labour and process innovation. Many Asian countries are positioned relative to East
Europe more upstream and obtain in their activities rather low process-shares of inno-
vation. Strong exceptions are Indonesia and India, which often take positions similar
to those of East European countries. Mexico and Brazil place themselves between East
Europe and Western countries.

Concerning GVC participation, we find that backward participation is negatively linked
to innovation, while forward participation displays an inverted U-shaped relationship.
This indicates that it is important how a country/industry participates in global value
chains but also to what extent it does so, as benefits might eventually fade. Lastly, the
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link between GVC participation and innovation type seems to be less clear. However,
our findings suggest important differences between offshoring countries and offshoring
destination countries, where the latter group appears to be more likely to shift towards
process innovation when participation in value chains is more intense. On the other
hand, findings for offshoring countries suggest, that intensified backward participation
might actually allow a shift towards more product innovations, while forward partici-
pation requires more process innovations.

Our research is relevant for policy makers, as knowledge of the relationship between
the positioning of country-industry pairs in GVCs and their relationship with prod-
uct and process innovations is important for understanding which innovation policies
can produce more effective outcomes. As research has shown, product innovations
are more responsive to demand forces (Dawid et al., 2021) than process innovations.
Hence, policies that positively affect the demand of downstream consumers, such as
feed-in tariffs or other support for the use of technologies on the demand side, should
be impactful in relative upstream country-industry pairs that predominantly develop
product innovations. However, if a country is specialised in downstream assembly and
a carbon tax is introduced, demand is created for upstream cleaner machinery from
maybe foreign producers who are specialised in R&D activities. However, locally such
policy might induces more process innovation, which can alter the assembly process
to reduce emissions and hence costs. If, however, the most cost-efficient solution is
offshoring to low-wage counties instead of conducting process innovations, then such
innovation-policies can even have negative unintended effects. The large heterogeneity
across industries in terms of level and type of innovation (Appendix AF2) requires a
careful design of policies, which takes into account the position of a country-industry
pair in the GVC, but also its composition and level of innovation distinguishing between
product and process innovations.

In the following, we first explain the construction of the process-share of patents, GVC-
measures, and the concordance between GVC and innovation measures (Section 1.2).
We then describe our data sources and methodology, followed by an extensive section
with descriptive statistics of our main variables (Section 1.3). Lastly, we show results
from our model estimations (Section 1.4), visualise our main points of this research
(Section 1.5), and conclude.

1.2 Data and Methodology

In this section, we show (1) how we construct the process-share of innovation, (2) how
we construct the different GVC measures, (3) how we link innovation data with GVC-
measures, and lastly (4) we outline our hypotheses and present the model specifications
used to test them.
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1.2.1 Process Innovation Measures

Much of the existing empirical evidence of product and process innovation stems from
research using survey data (e.g. Mihalache et al. (2012) using Dutch survey data;
Dawid et al. (2021) using Spanish survey data; Koerner (2022) using German survey
data) and limits, therefore, analyses often to within-border effects of mainly high-income
countries. This type of data comes from costly firm-level surveys distinguishing between
product vs. process innovation by asking participating firms often for a binary response
to questions similar to "whether a firm has introduced at least one process innovation
or not" and "whether a firm has introduced at least one product innovation or not"
within a certain amount of time (see, e.g. Rammer (2016) for German survey data).
However, these surveys remain silent about the actual amount and importance of these
innovations.

We instead proxy innovation using patent data from Global PATSTAT Autumn Edition
2020. To link this data with information on product vs process innovation, we make use
of the dataset developed by Banholzer et al. (2019) that provides, for every patent within
PATSTAT (Autumn Edition 2017) filed at the EPO and USPTO offices, a process-
share. Banholzer et al. (2019) determines the process-share by using keyword-search
on independent patent claims2 within a patent document.

The measure we employ from the dataset provided by Banholzer et al. (2019) computes
the share of independent patent claims that are identified as process claims. A patent
claim is classified as being a process claim, if, after deleting stop words3 and after pre-
processing the claim texts, a process- or use-related keyword4 appears in the first two
words5. Banholzer et al. (2019) have found that, among other variations of keyword
searches and machine learning approaches on patent titles, abstracts, or claims, this
measure correlates better when validating it with survey data. Appendix 1.7.1 provides
deeper insight into the methodology used by Banholzer et al. (2019) together with an
example patent, motivation for the type of measure we decide to use, and information
on the structure of patents in general.

A similar method has been used by Branstetter et al. (2021) on Taiwanese patents
applied at the USPTO to understand how the level of process vs. product innovation is
affected by large-scale offshoring to China, building on the methodology by Ganglmair
et al. (2022). Here, similar to survey data, a binary indicator is used, meaning a

2Independent patent claims are stand-alone claims that do not refer to other claims and hence represent all features
that are important to define an invention. Dependent patent claims on the other hand usually build on independent
claims and hence need to refer to the latter type.

3Stop words are frequent words that do not contribute greatly to the identification of the content of a text piece.
They usually are articles, pronouns or prepositions.

4The list of process keywords is (a) in English: method, process, procedure, use, utilization/utilisation, usage; (b)
in German: Verfahren, Methode, Prozess, Prozedur, Verwendung, Anwendung, Benutzung, Nutzung; (c) in French:
procédé, méthode, procedure, processus, utilisation, usage

5Product-by-process claims, which define a product in terms of a process (EPO, 2025, Part F, Chapter IV, p.28),
meaning for example, a product obtained by a process, are classified as product claims and not despite including process
keywords as process claims
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patent is classified either as a product or process patent depending on algorithmic text
analysis on both preamble and main body of patent claims. A process patent can
then be defined in different ways, using more or less strict criteria. With increasing
strictness in identification, (1) any patent that contains at least one process claim can
be classified as a process patent, (2) any patent, who’s first claim is a process claim, or
(3) any patent with at least 50% process claims (or in theory any other threshold) is a
process patent.

Bena and Simintzi (2022) on the other hand, use their own methodology to get shares
of process innovations from USPTO patents by applying also keyword search on patent
claims. In their analysis, they treat each claim as an innovation. Hence, they measure,
besides the share of process innovation (i.e., process claims over total claims), also
the number of process innovations and non-process innovations through the number of
process and non-process claims respectively. The aim of the research is to understand
the substitution effect of offshoring to China and investment in process innovation for
US multinationals. Our methodology is therefore more closely related to the share
of process innovations as measured in Bena and Simintzi (2022). We believe that
preserving the share of process innovation in a patent can provide insight into the
different possible applications and innovative components of the invention and therefore
can carry more information than classifying the patent based on a threshold into either
product or process patent.

In relation to this, one might argue that survey data would be more accurately repre-
senting whether an innovation is a product or a process, as firms themselves respond
and should know best whether the innovation is a new product or a process for their
own activities. However, here we would be speaking of innovation at the firm-level,
where the innovation is a new product or new process depending on the view of the
company introducing the innovation. For another firm active in the same or in another
industry further downstream, who is using this product as an input, this can induce
new processes. This latter firm would then respond in the survey that it has introduced
a new process. Simonetti et al., 1995 have shown that depending on who is asked to
classify an innovation (e.g. experts (engineers), managers of firms who introduce the
innovation, or first users of the innovation) the results can vary greatly. Furthermore,
they find that up to almost 97% of innovations can fall into a grey zone, for which you
cannot determine whether the innovation is a pure product or a pure process innovation.

Unlike binary firm-level survey data, we therefore look at the patent level, where we
compute its process-share and aggregate the patents at the country-industry level. The
process-share of a patent then, at least in theory, should also represent both the prod-
uct and process dimension: a patentee should have the incentive to cover all possible
innovative steps and possibilities for applicability the patent brings with it, its product
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parts, as well as possible downstream uses and changes in processes or methods the new
product can bring. For example, the US patent US2007237858A1 titled "Continuous
pickle desalting process and apparatus" with priority in 2006 protects both the product
and the process for treating pickles through two independent claims6. If the patentee of
the "product part" does, however, not add the possible "process parts" of the innovation
in the form of additional claims, then incentives exist for others (e.g. downstream users
of these inputs) to file for another patent to protect this dimension. The Korean patent
KR101878715B1 titled "Desalting method for pickled radish manufacture", is citing the
pickle patent US2007237858A1 from our earlier example and only includes claims, that
protects the process for pickling radish.

In practise, this might, of course, not always be true, and examiners as well as patentees
can overlook some applicability or some process part of the innovation. Additionally, it
can be that the downstream user of the "product part" of the innovation might not find
it worth filing for a patent to protect the process innovation the product induces for
them7. This means that in both cases we might underestimate the process-share of an
innovation and a zero-process-share of a patent might not truly represent only product
innovation, and we might miss some process innovations that are being induced.

In addition to process innovations induced by new product innovations8, we could also
just have process innovations that take place, without being induced further upstream.
These are for example innovations that reduce production costs by making energy use
more efficient, or by introducing a process that results in less scrap material9. These
innovations might be more likely to result in pure-process patents or in patents that are
not based on a previously patented product innovation. Unlike product innovations, we
might therefore think of these innovations as less related to formal R&D processes and
human capital (Rammer, 2016) and more as a by-product of processing, manufactur-
ing, and assembly activities - innovations that are more likely to come about through
learning-by-doing rather than being deliberately searched for.

For one innovation multiple patent publications can exist that yield different process-
shares, due to patent examiners’ or applicants’ adjustments or corrections related to the
patent claims. In these cases, we compute the process-share of the application based
on the most recent publication. This should reflect the most accurate information on
the actual process-share of a patent. However, we associate the patent application to
its earliest filing year, as this represents best the timing at which the innovation took
place.

6Link to patent: https://worldwide.espacenet.com/patent/search/family/038265150/publication/
US2007237858A1?q=pn3DUS2007237858A1. Similarly, see also Appendix Figure AF1 for an example patent with
both product and process claims.

7By this we refer to the previously mentioned observation that process innovations are generally less likely to be
patented than product innovations as other appropriability mechanisms might be preferred

8We called these type of process innovations in the Introduction of the thesis incorporated process innovations
9We called these type of process innovations in the Introduction of the thesis not-incorporated process innovations.
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An innovation is assigned to a country based on the country of residence of the inventor,
removing patent applications that fail to have this information. If a patent document
contains multiple inventors from different countries, we attribute to each country the
innovation following Tanner (2011). If multiple inventors are present, that are residing
in the same country, the patent enters only once into the patent count.

Alternatively, we could have used the address of the applicant over the residence of
the inventor. However, we believe that the residence of inventors better reflects where
knowledge was actually created. This is especially of importance in the context of GVCs
and activities by multinational enterprises (MNEs), where collaboration in research
between upstream and downstream partners is common, but also for cases in which
the patent applicant, often the main headquarter of a MNE, is located in a different
country than the inventor(s), who could instead be located in a foreign subsidiary (see
also for example Tajoli and Felice, 2018; Piermartini and Rubínová, 2021; Tinnefeld
et al., 2025, who all use the country of residence of inventors in multi-country studies).

1.2.2 GVC Measures

To understand innovation patterns within GVCs we construct GVC measures on the
position (upstream- or downstreamness) and the participation (share of foreign inter-
mediate trade) of country-industry pairs within GVCs. Additionally, we construct
a measure to understand countries’ industry specialisations. We make use of input-
output tables from the WIOD 2016 Release (Timmer, Dietzenbacher, et al., 2015),
which provides global input-output tables for 42 economies (plus Rest of the world) on
country-industry level that contain information on intermediate input supply, use and
value-added. This edition is based on the International Standard Industrial Classifica-
tion (ISIC) Rev. 4 and covers the years 2000-2014 during which the rise of GVCs has
been especially prominent10.

We employ three different measures for upstreamness (GV C − position), which allow
comparisons of country-industry pairs in terms of their value added and upstreamness.

The first measure V Ashare
c,i,t (Equation (1.1)) is a simple fraction of the value added

(V Ai
c,t) by country c ∈ N (N being the set of countries) in industry i ∈ J (J being the

set of industries) in year t over country c’s gross output (Y i
c,t) in this industry:

V Ashare
c,i,t =

V Ai
c,t

Y i
c,t

. (1.1)

10While more recent input-output tables exist such as the OECD ICIO data (Yamano et al., 2023) we decide to use
WIOD, (1) because we focus on the beginning of the 21st century to capture the rise of global value chains, and (2)
because the process-share data from Banholzer et al. (2019) cover the same period as the WIOD 2016 release. For an
analysis that uses more recent data, one would need to conduct their own keyword search on patent claims and choose
an alternative to WIOD such as the OECD TiVA database.
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High values in VAshare are associated with relative upstreamness of the country-industry
pair, as value added at the first stage of the production process should theoretically be
equivalent to its gross output 11 as no intermediate inputs are used. As we move further
downstream, more and more value is added, increasing gross output and decreasing
VAshare. Therefore, VAshare and upstreamness are assumed to be positively related.

Next, we measure upstreamness in a more sophisticated manner, following Antras and
Chor (2018). The measure accounts for the fact that industries that provide inputs to
relative upstream sectors should be relative upstream themselves. Hence, it measures
the relative extent to which an industry sells its output either to final consumers or
to other industries that themselves sell a disproportional amount to final consumers.
A sector will be relatively more upstream if it sells little to final consumers and if its
intermediate customers are themselves relatively upstream. The intermediate input
coefficient ai,jc,n = Zi,j

c,n/Y
j
n is the amount of input from country-industry c − i needed

to produce one unit of output in country-industry n − j. This means that the total
output of country-industry c − i (Y i

c ) should be equal to final consumption (F i
c) plus

intermediate consumption (ai,jc,nY j
n ):

Y i
c = F i

c +
N∑

n=1

J∑
j=1

ai,jc,nY
j
n ,

where the right-hand side Y j
n can then be represented with a similar expression as Y i

c ,
yielding an infinite summation similar to a Taylor approximation.

Building on this, Antras and Chor (2018) show that upstreamness can be represented
as a computation of matrices that results in a measure of upstreamness (UAntras

c,i,t ):

UAntras
c,i,t =

u[I−At]
−1Yt

Yc,i,t

, (1.2)

where u is a unit row vector of dimension 1 × c ∗ i with direction c ∗ i. Yt is a vector
of gross outputs with Y i

c in its c ∗ i’s position, I is the identity matrix with dimensions
N ∗ J ×N ∗ J and At is a matrix of input coefficients ai,jc,n as elements.

On the other hand, we define downstreamness as

DAntras
t = u[I−At]

−1 . (1.3)

The measure originates from Fally (2012), as a measure for the average number of
production stages embodied in a country-industry pair for which Antras and Chor

11Note that, empirically gross output of a country-industry pair is not only equivalent to the sum of intermediate
and final consumption of its output across countries and industries, but also includes inventory holdings and gross fixed
capital formation of countries.
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(2018) show its equivalence to a downstream measure. De Backer and Miroudot (2013)
use the index as a measure for GVC-length.

Lastly, we make use of a measure that includes both upstreamness and downstreamness.
This measure builds on the measures from Equation (1.2) and Equation (1.3), but
corrects for the heterogeneity in the length of GVCs. This seems necessary as country-
industry pairs in short GVCs might be biased to appear further downstream due to
shorter GVC-length but in fact, have a relative upstream position as explained in for
example Wang et al. (2017). Therefore, we measure upstreamness as the ratio between
upstream- and downstreamness and call the measure UWang.

UWang
c,i,t =

UAntras
c,i,t

DAntras
c,i,t

. (1.4)

The numerator is equivalent to UAntras and the denominator is equivalent to DAntras.

GVC participation captures the degree to which a country/industry is embedded in the
global production network. A general measure for GVC participation usually contains
two dimensions: It includes the degree to which a country/industry is using foreign
inputs in its production, as well as the degree to which its output is used by foreign
partners in further processing (see, e.g., Koopman et al., 2010). As the two dimensions
of this general measure indicate two very different potential roles a country/industry
might play within the production network, it is common in the literature to split the
measure into forward and backward GVC participation. Measures for backward GVC
participation take into account the foreign share of inputs or value added in domestic
production, and hence focus on participation with upstream partners, while forward
GVC participation takes into account the share of domestic value added or domestic
inputs that are exported to foreign locations and hence are associated more with partic-
ipation in GVCs with downstream partners. We employ simple and easily interpretable
measures for participation in GVCs, which aim to capture the exposure of a country-
industry pair to foreign sectors on two dimensions: (1) reliance on foreign intermediate
inputs and (2) reliance on a foreign intermediate goods market (similar to backward and
forward GVC participation, respectively). The former dimension is measured through
the fraction of intermediate inputs used by a country-industry, which come from foreign
sources (IM foreign

c,i,t )12:

IM foreign
c,i,t =

J∑
j=1

N∑
n ̸=c

Zj,i
n,c,t/

J∑
j=1

N∑
n=1

Zj,i
n,c,t , (1.5)

12This measure is similar to the offshoring index used by Tajoli and Felice (2018), but instead of aggregating at the
country level, our measure is at the country-industry level, so that we have the share of foreign intermediate inputs in
total intermediate inputs used by industry i of country c.
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where Zj,i
n,c,t is the dollar amount of intermediate input used by industry i in country c,

which is imported from industry j in country n.

The flip side of this measure is the reliance of a country-industry pair on foreign country-
industries as a customer base for its intermediate outputs. We measure this concept as
the fraction of exports of intermediate inputs to foreign countries:

Xforeign
c,i,t =

J∑
j=1

N∑
n ̸=c

Zi,j
c,n,t/

J∑
j=1

N∑
n=1

Zi,j
c,n,t , (1.6)

with Zi,j
c,n,t similar to before, with reverse order of c and n, as well as reverse order of

i and j, representing the dollar amount of goods an industry i in country c exports to
industry j in country n for intermediate production use.

To measure industry specialisation in manufacturing, we use a Balassa-type index (Bal-
assa, 1965) from the revealed comparative advantage theory. Traditionally, comparative
advantages are constructed using export data. Along with Timmer, Miroudot, et al.
(2019) we argue that with the rise of GVCs, export data in the construction of a spe-
cialisation index gives increasingly a misleading picture. For example, two countries
can export the same value of goods in an industry, but one adds relatively little value.
With traditional measures, this latter point would not be picked up. Therefore, we
base our index on the amount of value added in an industry-country pair. Relative
specialisation (RS) is therefore constructed as:

RSc,i,t =
V Ai

c,t/
∑J

j=1 V Aj
c,t∑N

n=1 V Ai
n,t/
∑N

n=1

∑J
j=1 V Aj

n,t

. (1.7)

If RSc,i,t < 1, then industry i in country c adds relative to the country’s total value-
added in manufacturing less than the global reference group. Here {j ∈ J} where J is
the set of 20 manufacturing industries 13.

In addition to the continuous measure RSc,i,t, we use a dummy index to indicate whether
or not a country-industry pair is specialised and hence has a revealed comparative
advantage (RCA) such that:

RCAc,i,t = 1 if RSc,i,t > 1

RCAc,i,t = 0 otherwise .
(1.8)

13The index is based on 20 manufacturing industries and not on all WIOD industries, meaning it captures specialisation
into an industry within manufacturing and not any global/regional or national trends of specialisation e.g. away from
manufacturing towards consultancy or from agriculture towards manufacturing of food products.
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1.2.3 Technology-Industry Concordance

As our measures for GVCs are based on country-industry data, while innovation is mea-
sured within technological fields, we need to aggregate patents into industries. PAT-
STAT provides a concordance between the International Patent Classification (IPC)
and the industry-level Statistical Classification of Economic Activities in the European
Community (NACE). We use the concordance mapping provided by EUROSTAT (Van
Looy et al., 2015), which is limited to manufacturing industries and links 625 IPC
subclasses with 44 NACE industries 14. The links are based on co-occurrence and co-
citation patterns of patents and the association of a representative sample of firm-owned
patents to the industries in which applicants are economically active.

WIOD’s use of ISIC Rev. 4 as an industry classification is closely related to NACE
Rev.2, which is used by PATSTAT. Generally, NACE is either identical or a finer
disaggregation of ISIC categories and can therefore be easily translated into ISIC (UN,
2008). For example, NACE codes 10, 10.5, 11 and 12 will fall into WIOD’s single class
C10-C12 (Manufacture of food products, beverages and tobacco products). While on
average a patent application contains 1.54 manufacturing NACE codes, it contains on
average 1.36 ISIC codes related to manufacturing.

A patent application is divided into different industries based on weights given through
the concordance. Our general formula for the overall process-share (Psharec,i,t) held in
a country-industry pair for a given year (t) therefore becomes:

Psharec,i,t =

∑Pc,t

p (Psharep ∗ weightp,i)∑Pc,t

p weightp,i
, (1.9)

where Pc,t is the total number of patent applications developed in country c and first
filed in year t. The process-share of a single patent p ∈ Pc,t is Psharep, and weightp,i

is the weight with which a patent p falls into industry i.

For example, the patent (p) with publication number EP1409856 (see also Appendix
Figure AF1) applied by Peugeot relates to an invention by two French inventors for cool-
ing motor vehicle engines. The patent with priority filing in the year 2000 lists CPC
codes from the broad technological class F, (encompassing inventions related to Engines
or Pumps), and CPC code Y02T10/12 (containing inventions related to efficiency im-
provements of internal combustion engines). The patent falls into ISIC industry C28
(Manufacture of machinery and equipment n.e.c.) with a weight wp,C28 = 0.71 and into
industry C29 (Manufacture of Motor Vehicles) with a weight wp,C29 = 0.29.

Our example patent has two independent claims, where one claim contains the process-
14See also Schmoch et al. (2003) and Schmoch (2008) for more information on the concordance procedure. For an

alternative concordance, used by e.g., Piermartini and Rubínová (2021), see Lybbert and Zolas (2014)
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keyword "method". Therefore, the patent yields a process-share (Psharep) of 50%15. If
this patent would be the only French patent in the year 2000 attributed to industries
C28 and C29, we would have total process-shares of PshareFR,C28,2000 = (0.5∗0.71)/0.71
and PshareFR,C29,2000 = (0.5 ∗ 0.29)/0.29, respectively. This means that the sum of the
process-shares of the weighted patents in an industry (nominator of Equation (1.9)) is
averaged by the sum of each patent’s weight in the industry (denominator of Equation
(1.9)). As some country-industry pairs did not produce any patent applications in some
years, and we therefore remove them from our sample, we end up with an unbalanced
panel for 20 industries and 43 countries over the years 2000-2010 16.

At this point, we want to emphasise potential issues related to the use of global input-
output tables at the country-industry level. The proportionality and similarity assump-
tions on which WIOD is based can be found in the manual by Timmer, Dietzenbacher,
et al. (2015, p.592). In addition to this, we call attention to limitations concerning data
recording related to the processing of goods and services:

WIOD Release 2016 is based on accounting standards from the System of National
Accounts 2008 (SNA, 2009). Differently from the previous SNA 1993 conventions,
the processing of goods abroad or by other domestic industries is no longer recorded
as a value-adding activity to the intermediate good within a Zi,j

c,n-element, which was
imported for processing and re-exported afterwards. This type of accounting now only
occurs if a change of ownership of the processing good takes place. If a firm is only
responsible for processing activities, without concern or economic interest in the final
sale, then the good, which is crossing country and/or industry borders for this processing
activity, is not recorded as an intermediate input, which is handed down the value chain
for value-adding processing activities (i.e., we do not observe the exchange of the good
from one country-industry pair to another). Instead, the good enters the inventory
records domestically while actually being processed elsewhere. When re-imported we
also do not see the good re-entering as an input from abroad but only observe the value
added due to processing in terms of processing fees (see SNA, 2009, p.595-596), which
are interpreted as processing services provided by the processing firm to the ownership
holding firm.

This means, our methodology is unable to capture part of the processing activities that
multinationals carry out, namely those in which transfer of ownership to the processing
firm does not take place. As most processing takes place downstream, country-industry
pairs that are specialised in this type of service might have upward-biased measures
on GVC-position. A country-industry pair highly active in processing activities might,
therefore, appear more upstream in our data than it would if following the SNA 1993

15Link to patent: https://worldwide.espacenet.com/publicationDetails/biblio?DB=EPODOC&II=7&ND=3&adjacent=
true&locale=en_EP&FT=D&date=20040421&CC=EP&NR=1409856A1&KC=A1

16See Figure AF3 of Appendix 1.7.4 for the number of missing observations per country.
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conventions, in which processing is seen as a standard value-adding activity. 17.

1.2.4 Models

Patenting in GVCs

Research has shown that the majority of innovations for which patents are filed are
product innovations rather than process innovations (Arundel and Kabla, 1998), as
the appropriability mechanism of the innovation when patented is much stronger for
product patents. Secrecy as an appropriability mechanism is often preferred for process
innovations (see e.g. Cohen et al., 2000; Nagaoka et al., 2010). This does not mean that
product innovations are the main source of innovation. In fact, according to German
survey data, new processes are the major share of innovations (Rammer, 2016). De
Marchi et al. (2018) identifies through literature search GVCs in developing countries
and finds that 82% contain product innovation, while 62% process innovations. 23% of
these process innovations are due to pressure from lead firms to adapt to international
standards.

Some research tries to identify causal links between innovation and GVC measures using
patents and input-output tables. Zolas and Lybbert (2019) for example investigate the
effect of patent in- and outflows on changes in upstreamness. They measure patent
flows as the granting of patents in a country (destination), when it is different from the
country of inventor residence (origin). The authors claim predictive causality by using
the grant date of patents to match on GVC measures, which should be more exogenous
than matching on application date, as inventors do not have influence on the number
of years between patent application and granting.

Most other studies that claim to investigate the causal link between GVC measures and
innovation have causality running the opposite way, namely from GVC measures leading
to innovation outcomes. N. Yang et al. (2020) for example find that GVC position (up-
streamness) is positively associated with patenting in Chinese manufacturing industries,
taking care of causality by using time-lags of the endogenous variables. Closely related
are the findings of Thakur and Sharma (2025) from Indian manufacturing industries.
Also here GVC position is positively linked with patenting.

Unlike the above literature, we do not attempt to unfold causal links in the following
analyses but focus on simple correlations between GVC and innovation measures to
provide an initial understanding of using our described indicator for process innovation
in a GVC setting and gain knowledge of how it correlates with GVC position and

17Another concern of WIOD is that R&D is recorded as an investment rather than an input. Therefore, it would
enter final consumption and appear downstream rather than as an upstream industry (De Vries et al., 2021). As we
do not include the formal R&D sector, this should not be a concern in this analysis. Due to concordance mapping, we
are restricted to manufacturing industries listed in Appendix Table AT3. As firm activity according to SNA rules is
generally recorded by the business activity of the main unit at each location of an enterprise, many R&D units fall into
the respective manufacturing industry the enterprise actually belongs to.
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participation.

The position of country-industry pairs along the GVC determines the activity conducted
and hence the input requirements, which then also determines whether and what in-
novative activity is needed. Reverse causality from patenting to upstreamness might
enhance this positive relationship, as new innovations might allow a firm to upgrade to
higher business functions.

While an upstream position alone might be correlated with more patenting, we ad-
ditionally want to understand at which stages of GVCs specialisation in an industry
is especially useful for innovation. It is well-known that specialisation can aid in the
development of expertise, leading to more successful innovative output. Following the
literature on the product space by Hidalgo et al. (2007), a strand of literature emerged
in the field of economic complexity and economic geography that focusses on path
dependency and technological relatedness, two interrelated concepts, which guide tech-
nological branching, diversification, and entry of new technological fields into a region
or country. Explicitly, the literature shows how regions as well as countries are more
likely to develop innovations that are related to those technologies a region or country
is already specialised in18.

We will interact effects of RCA on innovation with upstreamness to understand whether
specialisation in early or later stages benefits innovation more. As often patented in-
novations are the results of formal R&D activities for innovation, which occurs in early
functions of the value chain, we hypothesise according to trade theories (e.g. Antràs
and Helpman (2004) and Antràs, Chor, et al. (2012)) and the empirical literature above
(e.g. N. Yang et al. (2020) and Thakur and Sharma (2025)) that total patenting activ-
ity, regardless of type (i.e., pure product, pure process or mixed patents), is higher in
more upstream stages of production. With respect to the reviewed literature of techno-
logical relatedness, this should especially be true in those industries in which a country
is specialised in (H1a).

We test hypothesis H1a by estimating Equation (1.10):

ln(Patentingc,i,t) = α + β1Upstreamnessc,i,t

+ β2RCAc,i,t + β3RCAc,i,t ∗ Upstreamnessc,i,t

+ β4ln(Lsharec,i,t)

+ ω′
cβ5 + γ′

c,i,tβ6 + εc,i,t .

(1.10)

The coefficients β1 and β3 give us insights into hypothesis H1a. The dependent variable
Patentingc,i,t is the number of patents in a country-industry pair in a given year. We
log-transform this variable as its distribution is highly right-skewed due to the high

18See e.g., Boschma (2017) for a literature review or more recent works by Petralia et al. (2017), Balland et al. (2019),
and Tinnefeld et al. (2025)
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concentration of patenting activity in only a handful of countries and industries (see
Appendix Figure AF5). The main independent variables are (1) Upstreamness, mea-
suring the position of a country-industry pair in GVCs, either using UAntras or UWang,
(2) the dummy for industry specialisation RCA together with (3) an interaction term
on Upstreamness that captures where along GVCs specialisation helps more in the
development of innovation. The variables are constructed as described in Section 1.2.2.
We also include (4) the number of people engaged per US dollar of value added as a
measure of labour share (Lshare) to understand the possible effect of labour intensity
in some country-industry pairs on innovations within a GVC setting. We hypothesise
that there is a negative relationship with the amount of patenting of a country-industry
pair, as R&D and patenting are activities that require large amounts of capital. Ad-
ditionally, with respect to other business functions, such as assembly activities, fewer
people are involved, who add each, however, relatively more value per person, pushing
the labour-share measure (i.e., persons engaged per US dollar of value added) down.

The vector ωc contains time-varying country controls and γc,i,t is a vector of country,
industry, and year fixed effects.

Similarly to GVC position, we also try to understand the relationship between GVC
participation and innovation.

An inverted U-shaped relationship for GVC participation is found in N. Yang et al.
(2020) for the Chinese manufacturing industries. Thakur and Sharma (2025) shows
that this relationship also holds for Indian manufacturing industries and disaggregate
then participation into forward and backward. Again, an inverted U-shaped relation-
ship is found, which is, however, driven solely by forward participation. Backward
participation does not show an effect on innovation.

This latter finding might seem different from the findings of the cross-country studies
by Tajoli and Felice (2018) or of Piermartini and Rubínová, 2021, which find positive
effects of backward (and for the latter also forward) GVC participation on patenting.
However, there are important differences with respect to the previous two studies, which
focus on only one developing / emerging country rather than on multiple countries of
different development status. Second, none of the two latter cross-country studies test
explicitly for non-linearities in the relationship.

Furthermore, there are differences in the construction of backward participation. For
example Tajoli and Felice (2018) aggregate GVC measures at the country level, such
that positive effects from greater spillovers due to backward participation of an industry
could affect innovation in any industry of the country. In our work, as well as in N. Yang
et al. (2020) and Thakur and Sharma (2025) patenting is measured at the industry level,
and therefore the estimated relationship between industry innovation and participation
of GVCs in that industry is only from this very same industry.

30



Chapter 1 | Product and Process Innovation in Global Value Chains: A multi-country analysis

Most importantly, both cross-country studies focus on knowledge spillovers from abroad
generated through (forward/backward) participation in GVC of the domestic country.
Explicitly, both studies use measures of GVC participation as a weight in a bilateral
construction of R&D spillovers from trading partners to domestic knowledge production.
In this regard, the focus of these studies is the role of GVC participation as a learning
channel and a transfer mechanism for knowledge and ideas. This is different from N.
Yang et al. (2020) and Thakur and Sharma (2025) because here the simple relationship
between GVC participations and innovation is tested, without focussing on knowledge
spillovers. But their interpretation of findings and hypotheses also include the role of
knowledge flows, where the existence of a U-shaped relationship in developing countries
is argued to be due to initial gains through learning and knowledge spillover, which,
however, can decrease when participation becomes too high, as developing countries
risk becoming trapped in low value-adding activities that can eventually limit learning
possibilities and hinder the production of new ideas.

In addition to knowledge transfer and spillover, exposure to competition is an alter-
native channel through which GVC participation and innovation outcomes are linked.
Among those studies that focus on the competition channel, there appears to be no
clear consensus on the impact of GVC participation on innovation in general. Impor-
tant studies with opposing findings focus on the effect of Chinese import competition
on firms’ innovation: While Bloom et al. (2016) find positive effects of Chinese import
competition on innovation for firms in 12 European countries, Autor et al. (2020) find
these effects to be negative for US firms. Autor et al. (2020) reason that the contradict-
ing results can stem from larger technological gaps between technological leaders and
laggards in the US compared to Europe and show that, indeed, their negative effects
are mainly driven by less productive firms. Ito et al. (2023) focus on trade relationships
of Japanese industries and find, similar to the previously mentioned findings by Thakur
and Sharma (2025), that an increase in forward centrality in the GVC network (i.e.,
being a central supplier industry) is positively related to patenting, while this is not
the case for backward centrality (i.e., being a central buyer). Additionally, they find
that the Chinese accession to the WTO caused large drops in Japan’s forward cen-
trality within the GVC network, which again points towards negative effects of import
competition on innovation.

In view of the existing empirical evidence, the role of knowledge spillovers and import
competition, we hypothesise that participation in GVCs has at least initially a positive
association with the development of innovation - this should be true especially for
forward participation and for the early stages of opening up to foreign trade (H1b).
We test hypothesis H1b by estimating Equation (1.11):
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ln(Patentingc,i,t) = α +GVCparticipationc,i,t
′β1

+ (GVCparticipationc,i,t)
2′β2

+ β3RCAc,i,t + β4ln(Lsharec,i,t)

+ ω′
cβ5 + γ′

c,i,tβ6 + εc,i,t .

(1.11)

The vector GVCparticipation includes both measures IM foreign and Xforeign for
backward and forward participation, respectively. In terms of dependent variable, con-
trols, and fixed effects, the model is analogous to the setup of the model from Equation
(1.10). To understand non-linearity we include for both measures of GVC participation
also their squared versions, which are included in the vector (GVCparticipation)2.
The coefficients β1 and β2 are of main interest and are expected to be positive and
negative, respectively, to indicate an inverted U-shaped relationship as hypothesised.

Process-share in GVCs

Process innovations are theoretically assumed to follow product innovations (Utterback
and Abernathy, 1975) as industries mature and are primarily modelled to take place in
downstream sectors that (a) either produce and assemble upstream product innovations
or (b) make use of upstream product innovations to produce final goods (e.g. Dosi, Piva,
et al., 2021).

In practice, reason (a) argues that process innovations should occur more downstream
with respect to product innovations because the type of activity associated with the
manufacture and assembly of a new product innovation might be more associated with
process innovation. The famous smile-curve of value-chain disaggregation by Mudambi
(2007) defines formal R&D activities and product development as the early stages of
value chains adding a lot of value, while manufacturing and assembly activities are the
stages further downstream at the bottom of the smile due to being associated with
low value-adding activities. It is then intuitive that product innovations are associated
with upstream stages, while process innovations are more related to activities in the
downstream stages, in which e.g. new methods to combine inputs are developed or
the use of different materials for efficiency improvements are tested (not-incorporated
process innovation).

Reason (b) on the other hand, adds that product innovations can induce process in-
novations (incorporated process innovation), since the incorporation of new product
innovations into production could require adjustments to the manufacturing process.
Furthermore, empirical evidence has shown that many process innovations are devel-
oped due to pressure from lead firms to comply with international standards (De Marchi
et al., 2018). We hypothesise in line with the above arguments, that the process-share
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of patents is higher in more downstream country-industry pairs (H2a).

If GVC measures are indeed linked to the process-share of patents, then the speciali-
sation of countries in certain GVC functions should encourage the respective type of
innovation. We might think here again of path dependency and technological related-
ness and the question of whether these concepts hold also for the type of innovation and
not only for the technological field of a patent. In line with hypothesis H2a, this means
that specialisation in downstream manufacturing industries should foster the develop-
ment of process innovations and upstream specialisation the development of product
innovations. We hypothesise that relative specialisation correlates positively with the
process-share of patents for relative downstream industries and negatively for relative
upstream industries (H2b).

We estimate varieties of the following model specification (1.12):

Psharec,i,t = α + β1Upstreamnessc,i,t

+ β2RCAc,i,t + β3RCAc,i,t ∗ Upstreamnessc,i,t

+ β4ln(Lsharec,i,t)

+ ω′
cβ5 + γ′

c,i,tβ6 + ε .

(1.12)

With the coefficients β1 and β3 we test hypothesis H2a and together with β2 we test
hypothesis H2b.

Besides relating the process-shares of patents to GVC-position, we also investigate,
as we do with general patenting activity, whether the extent of GVC-participation is
linked to the process-share of patents. Section 1.2.4 already introduced the literature on
potential channels through which GVC participation and innovation outcomes might
be linked. In addition to these studies, M.-J. Yang et al. (2021) is important here,
as the authors distinguish between innovation type. Using Canadian firm-level survey
data the authors distinguish between product and process innovation and find a shift
of firms’ innovation strategies towards product innovations due to import competition.
As an explaining mechanism they reason that product innovations are able to shield
firms better from competitive pressure than process innovations.

The mechanisms through which GVC-participation affects innovation (and vice versa)
are not limited to competition and knowledge spillovers. Stronger participation in
GVCs also means increased exposure to global regulations and standards. In addition,
it could cause significant changes in the overall production activities of countries, leading
to re-specialisation into different business functions. Furthermore, increased exposure
to foreign intermediate trade frequently requires offshore destinations to comply with
international standards and regulations, which require process innovations. Offshoring
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countries, on the other hand, often offshore precisely these downstream activities (Pilat
et al., 2006). Furthermore, to be chosen in the first place as an offshoring destination,
low wages might be a primary factor, but to retain GVC participation and remain
cost competitive with sufficient quality levels that satisfy offshoring countries, process
innovation might be detrimental. This reasoning fits the findings of Torres De Oliveira et
al. (2021) who show for Vietnamese firms that participation in GVCs through export is
associated with process innovation but not with product innovations. The authors show
that the effect is moderated through exporting to advanced countries only, pointing
towards positive effects on process innovations to stem from, for example, learning
opportunities.

We hypothesise that participation in GVC is generally positively correlated with the
process-share of patents, as cost-reducing innovation is important to remain competitive
on the global market (H3a). However, we hypothesise that this effect is heterogeneous
and depends on the type of function the country plays in the GVC in terms of being
an offshoring destination or an offshoring country. Explicitly, we hypothesise that
GVC participation for typical offshoring countries is less strongly associated with the
development of process innovation compared to offshore destinations countries. This is
because the former group is more likely to offshore downstream functions, where process
innovation plays a crucial role. Consequently, these countries may instead concentrate
on upstream activities, such as research and development for new product innovation
(H3b).

We estimate Equation (1.13) for all countries, as well as for a country group repre-
senting typical offshoring countries and a country group representing typical offshore
destinations19:

Psharec,i,t = α +GVCparticipationc,i,t
′β1

+ β2RCAc,i,t + β3ln(Lsharec,i,t)

+ ω′
cβ4 + γ′

c,i,tβ5 + ε .

(1.13)

The coefficient β1 gives insight into H3a and also yields answers to hypothesis H3b when
estimating the model on sub-samples of offshoring countries and offshore destination
countries separately. We estimate all model specifications (1.10) - (1.13) using ordinary
least squares (OLS) with country, industry, and year fixed effects. Standard errors are
robust and clustered at the country level.

19Typical offshoring countries in our analysis are West Europe, United States, Canada and Australia. Typical offshore
destinations are East Europe, China, India, Indonesia, as well as Brazil and Mexico; A list of countries and their
classification can also be found in Appendix Table AT2.
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1.3 Descriptive Statistics

Table 1: Summary Statistics: Country-Industry-Year Measures

Statistic Pctl(25) Median Pctl(75) Mean St. Dev. Min Max N
Process-share 0.070 0.123 0.184 0.153 0.144 0.000 1.000 7,191
Patents (in thousands) 0.006 0.038 0.218 0.762 4.096 0.00003 86.511 7,191
VAshare 0.265 0.333 0.402 0.338 0.111 0.011 0.833 7,191
UAntras 1.809 2.249 2.802 2.326 0.651 1.063 4.613 7,191
UWang 0.735 0.934 1.162 0.951 0.262 0.315 1.865 7,191
DAntras 2.264 2.463 2.665 2.469 0.340 1.264 4.022 7,191
IMforeign 0.175 0.286 0.418 0.313 0.173 0.029 0.897 7,191
Xforeign 0.118 0.313 0.586 0.368 0.280 0.000 1.000 7,191
RS-index 0.594 0.949 1.396 1.170 1.085 0.001 16.216 7,191
RCA 0 0 1 0.468 0.499 0 1 7,191
Persons engaged / VA 0.012 0.020 0.046 0.063 0.166 0.000 3.408 7,191

Data cleaning led to the removal of some countries and years in the subsequent analysis.
We remove Russia, Turkey, Luxembourg and Cyprus from the data, due to many zero
entries in value-added for various industries in their world input-output tables. We
remove Malta from the analysis due to insignificant patenting activity for many indus-
tries and across many years. This leaves us with an unbalanced panel of 38 economies
(see Appendix 1.7.2, Table AT2) disaggregated by 20 manufacturing industries (see Ap-
pendix Table AT3) observed over the years 2000-2010. Table 1 presents the summary
statistics of our main variables, and their correlation table can be found in Appendix
Table AT4.

1.3.1 Innovation patterns over time

Our data contains around 4,957,864 unique patent applications from the EPO and
USPTO. The set of countries in our data covers about 98% of all global patenting
activities, and hence reflects rather well global innovation patterns. The largest group
of countries in terms of patenting are the three Western countries Australia, Canada and
the United States, accounting together for 49.8% of patents, followed by Asian countries
with 28.9%, and West European countries with 27.9%. East European countries and
Mexico and Brazil account as two separate groups for less than 4% of patenting in the
data. The geographic as well as industrial concentration of innovation can be seen in
Table 1 from the low median in Patentsc,i,t compared to its relatively high mean, which
is indicative of a highly right-skewed distribution (see also Appendix Figure AF5).

The countries with the least number of observations, due to no patent applications in
some industry-year pairs, are mostly small Eastern European countries such as Lithua-
nia, Latvia, Estonia, and Croatia. The industries with the lowest patenting activity are
the WIOD industries C16-C1920 (see Appendix Table AT3).

20C16: Mfg. of wood and products of wood and cork, C17: Mfg. paper and paper products, C18: Printing and
recorded media, C19: Mfg. of coke and refined petroleum products
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While around 66% of all patents have more than one inventor, western economies (west
Europe, Australia, Canada, and the US) have the lowest share of average applicants
as well as inventors listed on a patent (see the last two columns Table 2). This points
to more autonomous innovation activities and the ability to patent without relying ex-
tensively on third-party financing or research collaboration. In contrast to this, East
Europe has large groups of co-inventors. This could reflect the research collaborations
guided by MNEs headquartered in West Europe and financing the patenting of inven-
tions in East Europe’s subsidiaries. The results for Asia with a high average of at
least 2 applicants but a less inflated number of inventors relative to East Europe could
be partially explained by technological transfer between western economies (West Eu-
rope, Canada, and US) and East Asia, which gained momentum in the 2000s (see also
Rassenfosse and Seliger, 2020), similarly to Brazil and Mexico.

Table 2: Collaboration in patenting (row-wise)
Columns 1-5: Percentage of cross-border collaboration patents with at least two countries involved in the patenting
process; Patents with inventors from more than two different country groups excluded (Rows may not sum to 100%
due to patent collaboration with out-of-sample countries; patents with inventors from more than two different countries
excluded; only values above 1% recorded in the table); Columns 6-7: average number of applicants/inventors on a patent
within a country-group; based on all patent applications used in the analysis

west Europe AU, CA, US east Europe Asia BR, MX Applicants Inventors
west Europe 31.0 52.8 1.5 6.9 4.1 1.792 2.636
AU, CA, US 52.5 10.7 1.1 21.3 0.9 1.981 2.696
east Europe 49.3 27.7 0 1.9 2.9 2.139 3.286
Asia 18.8 58.3 0 10.3 5.2 2.123 2.716
BR, MX 21.1 54.7 0 9.7 2.4 2.146 2.791

The majority of multi-inventor patents list inventors from the same country (55% of
all patents). Cross-border collaboration patents, which we define as patents with at
least two inventors from two different countries, account for around 11.4% of all patent
applications. We see in Table 2 that collaboration with eastern European countries
is for no country group of significant importance, while collaboration with Asia plays
a major role for Australia, Canada and the US (21.3%). For West European coun-
tries, collaboration with Asia seems much more important than collaboration with its
eastern partners. This fits findings by Rassenfosse and Seliger (2020), who show, that
collaboration of the European core has especially soared with Asian countries (between
1990–2010) rather than with the former Soviet Union. On the flip side, East European
countries rely heavily on collaboration with Western economies, especially with Western
Europe. Asia’s cross-border collaboration is focused on Australia, Canada, and the US
(58.3%) (similar to Brazil and Mexico (54.7%)), mainly driven by technology sourcing
of China from the US.

In our data cross-border collaborative patents have on average a statistically significant
higher process-shares of around 5.5% than non-collaborative patents. This suggests that
process innovations are taking place further downstream in the production process, in
which more actors are involved, and a typical headquarter vs. input-supplier relation-

36



Chapter 1 | Product and Process Innovation in Global Value Chains: A multi-country analysis

Figure 1: Shares of mixed (red), pure product (blue) and pure process (green) patent applications
Based on patent count of applications used in the analysis before weighing them into country-industry pairs

ship can develop as described in trade theories (see e.g. Antràs and Helpman, 2004).
Furthermore, we find that less advanced economies rely more heavily on collaboration
in patenting. This could (1) highlight the financial and human resource constraints
but also (2) support findings by De Marchi et al. (2018) on process innovations taking
place due to pressure from lead firms to adopt technologies to comply with international
standards.

In this respect, Figure 1 reveals that East European countries and Asian countries play
different roles in the type of patents they hold. While Asia has very high levels of
pure-product patents, East European countries have high levels of pure-process patents
and mixed patents21.

It is relevant to say that these differences can be partially driven by heterogeneity in
patenting strategies and standards across countries, as well as home-bias of patenting
at the EPO and USPTO:

Patenting strategies to protect innovations vary across industries but also across coun-
tries, where differences in, e.g. extent, quality, and cost of intellectual property right
protection may incentivise inventors in some countries to use other appropriability
mechanisms over patenting. A lower propensity to patent in Europe with respect to
the United States has been, for example, highlighted by Arundel and Kabla (1998),
who also confirm previous evidence on Germany as an outlier among other European
countries, in terms of its high propensity to patent. Furthermore, Fontana et al. (2013)
find a relatively high propensity to patent among award-winning innovations for Asia
with respect to the US and Europe. As an example of how this could bias our results,
let us assume that in Asia process innovations relative to product innovations are sys-
tematically less often patented, and instead secrecy is preferred. This would result in a
lower share of process innovations that are patented relative to other country groups,
and hence biasing our proxy for process innovations downward for this country group.

Another type of heterogeneity, which is difficult to capture and control for, is hetero-
21Pure-process patents are defined as patents with only process claims. Pure-product patents do not have any process

claims, and mixed patents contain both non-process and process claims.
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geneity in patenting standards, including the wording of patent claims. Differences in
official standards across national patent offices can exist, but also differences in spo-
ken languages and use of different vocabulary or sentence structures. When patent
applications are translated into English (or another accepted language at the EPO),
identification of process keywords could be biased, resulting in a biased measure for
process-share of patents across countries.

Lastly, home bias of patenting means that inventors are more likely to patent their
inventions at their respective domestic patent office, especially if they are of relatively
low value but also if the inventor faces financial constraints. Since we make use of EPO
and USPTO applications only, this induces a positive bias towards innovations from
inventors residing in the EU or US.

While the use of pure product and mixed patents has increased over time (see Appendix
AF4), the number of pure process patents has mostly been stable or even decreased from
2005 onwards. This evolution fits the analysis by Banholzer et al. (2019) who find that
the process-share of patents over the period 2000-2012 has decreased across different
measures of process-shares. It is also in line with the survey findings of Rammer (2016),
which show for a sample of German firms a decrease in the share of cost-reducing process
innovations especially prominent in the manufacturing sector.

Figure 2 (left panel) shows these developments across different country groups using
our measure of process-share of patents calculated as described in Section 1.2.1. Overall
and across all country groups, this measure has been declining. The decline is especially
prominent in East European countries, which could hint at effective upgrading towards
business functions that carry out more product innovations22. The level of the process-
share of patents, remains however highest for East Europe during our period of analysis
and is consistently the lowest in Asian countries.

Our summary statistics reveal some right-skewness of the distribution of the process-
share of patents (see also its distribution in Figure AF6), due to most patents being
related to product innovations rather than process innovations (i.e., more product claims
rather than process claims). In our data, around 12.7% of patents (739,520) contain
only process, and 46.9% only product claims (2,722,149). Mixed patents (2,340,445) are
therefore around 40.3%. When aggregating all the patents into their respective country-
industry pairs, 75% of the country-industry pairs obtain average process-shares below
18.2% (see y-intercept in Figure 2, left panel).

Because process innovation is often motivated by cost-saving incentives, we expect it to
predominately take place in those functions of the value chain in which it can replace
labour, and hence plays a labour shedding role as in the model by (Dosi, Pereira, et al.,

22As most countries in East Europe have relatively low levels of patenting, which causes large fluctuations in the
measure over time, any interpretations of this finding should therefore be taken with a grain of salt.
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Figure 2: Fitted values of process-share (left) and labour share (right) over time
Process-shares are calculated using means within years of fitted values from Table AT5; Labour shares are measured as
the number of persons engaged per gross value-added (in $US adjusted for inflation) and are calculated using means
within years of fitted values from Table AT13; Dotted black lines show development for all countries

2022), while product innovation is thought to influence employment positively. The
right panel of Figure 2 shows the declining labour shares across all country groups,
measured by the number of persons engaged in a country-industry pair per US dollar
of value added. The largest decline in labour shares has occurred in East European
and Asian countries followed by Brazil and Mexico. Though, on average the level
still remains higher than in the West. Higher labour shares and its strong decline
in East Europe could be an explanation for its high level in process-shares of patent
applications. Many East European countries experienced during 2000-2010 greater
integration in the EU that could have facilitated not only their effective upgrading
along the GVC23, (see Section 1.3.2) and a higher level of product innovation, but also
increased investments in process innovations through financial resources, knowledge
spillovers from the West, skilled labour movements, or pressure to adopt international
standards, as well as incentives to compete on the international markets at lower prices.
The latter arguments align with the findings of Bontadini et al. (2024), who argue that a
tighter integration of East Europe in GVCs reinforced their specialisation in fabrication
tasks but did not result in technological convergence with the West. Similar stories could
hold for Brazil’s and Mexico’s relationship with the US and Canada, especially after
their trade integration following NAFTA in 1993.

1.3.2 GVC measures over time

We are comparing our measures on GVC-position with Antras and Chor (2018) who
calculate V Ashare (1.1), and UAntras (1.2) for the WIOD edition covering the years
1995-2011. As our sample period starts 5 years later and runs from 2000 to 2010 our
data shows slightly lower values for V Ashare as fragmentation of production and hence
of value added had already increased, such that we also find slightly higher average
values for UAntras as well as DAntras due to the lengthening of GVCs (i.e. distance to

23Indeed, Reshef and Santoni (2021) show on a similar sample of countries that forward global value chain intensity
is significantly explaining decreases in labour shares
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Table 3: Within County-Industry development of GVC-measures over 2001-2010
Columns (1)-(4) on GVC-position, (5)-(6) on GVC-participation and (7) on industry specialisation
robust standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.10

Dependent variable:
VAshare UAntras DAntras UWang IMforeign Xforeign RS

(1) (2) (3) (4) (5) (6) (7)
Year −0.002∗∗∗ 0.013∗∗∗ 0.018∗∗∗ −0.001∗∗∗ 0.004∗∗∗ 0.006∗∗∗ −0.026∗∗∗

(0.0001) (0.0004) (0.0004) (0.0002) (0.0001) (0.0003) (0.002)

Constant 4.889∗∗∗ −25.355∗∗∗ −34.088∗∗∗ 3.515∗∗∗ −8.689∗∗∗ −12.752∗∗∗ 53.057∗∗∗
(0.240) (0.763) (0.745) (0.366) (0.276) (0.537) (3.898)

Fixed Effect C*I C*I C*I C*I C*I C*I C*I
Observations 7,191 7,191 7,191 7,191 7,191 7,191 7,191
R2 0.928 0.979 0.925 0.969 0.960 0.943 0.798
Adjusted R2 0.919 0.976 0.916 0.966 0.955 0.936 0.775

final consumption as well as primary inputs increased).

Our GVC measures show how global production became more fragmented at the be-
ginning of the 2000s. Explicitly, we display in Table 3 for the years 2000–2010 rates for
the decline in V Ashare and the growth in UAntras and DAntras, which are comparable to
those found by Antras and Chor (2018) over the years 1995–2011. UWang is declining
during this period. The measure takes into account upstream- and downstreamness of
a country-industry pair. Therefore, it can be seen as more robust to varying lengths in
GVCs. We observe a statistically significant but economically small trend of country-
industry pairs moving downstream24.

The decline in UWang is common across our country groups as Figure 3 reveals. The
figure shows the evolution of our GVC measures for each country group. What is
striking is the opposite image that the first three panels deliver: while the measure
of V Ashare (panel 1) shows Asia as the least upstream, which is consistent with high
downstreamness DAntras in the panel below, the country group displays the highest
upstream position using the measure UAntras (panel 2). At the same time, measures for
GVC-participation are low (panels 5 and 6), which can happen either (1) by actually
little engagement in GVCs or (2) by engagement in value chains where large parts
are domestic, such that also domestic intermediate trade is strong. East European
countries, on the other hand, rely to the greatest extent on foreign input supply, as
well as on a foreign customer base for their intermediate inputs, which is a logical
consequence of their relatively small size and economic openness (see also De Backer
and Miroudot, 2013).

Figure 4 zooms in on these evolutions by displaying the GVC measures for the top 12
innovator countries25. The position of China stands out with low V Ashare but high

24See Appendix Table AT7 for within country-industry pairs regression with year dummies.
25Top 12 innovators are defined as the 12 most active countries in patenting, which contribute together to more than

90% of all patent applications over the years 2000 – 2010
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Figure 3: GVC-position and GVC-participation measures over time
Fitted values are used to compute year-country means from regressions of GVC-measures on year and country-industry
fixed effects

UAntras and DAntras measures as we have previously seen also for Asia as a whole. This
is due to a combination of effects: (1) China is placed relatively more upstream than
what the V Ashare measure would suggest, but adds very little value, furthermore (2)
China is operating in long value chains, justifying both high UAntras and high DAntras

measures but takes a rather downstream position as UWang shows, finally (3) while
Chinese value chains may be long, a large part of intermediate input trade is domestic.
In fact, the share of foreign intermediate inputs in 2010 reached only around 10%, as
did the exports of intermediate goods to foreign destinations (panels 5 and 6 in Figure
4).

On the other hand, the US has large V Ashares and low UAntras measures, which would
indicate (1) relatively short value chains and (2) very high value-adding activity, making
the US according to the V Ashares measure seem more upstream than it actually is. Short
value chains are also reflected in a low foreign share of intermediate inputs, which is just
slightly above the Chinese share in the early 2000s. Over the years, the US followed
the global trend of increasingly sourcing intermediate inputs from abroad but also
exporting more and more to foreign destinations, while for China, the share of foreign
intermediate inputs used remained stable, although foreign exports of intermediate
input grew (panels 5 and 6, Figure 4).

Looking at the role of different industries within GVCs, we find that the most down-
stream industries are construction (F), manufacturing of food, beverages and tobacco
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products (C10–C12), motor vehicles (C29), and furniture and other items (C31–C32)26.
Some industries have a more downstream position according to UAntras and a more up-
stream position according to V Ashares and DAntras. Examples are industries J62–J63,
encompassing computer programming, consultancy and related activities, and informa-
tion service activities. This misplacement effect is - similar to the above examples of
China and the US - due to very short value chain lengths. Industries J62–J63 add
a lot of value but are placed in the middle of short value chains (see also De Backer
and Miroudot, 2013), causing UAntras to place the industry further towards final con-
sumption and DAntras to place the industry further upstream than what UWang shows.
The reverse pattern is at play for basic metal manufacturing (C24). As a clear input-
supplying industry, UWang places C24 rather upstream, while V Ashares and DAndtras

show a downstream position. Relatively long value chains and little added value are
explanations here.

Figure 4: GVC-measures for top 12 innovating countries
Calculated using averages across industries within a given year and country

In sum, due to shortcomings and limitations of certain GVC indicators, we will focus
in the subsequent analysis on UWang as a more robust indicator for upstreamness along
GVCs of different lengths. V Ashare is the simplest measure of upstreamness and is
together with UAntras in the GVC literature a widely used indicator for a country-
industry position in GVCs. In our regression analyses, we use the latter, UAntras,
mainly for robustness checks.

Concerning specialisation, we observe an overall decline in the extent of countries’
specialisation in an industry within the manufacturing sector (see Table 3), which can

26see Appendix AT6 for the 10 most downstream and upstream country-industry pairs
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point towards the increasing specialisation into business functions rather than industries
and the resulting fragmentation of industries across the globe.

Figure 5 demonstrates for selected countries the rise and fall of specialisation in, re-
spectively, (a) the textile, (b) computer and electronics, and (c) automotive industries.
In the textile industry, China, Italy and Mexico were initially highly specialised. In all
three countries, specialisation is declining. At the same time, they operate in different
functions of the GVC of the textile industry. While Mexico is placed most upstream
according to DAntras and V Ashare measures, Italy is placed in the middle and China
further downstream. This is due to their respective activities: from the production of
fibre in Mexico to design and high-end fashion in Italy to final production in China.

Figure 5: Development of the specialisation index RSc,i,t
Specialisation (despecialisation) (above (below) dashed-red line) for a sample of countries in the Textile, Electronic, and
Automotive industries respectively (from left to right)

Specialisation in the manufacturing of computers, electronics, and optical products
reveals the increasing focus of Switzerland on electronics, while trends in Finland closely
resemble the rise and fall of Nokia. Taiwan, today mostly associated with semiconductor
production, is the most specialised country in electronics and has shown a remarkable
specialisation rate over the past century.

Similar stories can be told about the automotive industry in the third panel of Figure 5.
Germany became more and more specialised, while the US lost its specialisation around
2005, with General Motors and Chrysler filing for bankruptcy during the financial crisis.
At the same time, Mexico increased its specialisation by becoming an important off-
shoring destination for assembly activities of automotive companies. Hence, Germany’s
automotive industry vs. Mexico’s automotive industry have UWang measures in 2013 of
0.66 and 0.60, respectively (i.e., showing Mexico’s more downstream position).

1.4 Regression Results

1.4.1 Innovation in GVCs

Table 4 shows the regression results from the estimations of Equation (1.10) and Equa-
tion (1.11), concerning the relationships between GVC measures and patent activity.
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We control for industry-level patenting, and time-varying country controls27. We log-
transform our dependent variable, as the distribution of patents is highly right-skewed
as explained in Section 1.2.4. Models (1)-(4) investigate the relationship between GVC
position and patenting, while Models (5)-(9) have measures of GVC participation as
the main independent variable.

Table 4: OLS regression of overall patenting activity in country-industry pairs on GVC measures
Including country, industry and year fixed effects; robust standard errors clustered at country level in parentheses;
*** p < 0.01, ** p < 0.05, * p < 0.10

Dependent variable: Patenting Activity (in logs)

GVC-position (1-4) GVC-participation (5-9)
(1) (2) (3) (4) (5) (6) (7) (8) (9)

UWang 0.038 −0.130
(0.083) (0.085)

UAntras 0.081∗∗ 0.017
(0.036) (0.036)

RCA*UWang 0.148∗∗
(0.072)

RCA*UAntras 0.056∗∗
(0.028)

RCA 0.206∗∗∗ 0.214∗∗∗ 0.333∗∗∗ 0.335∗∗∗ 0.347∗∗∗ 0.328∗∗∗ 0.309∗∗∗
(0.070) (0.066) (0.019) (0.019) (0.018) (0.018) (0.018)

IMforeign −0.758∗∗∗ −0.321 −1.221∗∗∗
(0.112) (0.336) (0.124)

(IMforeign)2 −0.507
(0.370)

Xforeign 0.346∗∗∗ 1.691∗∗∗ 1.814∗∗∗
(0.060) (0.164) (0.164)

(Xforeign)2 −1.348∗∗∗ −1.150∗∗∗
(0.147) (0.148)

ln(L-share) −0.051∗∗ −0.050∗∗ 0.052∗∗ 0.055∗∗ 0.040∗ 0.041∗ 0.051∗∗ 0.047∗∗ 0.025
(0.023) (0.023) (0.023) (0.023) (0.023) (0.023) (0.023) (0.023) (0.023)

Constant −10.99∗∗∗ −11.12∗∗∗ −13.55∗∗∗ −13.71∗∗∗ −12.52∗∗∗ −12.64∗∗∗ −14.46∗∗∗ −15.17∗∗∗ −14.03∗∗∗
(2.115) (2.110) (2.088) (2.082) (2.081) (2.083) (2.086) (2.086) (2.068)

Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fixed Effects Y,C,I Y,C,I Y,C,I Y,C,I Y,C,I Y,C,I Y,C,I Y,C,I Y,C,I
Observations 7190 7190 7190 7190 7190 7190 7190 7190 7190
R2 0.9151 0.9151 0.9189 0.9189 0.9196 0.9196 0.9193 0.9203 0.9218
Adj. R2 0.9142 0.9143 0.9181 0.9181 0.9188 0.9188 0.9185 0.9195 0.921
AIC 15940 15934 15608 15607 15547 15546 15570 15483 15352

In line with established evidence, we find that being specialised in an industry has large
positive effects on innovation. Explicitly, a specialised country-industry pair compared
to a non-specialised one has between 30-34% more patents (columns 3-9).

Our results on upstreamness, our main variable of interest, support hypothesis H1.
27Time-varying country controls included are: total patenting activity of a country across all industries, output side

real GDP, and output side real GDP per capita (all controls are log-transformed). GDP data is taken from the Penn
World Table version 10.01; (Feenstra et al., 2015)
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We find for higher upstreamness of a country-industry pair on average higher levels
of patenting, considering both measures of upstreamness UWang and UAntras, how-
ever, without including the specialisation index, only the coefficient on UAntras is of
statistical significance (see columns 1 and 2). When including the interaction term
with specialisation in columns 3 and 4, we find that the effect is completely driven
by those country-industry pairs that are specialised. This means that the relationship
between upstreamness and total patenting is statistically positive only for specialised
country-industry pairs and highlights the importance of specialised knowledge in the
development of new ideas, which is especially strong in more upstream stages.

Turning to the relationship between GVC participation and patenting in columns 5-9
of Table 4, the first thing we note is that the association between forward participation
(Xforeign) and patenting seems to be indeed non-linear as including the quadratic term
in Model (8) increases the r-squared and moves the Akai Information Criteria (AIC)
significantly towards zero with respect to the linear Model (7). This is not the case
for IMforeign, where the inclusion of a quadratic term in Model (6) shows close to no
effect on r-squared or AIC with respect to Model (5), such that we conclude that a
linear specification represents better the relationship between patenting and backward
participation. We therefore exclude the quadratic term for backward participation in
our preferred Model (9).

We find that backward participation (IMforeign), and forward participation (Xforeign)
show opposite signs for their linear component (columns 5 and 7). As expected, a
positive association between forward GVC participation and patenting is found but
an unexpected negative association with backward participation. This suggests that
importing a large share of inputs from abroad rather than sourcing them domestically
reflects the weakness of the domestic economy to supply the focus industry with inputs.

The negative relationship with backward GVC participation seems contrary to Tajoli
and Felice (2018). They find that knowledge spillovers, mediated by backward partic-
ipation with trading partners, have positive effects on innovation at the country level.
In their analysis the main channel through which GVC participation affects innovation
is therefore through the level of R&D of their trading partners. A possible reason why
our findings are different could be that the positive knowledge spillover effects due to
backward participation, which Tajoli and Felice (2018) find, might not take place within
the same industry that imports large shares of foreign intermediate inputs, but rather
take place in industries, i.e., further downstream, which might benefit from intermedi-
ates that have many foreign components integrated. An alternative explanation is that
we also capture within our found negative association the import competition channel,
which has been shown to be negatively related to patenting in some studies (Autor
et al., 2020; Ito et al., 2023). The final and highly plausible explanation in this context
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comes from Thakur and Sharma (2025). The study finds no evidence for a statistically
positive effect of backward participation on the number of patents for Indian manufac-
turing industries. The justification for their findings is that high shares of backward
participation in GVC are associated with downstream activities such as assembly and
processing, resulting in lock-in into these low value-adding activities, which does not
improve innovative outcomes. While the authors only test for a non-linear relationship
their coefficient of the linear component of backward participation is negative (though
not statistically significant) as in our non-linear specification of Model (6). Our Models
(5) and (9) which include only the linear component reveals, however, a strong negative
link between backward participation and patenting. Following Thakur and Sharma
(2025) reasoning, this means that not only is becoming trapped in low value adding
activities not improving innovation outcomes, but, more strongly, it is even associated
with worse innovative performance.

Moving to forward participation (Xforeign) the findings are very well in line with hy-
pothesis H1b as we find an inverted U-shaped relationship of GVC participation with
patenting. Possible reasons for the initial positive association in our analysis are (1)
cost-saving innovation makes it possible to survive in international markets with high
price competition, (2) innovation of new products makes it possible to survive in inter-
national markets through product differentiation, and/or (3) only the most profitable
firms, which are also the most innovative, take part in GVCs. Concerning the first line of
reasoning, Section 1.4.2 shows suggestive evidence. Another explanation is that knowl-
edge spillovers and learning from foreign trading partners through GVC-participation
are affecting patenting. This direction of causality is investigated by N. Yang et al.
(2020) and Thakur and Sharma (2025). Both studies find the inverted U-shaped re-
lationship between GVC participation and patenting and in the case of Thakur and
Sharma (2025) we see that this relationship is driven by forward participation as is
also the case in our non-linear specifications of model (8) and (9). Furthermore, the
negative finding of backward GVC-participation and the positive finding of forward
GVC-participation of country-industry pairs in relation to patenting activity are also
in line with the evidence on Japanese manufacturing industries from Ito et al. (2023).

To summarise the above, patenting occurs mostly in the early stages of GVCs in those
country-industry pairs that are specialised (supporting hypothesis H1a). GVC partici-
pation has opposing effects. We find (1) that backward GVC-participation (IMforeign)
is associated with fewer patents, which can point towards a weak domestic industries,
such that inputs need to be imported and/or that country-industry pairs with high
share of foreign inputs are trapped in low-value adding activities such as assembly and
processing without opportunities to innovate, and (2) an inverted U-shaped correla-
tion between forward GVC participation (Xforeign) and innovation, which indicates,
that forward GVC participation is associated with more patents up to a threshold after
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which even stronger forward participation is associated with less innovation28. The pos-
itive association suggests the need for technological development to be able to compete
internationally (meaning to enter, as well as to persist in the global market) and/or
knowledge spillovers from abroad that drive innovation.

In the following, we show that the measure of process innovation can replicate stylised
facts and findings from survey data. We then present our results on the relationship
between the process-share of patents and GVC measures. Explicitly, we look at the cor-
relations between GVC-position, GVC-participation, as well as industry specialisation
and the process-share of patents across country-industry pairs.

1.4.2 Process-shares in GVCs

To verify technology-industry concordance when merging patent data with input-output
tables, we examine the coherence of our data with findings from survey data. Survey
data classifies firms directly into industries and therefore does not require a concordance
between technological fields and industries. We compare our results with findings from
Rammer (2016) on process vs. product innovations of German companies across differ-
ent industries.

Rammer (2016) finds that coke and petroleum, as well as the food, beverages and to-
bacco industries, have high process-shares of innovations that are cost-saving. High
process-shares of innovations that are quality improving are found in the telecommuni-
cation industry, insurance and R&D services. Industries with very low process-shares
are water supply, water transport, cleaning and other building services.

Figure 6 shows that we obtain a similar pattern by using our patent data to identify
process-shares across industries. Process-shares are especially high in industry C19:
mfg of coke and petroleum products (red), in C10–C12: food, beverages and tobacco
products (orange), but also J62–J63: Computer programming, consultancy and related
activities, information service activities (blue).

However, the former two industries are associated with cost-saving process innovations
according to Rammer (2016) and are placed in our data on the low V Ashare side. A low
share of added value indicates either a downstream position and/or very low levels of
value added in these industries, as explained in Section 1.2.2. J62-J63 is placed on the
high value-adding side and can be linked to service industries which Rammer (2016)
relate to process innovations that are quality-enhancing. Construction is an example of
low process-shares (see Appendix AT3) and falls into the building service industries of
Rammer (2016), who also finds low process-shares.

28For example this might be (as in the case of backward participation) due to assembly and processing activities,
where low value is added to an input which has been only for this activity imported, then being processes at low cost,
and then again re-exported to the origin country for the very last production steps.
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Figure 6: Relationship of process-share of patents and VAshare

Fitted values of process-share of patents on VAshare used, where fitted values stem from regression (6) found in Table
AT8 Appendix 1.7.3

The above findings and stylised facts reproduced in Section 1.3.1 give confidence that
(1) the measure of process-share of patents is appropriate to use and, moreover, (2)
that concordance between technological fields and industries can reproduce outcomes
from survey data on product and process innovation.

With this in mind, we show the results of estimating Equation (1.12), where we test the
relationship between upstreamness and the process-share of patents. The models (1) -
(3) in Table 5 support our hypothesis H2a. Higher upstreamness as measured by UWang

as well as UAntras is associated with lower process-shares of patents. Specifically, model
(1) shows that moving from the lower to the upper percentile of upstreamness, reduces
the average process-share of patents by around 2%. Including the interaction between
upstreamness and specialisation (models (2) and (3)) shows that this relationship is
amplified in those country-industry pairs that hold a relative comparative advantage.

With the interaction term on upstreamness and the specialisation dummy in column (2)
we test hypothesis H2b, and find evidence inline with the hypothesis that specialisation
upstream has a different effect on the process-share than specialisation downstream. Ex-
plicitly, above the 77th percentile of the upstreamness measure UWang (this corresponds
to the value 1.173) specialisation is negatively associated with the process-share. This
means for very upstream country-industry pairs, being specialised corresponds to, on
average, slightly more product than process innovation with respect to non-specialised
industries. However, this effect is very small (around -1.6% for the most upstream
country-industry pair and around -0.3% for country-industry pairs at the 90th per-
centile of upstreamness).

On the other hand, at the 25th percentile of UWang (which corresponds to a value of
0.7347), specialisation is positively linked to around 1% higher process-share of patents.
These small, yet heterogeneous effects of specialisation depending on GVC-position are
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Table 5: OLS regression of process-shares of patents in country-industry pairs on GVC measures
Including country, industry and year fixed effects; robust standard errors clustered at country level in parentheses;
*** p < 0.01, ** p < 0.05, * p < 0.10

Dependent variable: Process-sharec,i,t of patents

GVC-position (1-3) GVC-participation (4-7)
(1) (2) (3) (4) (5) (6) (7)

Countries All All All All All Offshorer Destination
UWang -0.045∗∗∗ -0.035∗∗

(0.014) (0.014)
UAntras -0.012∗∗

(0.006)
RCA*UWang −0.023∗

(0.012)
RCA*UAntras −0.009∗

(0.005)
RCA 0.027∗∗ 0.026∗∗ 0.005 0.015∗∗ 0.005 −0.002

(0.012) (0.011) (0.003) (0.006) (0.006) (0.016)
IMforeign 0.011 0.046∗∗ 0.009 0.114∗

(0.021) (0.023) (0.022) (0.068)
Xforeign 0.007 −0.009 −0.014 −0.042

(0.012) (0.013) (0.013) (0.041)
RCA*IMforeign −0.073∗∗ −0.075∗∗∗ −0.064

(0.030) (0.029) (0.082)
RCA* Xforeign 0.032∗ 0.040∗∗ 0.054

(0.017) (0.016) (0.054)
ln(L-share) 0.002 0.004 0.005 0.006 0.004 0.001 −0.001

(0.004) (0.004) (0.004) (0.004) (0.004) (0.005) (0.008)
ln(Patentsc,i,t) −0.010∗∗∗ −0.011∗∗∗ −0.011∗∗∗ −0.011∗∗∗ −0.011∗∗∗ −0.010∗∗ −0.016∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003) (0.004) (0.005)
Constant 0.726∗∗ 0.676∗∗ 0.652∗∗ 0.587∗ 0.592∗ 0.447 0.402

(0.327) (0.330) (0.331) (0.332) (0.332) (0.470) (0.509)

Controls Yes Yes Yes Yes Yes Yes Yes
Fixed Effects Y,C,I Y,C,I Y,C,I Y,C,I Y,C,I Y,C,I Y,C,I
Observations 7190 7190 7190 7190 7190 3880 2246
R2 0.2828 0.2834 0.2828 0.2817 0.2824 0.4362 0.2091
Adj. R2 0.2756 0.2761 0.2754 0.2743 0.2749 0.4281 0.1903
AIC -9670 -9673 -9666 -9655 -9659 -8818 -1193

very similar when using the alternative measure of upstreamness UAntras in model (3).
Here, specialisation is associated with higher process-share of patents up to the 80th
percentile of upstreamness, at which the association becomes negative.

Turning to the relationship between GVC participation and the process-share of patents,
we show our findings in columns (4) - (7) of Table 5. In our initial specification shown
in column (4) our estimation yields positive coefficients for both backward and forward
participation, which would support our hypothesis H3a. However, these coefficients are
statistically not significant. Considering the important role specialisation has played
in our previous estimations, we therefore include the interaction between GVC par-
ticipation and our RCA-dummy in the following specifications (5)-(7). The findings
are highly insightful. While on the full sample in model (5), which includes all coun-
tries, backward participation seems positively associated with process-share of patents
if not specialised, specialisation turns this relationship into a negative one. Further-
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more, specialisation seems only positively associated with process-share of patents for
a very low share of foreign intermediate input use (low backward participation), while
it turns negative for shares of foreign inputs greater than 0.22. Forward participation
on the other hand is positively associated with process-share of patents for specialised
country-industry pairs only.

As such the above findings are difficult to make reason of. However, splitting the
sample by offshoring countries and offshore destination countries respectively, as done
in columns (6) and (7), sheds light on which group of countries drives which part
of the results: Offshoring countries show for country-industry pairs in which they are
specialised a negative association between backward participation and the process-share
of patents. Offshoring destinations, on the other hand, display a positive link between
backward participation and process-shares of patents, while specialisation does not
matter or at most dampens the positive relationship29. This could suggest that for
offshoring countries strong backward participation might imply offshoring processing
and assembly activities, which can have two effects that impact the process-share of
patents: (1) it can free up resources to conduct product innovations, which is more likely
to happen if an industry is specialised, and (2) activities that require cost-reducing
process innovation might be replaced by low-wage labour in offshoring destination or
the responsibility of process innovation is transferred to offshoring destinations. The
positive association between backward participation and process-share of patents in
offshore destinations is then in line with the last reasoning. Explicitly, conducting the
last downstream activities, such as processing and assembly on behalf of offshoring
countries drives up the share of foreign intermediate inputs used. Innovation efforts
move towards process types through pressure from offshoring countries to comply with
standards and regulations30, as well as pressure to remain competitive as an offshoring
destination in terms of costs and quality. Furthermore, the focus on processing and
assembly could lock countries into low-value adding activities that hinder development
of product innovations that would allow upgrading.

Looking at the other side of GVC participation, namely forward participation, the
results point towards positive effects; however, only the estimated coefficients on the
interaction with the RCA-dummy in the full sample as well as for offshoring countries
achieve statistical significance. Being specialised and strongly exposed to foreign coun-
tries as an export market for intermediates is for offshoring countries associated with
more process innovations.

We summarise these last results as suggestive evidence for hypotheses H3a and H3b,
that state, that GVC-participation has a positive relation with process innovation and

29See also robustness checks in Appendix Tables AT9-AT11.
30This would then also explain the reliance on co-patenting of East Europe, Brazil, and Mexico with western countries,

as well as their relatively larger inventor teams found in Section 1.3
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that this might be stronger for offshore destination countries. First we find that for off-
shoring destinations especially backward participation is associated with higher process-
shares. Intensified GVC participation often means for offshoring destination countries
that processing and assembly activities take place. In order to survive in the inter-
national arena, these business functions rely more heavily on process innovations to
comply with international standards, regulations, and quality levels, as well as remain
cost competitive31. Second, we find that in specialised industries of offshoring countries
process-shares of patents are lower for backward participation but higher for forward
participation. While intensified backward participation for offshoring countries could
indicate, that activities that would require process innovations are offshored to foreign
locations, intensified forward participation could imply stronger international competi-
tion and economies of scale. International competition might require cost-saving pro-
cess adjustments to survive on the global market, while economies of scale, most likely
present when serving foreign markets, make investments into process-innovations more
desirable.

In this respect, we not only unfold the heterogeneous role GVC participation can have
on offshoring vs offshore destination countries, but also highlight the importance of
distinguishing between backward and forward participation.

In additional robustness checks found in Appendix 1.7.3, we take care of (1) the volatility
in our measure for the process-share of patents across time, (2) possible criticism that
including use and utilisation keywords in constructing the process-share of patents
might not necessarily capture process-innovations, and (3) problems with outliers in
which process-share of patents are based on one patent only.

To address the first issue, we rerun the regression using as a dependent variable a
three-year rolling mean of the process-share of patents. Although we lose due to the
construction of the rolling mean variable the first year of observations, our results
(Table AT9) are closely in line with the main results. To address the second concern,
we construct a new measure for our process-share of patents for each country-industry in
which we leave out patents including the keywords "use" and "utilisation". Again, results
resemble our main findings (Table AT10). Lastly, we exclude all observations that are
based on only 3 or fewer patent applications in a given year to address problems in line
with the third concern. This ensures that our process-share of patents in years in which
a country-industry pair only holds one application is biased towards this one outlier
observation. Partially, this issue has already been addressed by the first robustness
check when dealing with volatility in our process-share measure. Once again, the results
remain in line with our main findings (Table AT11), and therefore we are confident to
provide evidence supporting hypotheses H2a, H2b. Robustness checks are also largely

31See evidence by Torres De Oliveira et al. (2021), who show for Vietnamese firms that becoming an international
supplier (i.e. entering activities into GVCs) results in process innovations but not in product innovations.
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in line with our interpretation of our findings considering hypotheses H3a and H3b.

Although we do not find any significant relationship between labour shares and process-
shares of patents, we find that higher patenting activity in a country-industry pair is
associated with lower levels of process-shares across all specifications.

1.5 Our research visualised

In Figure 7 we arrange, for five selected industries, countries according to their average
GVC position (upstreamness) and average process-shares of patents. From this figure,
we can highlight and summarise some important points from our previous discussions.
For example, we observe the relative short value chains in the manufacturing of food,
products, beverages, and tobacco products (top panel), with values ranging between
0.45 and 0.8. We can also see the high average process-shares of patents in this industry
with respect to the others, by comparing the y-intercepts. On the other hand, we find
relative longer value chains in the manufacturing of computer, electronic and optical
products (bottom panel), where values range between 0.45 and 1.15. While we can
observe the variation of upstreamness within an industry, we also find variation across
industries. For example, the chemical industry (panel 3) is more upstream than the
pharma industry (panel 4) as often output of the former is an input for the latter.

In addition to this, we can analyse the position of countries across the different in-
dustries, which highlights the similar business functions a country seems to perform
across industries. A pattern that we can observe across the different industries is the
positioning of East European countries downstream with high process-shares. Asian
countries are further upstream with lower process-shares. Indonesia is here mostly an
exception, setting itself apart from the Asian cluster in a similar position as East Euro-
pean countries. Western countries have a position in the middle of industry-level value
chains. Brazil and Mexico place themselves between East Europe and the West.

High process-shares in Eastern Europe combined with downstream positions within
an industry can be due to their core activities being in labour-intensive assembly and
manufacturing. As labour can often be reduced through process innovations, this could
explain the significant drop in labour shares in this country group, as we have seen in
Figure 2. The geographical and institutional proximity to Western countries, could in
this respect facilitates technology, financial and knowledge transfers to East Europe,
and aid in the development of process innovation, explaining high co-patenting rates
with West Europe and large teams of patent applicants and inventors, as outlined in
Section 1.3.1. Similar stories can be at play for Brazil and Mexico, which rely heavily
on co-patenting with Canada and the US (see Table 2).

A possible reason why Asian country-industry pairs are placed further upstream than
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Figure 7: Functional specialisation in terms of GVC-position and innovation type
Mean values of UWang on the x-axis (note: the further right the higher upstreamness); Mean values of process-shares
of patents on the y-axis; Averages across time for each country-industry pair; Five selected traditional manufacturing
industries; Regions highlighted in different colours.
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East European countries may be their position in more extractive and primary func-
tions. Indonesia, India, and China have, for example, large mineral and energy reserves
(BP, 2022; USGS, 2023). Due to the abundance of mineral and natural resources, these
countries often participate in primary functions of value chains. China and India are,
for example, the largest cotton producers. This also holds for the fourth largest cot-
ton producer, Brazil (Meyer and Dew, 2023), and the largest silver producer, Mexico,
a country rich in mineral and oil reserves, but also an important player in the agri-
cultural sector (Castro et al., 2014). Alternative explanations for the relative lower
process-shares especially in Asia can be (1) that labour cannot be easily substituted
with process innovation and (2) that incentives to carry out labour-substituting process
innovation have been lower than, e.g. in East European countries due to relatively lower
wages or (3) active R&D policies that favour development of product innovation.

In Figure 8 we try to underline the specialisation of counties in business functions rather
than industries. In both panels, we position country-industry pairs in the upstreamness
vs. labour share space. While in the left panel we highlight country-industry pairs for
three different industries, we highlight in the right panel country-industry pairs for 4
different countries. The right panel shows that labour shares, in Bulgaria but even
more so in India, are higher across all industries and years than those in Germany or
in the US. But even more important here is that within a country labour shares vary
little and are on average only slightly higher in downstream than upstream stages. The
rather constant share of labour within countries but across industries is in line with the
findings of Grieveson et al. (2021) and underscores that a country seems to carry out
similar tasks across different industries, rather than specialising in one industry only.

The left panel, as a counter piece to the above, highlights the industries for (i) food
products, beverages, and tobacco (C10–C12), (ii) textiles, wearing apparel, and leather
products (C13–C15), and (iii) chemicals and chemical products (C20). The figure ac-
centuates that labour shares are higher in downstream stages within industries. We see

Figure 8: Relationship between labour shares and upstreamness within industry (left) and within
country (right)
Fitted values stem from regression in Table AT12; Left: highlighted industries are food products, beverages and tobacco
(orange), textiles, wearing apparel and leather products (red), and chemicals and chemical products (blue) Right: high-
lighted countries are India (green), United States (blue), Germany (orange), and Bulgaria (red)
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that the highlighted industries form half-parabola shapes, ranging from very low labour
shares for upstream positions and very high labour shares for some downstream posi-
tions, underscoring the different types of business functions needed within an industry.

In sum, within industries, the variation of different business functions along the GVC
is quite prominent. At the same time, countries specialise in business functions that
are suitable for their given factor endowments and relative factor prices - this can be in
different industries, which, however, require similar business functions to be completed.

1.6 Conclusion

The ever-changing nature of GVCs makes precise measures of country or industry posi-
tion difficult. Different GVC-measures have various shortcomings. We show, how var-
ious measures for upstreamness capture different characteristics of value chains across
industries and countries, due to for example varying global value chain lengths, such
that time trends and rankings can differ. This highlights the care that must be taken
when choosing an appropriate measure for analysis and in the interpretation. We choose
an upstreamness measure in our analysis, that we think can more robustly reflect the
position of country-industry pairs in global value chains, as it adjusts for varying GVC
lengths.

We show that over the period of 2000-2010, global production became increasingly frag-
mented and country-industry pairs in our sample of 38 countries and 20 manufacturing
industries have moved slightly downstream. This could be due to lower-income coun-
tries in our data and the out-of-sample group of countries managing effective upgrading,
resulting in a relatively more downstream position of our sample as a whole. We see,
for example, that the decrease in upstreamness over time is less pronounced for East
European countries. Additionally, our data shows the increasing participation in GVCs
of countries and industries in terms of increasing intermediate input trade with foreign
partners.

The developments of our main independent variables (GVC position and participation)
are put into relation with the process-share of patents, which we show is decreasing over
time. The trends of our process-share measure of patents at the country-industry-year
level are in line with the findings from survey data used by Rammer (2016) and the
findings by Banholzer et al. (2019), who develop and provide the data for the process-
share of patents. This gives confidence that our concordance between technological
fields and industries can yield meaningful insights. Furthermore, in agreement with
survey data, we show that low-value-adding country-industry pairs are marked by little
innovation and is relatively more of process than of product type, which according
to Rammer (2016) are mainly cost-reducing process innovations. On the other hand,
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high value-adding activities show high process-shares if they are related to quality
improvements and are prominent in our data in services such as computer programming
and consultancy.

Concerning the relationship between innovation and GVC measures, we first confirm
findings from previous literature that specialising in a specific manufacturing industry
is important for creating innovative output. Second, we show that patenting, irrespec-
tive of type, is taking place upstream in early GVC stages, though specialisation is
detrimental in driving this correlation. Third, we contribute to the debate on the effect
of GVC-participation on innovation. We show that the relationship between innova-
tion and global participation depends on the role counter-industry pairs play in trade
relationships. Strong backward participation in GVC (that is, sourcing relatively more
inputs from foreign rather than domestic markets) is associated with less innovation.
In contrast, forward participation in GVCs (that is, exporting relatively more inputs
to foreign rather than domestic markets) displays an inverted U-shaped relationship
with innovation - where forward participation is largely associated with greater level of
patenting but fades for very high values of participation and eventually can turn even
negative. Putting findings on backward and forward participation together: a strong
power position in GVCs, in which a country-industry pair has little reliance on foreign
intermediates but simultaneously other countries rely on its output as intermediate in-
puts, is associated with on average high innovative output. This latter finding could
imply that international participation in GVCs is not a sufficient driver for innovation,
but depends on the balance between own dependence on GVC partners and creating,
up to a limit, dependence by GVC participants.

Concerning the relationship of GVC measures with process-share of patents, we hypoth-
esised that product innovations are more likely to occur at the beginning of production
processes where R&D and product design happen, while process innovation takes place
further downstream incentivised by cost-saving reasons, often in the manufacturing,
processing and assembly stages - these are GVC positions for which we also find higher
labour shares. We find in line with our hypothesis higher process-shares in more down-
stream country-industry pairs. This link is even stronger for those country-industry
pairs that hold a relative competitive advantage in the respective industry. Second, we
hypothesised that the role industry specialisation has with respect to process innovation
depends on the position in GVCs. We show evidence that indeed, while specialisation
is associated with a higher process-share of patents for large parts of the value chain,
specialisation in the most upstream country-industry pairs is associated with lower
process-shares of patents. Lastly, the link between GVC participation and type of
innovation seems to be more complex. As offshoring countries and offshoring destina-
tion countries play different roles within GVCs. Intensified backward participation for
example can mean for offshoring destinations becoming locked-in to low-value adding
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business functions where process innovation dominates. This seems not the case for
offshoring countries where backward participation is linked to lower process-shares of
innovation. These results are robust to various measures of upstreamness and variants
of country-industry level measures of process-shares of patents.

Our findings highlight the importance of understanding which country-industry pairs
are marked by what type of innovation. This is important for the selection of optimal
technological policies. While demand-pull policies might work well for developing prod-
uct innovations in country-industry pairs further upstream, with a formal R&D sector,
international standards or carbon prices applied in sectors specialised in downstream
business functions can cause greater incentives to invest in cost-reducing methods. This
could increase investments into process innovations, but also could cause unanticipated
effects of offshoring - a sensitive topic, especially in relation to lock-in of developing
countries in low value-adding production activities as well as in relation to carbon
leakage.

We have shown that a country specialises across different traditional manufacturing
industries in the same business functions: East European countries tend to have high
process-shares and are placed relatively downstream in the manufacturing process. At
the same time, the country group experienced a rapid decline in labour shares during
2000-2010. This can be due to effective upgrading to higher business functions (sup-
ported by findings on decreasing process-shares of patents) and/or due to the substitu-
tion of low-wage labour for process innovation. On the contrary, many Asian countries
show even higher labour shares, but patented process innovations are low. Whether
this is due to specialisation in more extractive industries, active R&D policies that pro-
mote and favour product innovations, or due to little cost incentives to replace labour
for process innovation remains open for future research and can help to understand
the increasing discussion on near-and back-shoring of production activities to decrease
supply chain volatility in an increasingly complex environment.

Our research has important limitations, which we discuss in this paper. They are
related to our choice of input-output tables as well as related to our proxy for process
innovation. Concerning the limitation with respect to the use of WIOD Release 2016
in our analysis, we highlight, besides known difficulties and assumptions, this data
relies one, the issues of the data specific to our analysis. Most importantly, we are
unable to capture large parts of processing activities in the downstream sectors (e.g.
assembly) due to changes in national accounting standards in which processing activities
are under certain circumstances recorded as processing fees rather than value added.
We are likely to therefore classify country-industry pairs active in processing activities
as further upstream than they actually are, which could result in an underestimation
of the negative relationship between process-share of patents and upstreamness.
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With respect to our proxy of process innovation, we want to highlight that unobserved
differences across countries in the propensity to patent product over process innovations
may exist, that could result in a skewed picture our process-share of patents gives
of product vs. process innovation. Additionally, we mention problems of home-bias
and differences in patenting standards across countries. Finally, we do not test for
causality of our relationships. Instead, our regressions only imply correlations. It
would, however, be interesting in future research to understand in which direction the
correlation between upstreamness and process-share of patents is stronger and whether
different types of innovation can help offshoring destinations to upgrade their position
in the value chain to a more upstream position.

Innovation in GVCs, especially product versus process innovation, has not been empir-
ically well researched, while theoretical models exist that incorporate these topics in a
united framework. Our results open up new research possibilities in the field of inno-
vation in global value chains and allow us for the first time to empirically understand
process vs. product innovation on a large scale, namely, in terms of the coverage of
countries and years, industry disaggregation, and type of innovation. Future research
possibilities, therefore, include a more in-depth understanding of (a) factors that might
influence the propensity to patent product and process innovations differently across
countries and industries, (b) the motivation of countries to conduct process innovations
in relation to their GVC-position; (c) the relationship between product vs. process in-
novation and patent quality; and (d) the degree to which upstream product innovation
induces downstream process innovations across different countries and industries.
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1.7 Supplementary Material

1.7.1 Methodology by Banholzer et al. (2019) for the process-share of
patents

In our analysis, we use the dataset provided by Banholzer et al. (2019), which con-
tains different measures on the patent application level that allows the identification of
the process-share of patents. The authors apply keyword search, but also text mining
techniques on patent titles, abstracts, and claims to identify product and process inno-
vations. PATSTAT (a global patent database from the European Patent Office (EPO))
is used to get information on title and abstracts of EPO and USPTO (United States
Patent and Trademark Office) patents. For information of patent claims, EP full-text
data32 and the PTAPPCLM dataset33 from the USPTO are used for EPO and USPTO
patents, respectively.

As we make use of measures to identify process innovation that are based on keyword
search, we focus in this section only on this methodology. Although both process
and product keywords are identified through manual selection by experts, the authors
argue that the list of product keywords is relatively more incomplete than that of
process keywords, since products can be labelled in far more diverse ways. Consequently,
our measure of process innovation is based on process keywords rather than product
keywords. As at the EPO, patents can be filed in one of the three procedural languages
of the EU, the list of process keywords that we copy from Banholzer et al. (2019) in
Table AT1 is in English, French, and German.

Table AT1: Process keywords according to Banholzer et al. (2019) to classify patents into product
or process innovations

English French German

- process - processus - Prozess
- procedure - procedure - Prozedur

- procèdè - Verfahren
- method - mèthode - Methode
- utilization / utilisation - utilisation - Benutzung
- usage - usage - Verwendung
- use - Nutzung

- Anwendung

In our analysis, we decide to make use of patent claims for the identification of process
and product innovations. This is because a patent can cover multiple inventive com-
ponents, let it be a product (e.g. a device) or a process (e.g. a new method), which

32EP full-text data can be found here: https://www.epo.org/en/searching-for-patents/data/bulk-data-sets/
data#tab-2

33PTAPPCLM (Patent and Patent Application Claims Research Dataset for Academia and Researchers Patent and
Patent Application Claims Research Dataset for Academia and Researchers) can be found here: https://data.uspto.
gov/bulkdata/datasets/ptappclm?fileDataFromDate=2016-10-07&fileDataToDate=2016-10-11
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should all be listed in the claims. According to the guidelines by the EPO (2025) a
claim must “define the matter for which protection is sought”. In this sense, patent
claims should include the novelty that comes with that patent in a structured way. Ad-
ditionally, when drafting and filing a patent, claims are the most important component
(more than titles and abstracts), as they determine the extent of the protection sought
through the patent. In this respect, it is also allowed to list the purposes and technical
applications of an invention as a claim (EPO (2025); Part F Chapter IV - p. 1).

The guidelines of the EPO define the structure of the claims, which need to consist
of (a) a preamble that states "the general technical class" an invention falls into, and
an indication to prior-art features (the latter for independent claims only), and (b) a
characterising part, which lists the novel features different from prior-art. Furthermore,
two different types of claim are allowed to be used (1) product claims, which refer to a
physical entity, or (2) process claims, which refer to an activity. The activity here can
be "...exercised upon material products, upon energy, upon other processes, or upon
living things" (EPO (2025); Part F Chapter IV - p. 4).

This well-defined structure of patent claims allows Banholzer et al. (2019) to determine
process and product innovation through the process-keywords introduced in Table AT1
by making use of only the first few words of the claim - namely the preamble - which
usually defines whether a claim is of the process category or not. The example patent
in Figure AF1 has a total of 12 claims. The preamble of claim 1 is "Method for cooling
a motor vehicle engine...", while the preamble of claim 2 is "Device for cooling a motor
vehicle engine ...". Clearly, claim 1 is a product claim, while claim 2 is a process claim.
These first two claims are independent claims, while claims 3-12 are dependent claims.
The difference between independent and dependent patent claims is that the former
contains the "essential features" of the invention while the latter contains "particular
embodiments". Particular embodiments are more specific and detailed description of
the invention than what is stated in an independent claim. As such, any dependent
claim must refer directly or indirectly to an independent claim when elaborating its
details (EPO (2025); Part F Chapter IV- p. 7). In the example patent, claims 3-12,
therefore, refer either to claim 1, to claim 2, or to another dependent claim, which
then refers to one of the independent claims. We make use of only independent patent
claims, as these should reflect the most relevant parts of the innovation and not parts,
which are only added for strategic reasons.

While in the example patent the keyword term which identifies process claims is the
very first word of the claim, it might happen that articles, prepositions, and other type
of words, make the systematic identification of process keywords, which belong to the
preamble and not to the characterising part of the claim difficult. A long list of stop
words are therefore removed before then classifying a claim into a process claim or not,
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depending on whether a process keyword is present in either the first two or the first
five words of the pre-processed claim text. We make use of the measure that uses only
the first two words of the pre-processed claim text to identify process claims, as this
avoids wrongly identifying claims as process claims, which are actually product claims.
This is because a process keyword might appear as e.g. the fifth word in a claim, but
this part may no longer belong to the preamble but rather to the characterising body
of the claim. For the second word in a pre-processed claim text this is highly unlikely.
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Figure AF1: Example patent application at the EPO with priority year 2000
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1.7.2 Countries and Industries

Table AT2: List of countries and their classification into different country groups

Country Code top Innovators Region Typical offshoring...

AU AU, CA, US ...country
AT Western Europe ...country
BE Western Europe ...country
BG Eastern Europe ...destination
BR MX, BR ...destination
CA top 12 AU, CA, US ...country
CH top 12 Western Europe ...country
CN top 12 Asia ...destination
CZ Eastern Europe ...destination
DE top3 Western Europe ...country
DK Western Europe ...country
ES Western Europe ...country
EE Eastern Europe ...country
FI Western Europe ...country
FR top 12 Western Europe ...country
GB top 12 Western Europe ...country
GR Eastern Europe ...destination
HR Eastern Europe ...destination
HU Eastern Europe ...destination
ID Asia ...destination
IN Asia ...destination
IE Western Europe ...country
IT top 12 Western Europe ...country
JP top 3 Asia
KR top 12 Asia
LT Eastern Europe ...destination
LV Eastern Europe ...destination
MX MX, BR ...country
NL top 12 Western Europe ...country
NO Western Europe ...country
PL Eastern Europe ...country
PT Western Europe ...country
RO Eastern Europe ...country
SK Eastern Europe ...destination
SI Eastern Europe ...destination
SE Western Europe ...country
TW top 12 Asia
US top 3 AU, CA, US ...country
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Table AT3: List of industries with their average process-share across countries and average number
of patents in the respective industry over the years 2001-2010

Industry Process-share Patents Description

C10-C12 0.213 5,874 Mfg. of food products, beverages and tobacco products
C13-C15 0.137 2,545 Mfg. of textiles, wearing apparel and leather products

C16 0.284 149 Mfg. of wood and of products of wood and cork, except furniture; Mfg. of
articles of straw and plaiting materials

C17 0.227 761 Mfg. of paper and paper products
C18 0.154 999 Printing and reproduction of recorded media
C19 0.248 1,063 Mfg. of coke and refined petroleum products
C20 0.169 32,660 Mfg. of chemicals and chemical products
C21 0.142 45,389 Mfg. of basic pharmaceutical products and pharmaceutical preparations
C22 0.191 6,153 Mfg. of rubber and plastic products
C23 0.181 6,954 Mfg. of other non-metallic mineral products
C24 0.211 2,513 Mfg. of basic metals
C25 0.078 7,335 Mfg. of fabricated metal products, except machinery and equipment
C26 0.174 185,891 Mfg. of computer, electronic and optical products
C27 0.073 31,569 Mfg. of electrical equipment
C28 0.124 85,985 Mfg. of machinery and equipment n.e.c.
C29 0.08 17,285 Mfg. of motor vehicles, trailers and semi-trailers
C30 0.065 4,037 Mfg. of other transport equipment

C31-C32 0.099 50,517 Mfg. of furniture; other mfg.
F 0.083 3,789 Construction

J62-J63 0.214 8,995 Computer programming, consultancy & rel. activities; info. services

1.7.3 Additional Tables

Table AT4: Correlation among Country-Industry-Year Measures

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
(1) P-share 1
(2) Patents -0.071 1
(3) VAshare -0.047 0.098 1
(4) UAntras 0.126 -0.037 -0.227 1
(5) UWang 0.162 -0.003 0.222 0.857 1
(6) DAntras -0.065 -0.065 -0.844 0.260 -0.253 1
(7) IMforeign 0.067 -0.107 -0.208 0.035 -0.024 0.097 1
(8) Xforeign 0.020 -0.013 -0.128 0.021 -0.016 0.060 0.753 1
(9) RS-index 0.101 -0.003 0.081 -0.007 0.024 -0.064 0.003 -0.007 1
(10) RCA 0.043 0.043 0.108 0.037 0.069 -0.063 -0.095 -0.098 0.569 1
(11) Pers./VA 0.053 -0.055 -0.076 -0.134 −0.168 0.081 −0.141 −0.120 0.069 0.045
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Table AT5: Within county-industry development of process-share of patents over the years 2001-2010
Robust standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.10

Dependent variable: Process-share

(1) (2) (3) (4)

All east Europe west Europe Asia

Year −0.003∗∗∗ −0.006∗∗∗ −0.001∗∗ −0.002∗∗

(0.0004) (0.001) (0.0004) (0.001)

Constant 5.236∗∗∗ 13.209∗∗∗ 2.011∗∗ 4.876∗∗

(0.872) (2.956) (0.866) (1.905)

Country*Industry FE Yes Yes Yes Yes
Observations 7,191 1,688 3,221 1,217
R2 0.430 0.350 0.518 0.487
Adjusted R2 0.365 0.252 0.469 0.431

Table AT6: Ranking of most downstream and upstream country-industry pairs
Left: 10 most downstream country-industry pairs according to Uforeign measure; Right: 10 most upstream country-
industry pairs according to Uforeign measure; Across year averages

Industry Country UWang

F CN 0.339
F KR 0.416
F TW 0.44

C31_C32 BG 0.467
F ID 0.469

C10-C12 LT 0.489
C26 MX 0.492
C30 EE 0.493
C29 BE 0.496
C30 BR 0.496

Industry Country UWang

J62_J63 ID 1.479
C20 IE 1.498
C18 SI 1.515
C24 LT 1.546
C18 CH 1.577
C18 NO 1.589
C19 ID 1.596
C18 JP 1.619
C24 CA 1.646
C20 SE 1.69
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Table AT7: Within County-Industry development of GVC-measures over 2000-2010 with year dum-
mies
Columns (1)-(4) on GVC-position, (5)-(6) on GVC-participation and (7) on industry specialisation
Robust standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.10

Dependent variables:

VAshare UAntras DAntras UWang IMforeign Xforeign RS
(1) (2) (3) (4) (5) (6) (7)

2001 −0.0005 −0.004 −0.006 0.001 −0.001 0.003 0.004
(0.002) (0.006) (0.005) (0.003) (0.002) (0.004) (0.029)

2002 0.001 −0.002 −0.023∗∗∗ 0.008∗∗∗ −0.005∗∗ 0.010∗∗ −0.055∗
(0.002) (0.006) (0.005) (0.003) (0.002) (0.004) (0.029)

2003 0.001 0.009 −0.002 0.004∗ −0.002 0.016∗∗∗ −0.132∗∗∗
(0.002) (0.006) (0.005) (0.003) (0.002) (0.004) (0.029)

2004 −0.004∗∗ 0.030∗∗∗ 0.033∗∗∗ 0.0004 0.011∗∗∗ 0.031∗∗∗ −0.150∗∗∗
(0.002) (0.006) (0.005) (0.003) (0.002) (0.004) (0.029)

2005 −0.009∗∗∗ 0.045∗∗∗ 0.067∗∗∗ −0.007∗∗∗ 0.018∗∗∗ 0.039∗∗∗ −0.164∗∗∗
(0.002) (0.006) (0.005) (0.003) (0.002) (0.004) (0.029)

2006 −0.016∗∗∗ 0.070∗∗∗ 0.113∗∗∗ −0.014∗∗∗ 0.028∗∗∗ 0.048∗∗∗ −0.195∗∗∗
(0.002) (0.006) (0.005) (0.003) (0.002) (0.004) (0.029)

2007 −0.020∗∗∗ 0.093∗∗∗ 0.141∗∗∗ −0.015∗∗∗ 0.031∗∗∗ 0.056∗∗∗ −0.202∗∗∗
(0.002) (0.006) (0.005) (0.003) (0.002) (0.004) (0.029)

2008 −0.022∗∗∗ 0.096∗∗∗ 0.159∗∗∗ −0.021∗∗∗ 0.035∗∗∗ 0.061∗∗∗ −0.228∗∗∗
(0.002) (0.006) (0.005) (0.003) (0.002) (0.004) (0.029)

2009 −0.012∗∗∗ 0.076∗∗∗ 0.070∗∗∗ 0.004 0.016∗∗∗ 0.041∗∗∗ −0.234∗∗∗
(0.002) (0.006) (0.005) (0.003) (0.002) (0.004) (0.029)

2010 −0.016∗∗∗ 0.131∗∗∗ 0.159∗∗∗ −0.006∗∗ 0.043∗∗∗ 0.061∗∗∗ −0.246∗∗∗
(0.002) (0.006) (0.005) (0.003) (0.002) (0.004) (0.029)

Constant 0.320∗∗∗ 1.613∗∗∗ 2.469∗∗∗ 0.661∗∗∗ 0.186∗∗∗ 0.073∗∗∗ 0.915∗∗∗
(0.010) (0.030) (0.028) (0.015) (0.011) (0.021) (0.156)

Ctry*Ind. FE Yes Yes Yes Yes Yes Yes Yes
Observations 7,191 7,191 7,191 7,191 7,191 7,191 7,191
R2 0.929 0.979 0.934 0.970 0.962 0.943 0.799
Adjusted R2 0.921 0.977 0.926 0.967 0.958 0.937 0.775
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Table AT8: OLS regression of process shares of patents in country-industry-year pairs on GVC
measures;
Including year fixed effects; robust standard errors clustered on country-level in parentheses;
*** p < 0.01, ** p < 0.05, * p < 0.10

Dependent variable: Process-sharec,i,t

(1) (2) (3)

VAshare −0.064∗∗∗ −0.698∗∗∗ −0.451∗∗∗
(0.016) (0.064) (0.068)

(VAshare)2 0.886∗∗∗ 0.536∗∗∗
(0.084) (0.088)

ln(L-share) 0.006∗∗∗ −0.013∗∗∗
(0.002) (0.003)

ln(GDP p.c.) −0.018∗∗∗
(0.005)

ln(GDP) −0.003∗∗
(0.002)

ln(Patents) −0.016∗∗∗
(0.001)

UWang 0.069∗∗∗
(0.007)

Constant 0.182∗∗∗ 0.305∗∗∗ 0.417∗∗∗
(0.008) (0.014) (0.046)

Fixed Effects Y Y Y
Countries All All All
Observations 7191 7191 7191
R2 0.0047 0.0214 0.1251
Adj. R2 0.0032 0.0196 0.1231
AIC -7436 -7554 -8352
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Table AT9: OLS regression of 3-year rolling mean of process shares of patents in country-industry
pairs on GVC measures
Including country, industry and year fixed effects; robust standard errors clustered at country level in parentheses;
*** p < 0.01, ** p < 0.05, * p < 0.10

Dependent variable: 3-year rolling mean of Process-sharec,i,t

GVC-position (1-3) GVC-participation (4-7)
(1) (2) (3) (4) (5) (6) (7)

Countries All All All All All Offshorer Destination
UWang −0.034∗∗∗ −0.023∗∗

(0.008) (0.009)
UAntras −0.009∗∗

(0.004)
RCA*UWang −0.024∗∗∗

(0.008)
RCA*UAntras −0.009∗∗∗

(0.003)
RCA 0.027∗∗∗ 0.025∗∗∗ 0.004∗ 0.012∗∗∗ 0.0002 −0.003

(0.007) (0.007) (0.002) (0.004) (0.004) (0.010)
IMforeign 0.011 0.042∗∗∗ 0.008 0.098∗∗

(0.013) (0.016) (0.015) (0.045)
Xforeign 0.006 −0.009 −0.014 −0.039

(0.007) (0.008) (0.008) (0.026)
RCA*IMforeign −0.067∗∗∗ −0.045∗∗ −0.089∗

(0.019) (0.019) (0.053)
RCA*Xforeign 0.032∗∗∗ 0.031∗∗∗ 0.071∗∗

(0.011) (0.010) (0.034)
ln(L-share) 0.001 0.002 0.003 0.004 0.003 −0.001 −0.002

(0.002) (0.003) (0.002) (0.002) (0.002) (0.003) (0.005)
ln(Patentsc,i,t) −0.009∗∗∗ −0.009∗∗∗ −0.009∗∗∗ −0.009∗∗∗ −0.009∗∗∗ −0.010∗∗∗ −0.010∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.004)
Constant 0.730∗∗∗ 0.687∗∗∗ 0.679∗∗∗ 0.622∗∗∗ 0.623∗∗∗ 0.472 0.597∗

(0.228) (0.230) (0.230) (0.229) (0.229) (0.311) (0.346)

Controls Yes Yes Yes Yes Yes Yes Yes
Fixed Effects Y,C,I Y,C,I Y,C,I Y,C,I Y,C,I Y,C,I Y,C,I
Observations 6422 6422 6422 6422 6422 3516 1942
R2 0.5086 0.5098 0.5091 0.5075 0.5087 0.656 0.4168
Adj. R2 0.5032 0.5042 0.5035 0.5019 0.503 0.6506 0.4011
AIC -15413 -15425 -15416 -15396 -15407 -11276 -3225
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Table AT10: OLS regression of process shares of patents without use and utilisation keywords in
country-industry pairs on GVC measures
Including country, industry and year fixed effects; robust standard errors clustered at country level in parentheses;
*** p < 0.01, ** p < 0.05, * p < 0.10

Dependent variable: Process-no-use-sharec,i,t

GVC-position (1-3) GVC-participation (4-7)
(1) (2) (3) (4) (5) (6) (7)

Countries All All All All All Offshorer Destination
UWang −0.039∗∗∗ −0.029∗∗

(0.014) (0.014)
UAntras −0.010∗

(0.006)
RCA*UWang −0.023∗

(0.012)
RCA*UAntras −0.009∗

(0.005)
RCA 0.026∗∗ 0.025∗∗ 0.004 0.014∗∗ 0.005 −0.004

(0.012) (0.011) (0.003) (0.006) (0.006) (0.016)
IMforeign 0.009 0.044∗ 0.005 0.106

(0.021) (0.023) (0.022) (0.068)
Xforeign 0.007 −0.009 −0.012 −0.042

(0.012) (0.013) (0.013) (0.040)
RCA*IMforeign −0.072∗∗ −0.080∗∗∗ −0.058

(0.030) (0.028) (0.082)
RCA*Xforeign 0.033∗ 0.044∗∗∗ 0.051

(0.017) (0.015) (0.054)
ln(L-share) 0.003 0.004 0.005 0.006 0.004 0.001 0.0002

(0.004) (0.004) (0.004) (0.004) (0.004) (0.005) (0.008)
ln(Patentsc,i,t) −0.010∗∗∗ −0.010∗∗∗ −0.010∗∗∗ −0.010∗∗∗ −0.011∗∗∗ −0.010∗∗ −0.014∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003) (0.004) (0.005)
Constant 0.707∗∗ 0.660∗∗ 0.639∗ 0.581∗ 0.586∗ 0.453 0.394

(0.326) (0.329) (0.330) (0.331) (0.331) (0.474) (0.505)

Controls Yes Yes Yes Yes Yes Yes Yes
Fixed Effects Y,C,I Y,C,I Y,C,I Y,C,I Y,C,I Y,C,I Y,C,I
Observations 7190 7190 7190 7190 7190 3880 2246
R2 0.2752 0.2759 0.2753 0.2744 0.2752 0.424 0.2033
Adj. R2 0.268 0.2684 0.2679 0.267 0.2675 0.4157 0.1844
AIC -9882 -9884 -9879 -9870 -9873 -8904 -1244
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Table AT11: OLS regression of process shares of patents in country-industry pairs on GVC measures
including only country-industry pairs with more than 3 patents in a year observation
Including country, industry and year fixed effects; robust standard errors clustered at country level in parentheses;
*** p < 0.01, ** p < 0.05, * p < 0.10

Dependent variable:
Process share (only c-i pairs with more than 3 patents)

GVC-position (1-3) GVC-participation (4-7)
(1) (2) (3) (4) (5) (6) (7)

Countries All All All All All Offshorer Destination
UWang −0.034∗∗∗ −0.028∗∗∗

(0.008) (0.009)
UAntras −0.011∗∗∗

(0.004)
RCA*UWang −0.014∗

(0.008)
RCA*UAntras −0.004

(0.003)
RCA 0.015∗ 0.010 0.0003 0.011∗∗∗ 0.001 −0.009

(0.008) (0.008) (0.002) (0.004) (0.005) (0.012)
IMforeign −0.012 0.023 0.002 0.078

(0.014) (0.017) (0.018) (0.058)
Xforeign 0.007 −0.010 −0.016∗ −0.022

(0.007) (0.009) (0.009) (0.035)
RCA*IMforeign −0.080∗∗∗ −0.062∗∗∗ −0.024

(0.019) (0.023) (0.061)
RCA*Xforeign 0.036∗∗∗ 0.042∗∗∗ 0.016

(0.011) (0.012) (0.042)
ln(L-share) −0.005∗ −0.004∗ −0.003 −0.003 −0.005∗ −0.006∗∗ −0.014∗∗

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.006)
ln(Patentsc,i,t) −0.012∗∗∗ −0.012∗∗∗ −0.012∗∗∗ −0.013∗∗∗ −0.013∗∗∗ −0.013∗∗∗ −0.018∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.006)
Constant 0.362 0.348 0.335 0.307 0.320 0.103 0.110

(0.232) (0.234) (0.234) (0.235) (0.234) (0.322) (0.397)

Controls Yes Yes Yes Yes Yes Yes Yes
Fixed Effects Y,C,I Y,C,I Y,C,I Y,C,I Y,C,I Y,C,I Y,C,I
Observations 6035 6035 6035 6035 6035 3657 1420
R2 0.4391 0.4394 0.4386 0.4375 0.4394 0.5571 0.3086
Adj. R2 0.4324 0.4325 0.4318 0.4306 0.4324 0.5504 0.2823
AIC -14517 -14517 -14509 -14496 -14513 -10605 -2298
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Table AT12: OLS regression of Labour share in country-industry pairs on upstreamness;
Including country, industry and year fixed effects; robust standard errors clustered on country level in parentheses;
*** p < 0.01, ** p < 0.05, * p < 0.10

Dependent variable:
Labour share (Persons engaged / VA)

(1) (2) (3) (4)
UWang −0.052∗∗∗ −0.218∗∗∗ −0.216∗∗∗ −0.218∗∗∗

(0.013) (0.069) (0.065) (0.064)
(UWang)2 0.083∗∗∗ 0.083∗∗∗ 0.085∗∗∗

(0.031) (0.030) (0.029)
log(GDP p.c.) −0.644∗∗∗ −0.626∗∗∗

(0.138) (0.136)
log(GDP) 0.106 0.102

(0.133) (0.132)
Patentingc,i (log) −0.009∗∗∗

(0.003)
Constant 0.129∗∗∗ 0.202∗∗∗ 5.612∗∗∗ 5.520∗∗∗

(0.017) (0.037) (0.537) (0.534)

Fixed Effects Y,C,I Y,C,I Y,C,I Y,C,I
Countries All All All All
Observations 7191 7191 7191 7191
R2 0.4137 0.4147 0.474 0.4755
Adj. R2 0.4082 0.4091 0.4689 0.4703
AIC -9116 -9126 -9891 -9909

Table AT13: Within County-Industry development of labour shares
Measured as the number of persons engaged per VA over 2000-2010;
robust standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.10

Dependent variable: Labour share
All east Europe west Europe Asia
(1) (2) (3) (4)

Year −0.010∗∗∗ −0.019∗∗∗ −0.001∗∗∗ −0.022∗∗∗
(0.0004) (0.001) (0.00003) (0.001)

Constant 19.112∗∗∗ 39.051∗∗∗ 2.832∗∗∗ 43.590∗∗∗
(0.719) (2.229) (0.057) (2.650)

Country*Industry FE Yes Yes Yes Yes
Observations 7,191 1,688 3,221 1,217
R2 0.707 0.490 0.804 0.800
Adjusted R2 0.673 0.413 0.783 0.779
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1.7.4 Additional Figures

Figure AF2: Number of patents and process-shares across different industries
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Figure AF3: Missing number of observations for a balanced panel per country
For a balanced panel there should be 220 observations per country. This is the case for 13 countries; the reason we have
an unbalanced panel is no patenting in some of the country-industry pairs in some years

Figure AF4: Number of total patents, pure product patents, pure process patents and mixed patents
over the years 2000–2010; Within country-group and year count of patents; all axis log-transformed; patent count
before weighing patents into country-industry pairs
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Figure AF5: Distribution of the independent variable Patentsc,i,t
used in e.g. Regression Table 4; left: no logarithmic transformation; right: logarithmic transformed (as used in analysis);
No zero entries present in non-logarithmic data, as country-industry pairs with no patents in a given year are removed
from the data as outlined in Section 1.2.

Figure AF6: Distribution of the independent variable Psharec,i,t
Peak at 0 and 1 indicate respectively pure product patents and pure process patents; Note that patents are here already
attributed and weighted into their respective country-industry pairs
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