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Abstract

Current debates on the social returns of Intellectual Property Right (IPR) systems deal with the
presumed negative effects of two practices: IPR bundling and the strong concentration of IPRs in
certain firms and industries. These debates are hampered by the lack of empirical evidence on IPR
application practices. This study presents unique and comprehensive data about firm-level IPR
application practices in the Netherlands. We develop a taxonomy based on the firm-level variety
and intensity of IPR applications. We identify five archetypes of IPR applicants: patent rookies,
trademark rookies, IPR strategists, IPR specialists and IPR generalists. Our findings show that a
few large firms in high-tech industries combine high IPR application variety and high IPR
application intensity. However, high variety is also associated with low intensity and low variety
1

with high intensity. For a large majority of the firms, IPR application is equivalent to single
trademark application or the ad hoc application of another IPR. We discuss the implications of our
findings for current IPR debates and for further research.

Keywords: intellectual property rights; taxonomy; policy

JEL codes: O34, 039

1. Introduction
Intellectual Property Right (IPR) systems are designed to ensure that market failures related
specifically to the characteristics of intellectual property are solved, or at least mitigated, for
the benefit of society as a whole. Whether these beneficial effects materialize, crucially depends
on the actual practices for which IPRs are used (Dosi et al., 2006). Certain practices may
endanger dynamic competition, with consequences for the social returns of IPRs (Greenhalgh
and Rogers, 2012). Two such practices have triggered the most recent debates on the ‘bundling’
of different IPRs to optimize appropriation strategies on the one hand, and the concentration of
specific types of IPR in some firms and sectors on the other.
With respect to the bundling of different types of IPR, the first reason for concern is
that bundling practices can cause long, complicated and costly infringement battles
(Czarnitzki and Van Criekingen, 2018). For example, the Apple versus Samsung battle
involved the alleged infringement of eight utility patents, seven design patents, and six trade
dress rights (Carani, 2012). These legal battles, spread across several international courts,
have cost hundreds of millions of dollars and resulted in several rulings and appeals (CNN,
2018). The second concern is the expansion of what can be protected by specific IPRs,
creating significant overlaps between the application scope of different IPRs in a certain
system (Moffat, 2004; Derclaye and Leistner, 2011). For example, trademarks covering the
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trade dress of a product, including its shape (O’Connor, 2014), may overlap with other IPRs
that protect product aesthetics, such as design rights and utility models. Overlapping rights
may have unintended consequences for society when they foster overprotection (BeckermanRodau, 2010) and possibly endanger the specific goals of each IPR system (Derclaye and
Leistner, 2011).
With respect to the issue of the high concentration of IPRs, various studies have
addressed the rush on patent applications by firms in specific industries. This rush has been
caused by the expansion of what can be patented, but also relates to practices of strategic
patenting, which may lead to patent thickets (Shapiro, 2000; von Graevenitz et al., 2011). One
main concern is that dense patent positions held by incumbents may cause excessive barriers
to market entry. There is evidence that these barriers restrict access to new scientific and
technological discoveries for potential entrants (Jaffe, 2000; Cohen, 2004; Louwaars et al.,
2009) because a dense web of IPRs may impede further innovation in cumulative
technologies by other firms. Moreover, Lanjouw and Shankerman (2004) found that the
litigation risk is much higher for patents owned by individuals and firms with relatively small
patent portfolios, while Beebe and Hemphill (2017) found a similar result in a study of
trademarks. This might be a consequence of a lack of resources to enforce IPRs, which in turn
may reinforce practices of under-protection, where SMEs in particular will apply less
frequently for IPRs than expected by the IPR system objectives. Filitz et al. (2015) discussed
similar concerns with respect to the case of design rights, while Louwaars et al. (2009)
reported a decrease in the number of breeders’ rights applicants and a higher share of
application numbers for the top-five applicants in plant varieties at the CPVO (Community
Plant Variety Office, EU) in some crop groups. In summary, this may indicate that a skewed
distribution of IPRs in an industry has consequences for the appropriation regimes that SMEs
must deal with. Firms may experience limitations in protecting their IP or may even consider
3

market entry to be inhibited because of the barriers imposed by strong IPR positions of the
established firms in an industry.
Despite these important debates, we still have a rather unclear picture of actual IPR
application practices. The legal literature tends to focus on specific cases based on court
evidence and often turns to moral arguments. At the same time, economists have produced
several large-scale empirical studies on the use and implications of IPRs (see CandelinPalmqvist et al., 2012; and Hall et al., 2014, for two recent reviews). Nevertheless, existing
studies still provide a fragmented picture of IPR application practices. The extent to which
firms combine IPRs, as well as the levels of concentration of IPRs, both remain unclear. This
is predominantly due to a lack of integrated databases containing all IPR types and all firms
applying for IPRs. As our literature review will show, existing empirical evidence is limited
to specific sectors, specific firm types (only large firms or only start-ups) and specific IPRs
(predominantly patents). Consequently, a comprehensive empirical assessment of IPR
application practices is lacking.
The aim of the current study is to inform the two IPR debates by exploiting a unique
dataset of a national population of corporate IPR applicants. This dataset allowed us to build
the very first taxonomy of firm-level IPR application practices, revealing five main
archetypes. To link to the policy debates on IPR bundling and concentration, we focused on
two firm-level measures: IPR variety and IPR intensity. Firm-level IPR variety is defined here
as the number of IPR types a firm has applied for in a given timeframe, while a firm’s IPR
intensity is defined as the frequency of applications for a specific IPR type in the same
timeframe.
The structure of the remainder of this paper is as follows: Section 2 will review the
literature on firm-level IPR application practices, while Section 3 will explain the data
collection and data matching. Section 4 will present the descriptive statistics, and Section 5
4

will present our taxonomy, revealing five archetypes of firms, each following different IPR
application practices. In the final section, we will discuss the implications of our findings for
the policy debates around IPRs and outline an agenda for future research into the economics
of IPRs.

2. Literature review of firm-level studies into IPR application
practices

Since the late 1970s, a large number of studies have been conducted to gain an understanding
of the role and importance of IPRs in innovation processes in different industries (see the review
in Hall et al., 2014). However, most studies have not considered the aspect of variety in the use
of IPRs, and predominantly focus on the role of patents, tending to ignore other IPRs (CandelinPalmqvist et al., 2012). Several economics scholars, however, have emphasized the importance
of looking beyond patents. For example, Graham (2008, p. 159) pointed to the need to look at
the combination of IPRs in innovation research:
In reality, in today’s world, the innovation process has many layers, and often involves
complex technologies, with potentially thousands of individual ‘inventions’ embodied
in a single product … . If we abstract away from the single ‘invention,’ to the innovation
process or the complex product, it becomes apparent that different types of IP may serve
in a complementary manner. Accordingly, these different mechanisms may bring
benefits to the entrepreneur simply through their coincident use.

The focus of our review will be those empirical studies that have covered more than one IPR.
Table 1 lists these studies, including the data source used and their coverage, in terms of
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geography, IPR variety and firms, together with the key results. Basically, the data used
originated from two data sources: (i) innovation surveys, including the CIS series and (ii) IPR
registers.
-------------------------------------------------------TABLE 1 about here
-------------------------------------------------------

The initial studies were based on the distribution of innovation surveys. They revealed
the variety in both formal and informal appropriation measures but were constrained by the
well-known limitations of survey studies: they sampled firms, the information was selfreported, and it did not include IPR intensities. Several widely distributed national surveys,
such as the French, German, Canadian and Spanish innovation panels, are included in Table 1
(Mairesse and Mohnen, 2004; Licht and Zoz, 1998; Rammer, 2007; Thomä and Bizer, 2013;
Amara et al., 2008; Hanel, 2008; Brem et al., 2017). Moreover, the use of IPRs in instruments
such as the Community Innovation Surveys (CIS) (Blind et al., 2003; Livesey and Moultrie,
2008; Peneder, 2010) was always self-reported using a simple dichotomy (y/n). Revilla and
Fernandez (2012) used the number of years during which a firm declared it had filed a certain
type of IPR as a proxy for application intensity.
Another limitation of these survey-based studies was the underrepresentation of SMEs
and small firms particularly. This also applies to most studies in the middle rows of Table 1,
where survey data were combined with firm-level IPR data from various IPR registers (Cohen
et al., 2000; Gallié and Legros, 2012; Neuhäusler, 2012). Most of these survey studies, which
include data from IPR registers, only considered patent and trademark applications. Yet another
concern was the lack of depth on IPRs, as the main focus of most surveys was to study
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innovation and not IPRs as such. Therefore, the number and scope of the questions devoted to
IPRs was typically very limited.
Survey-based innovation studies, nevertheless, have provided some important insights
into IPR variety in innovative sectors (Amara et al., 2008; Blind et al., 2003; Mairesse and
Mohnen, 2004; Hanel, 2008; Livesey and Moultrie, 2008; Gallié and Legros, 2012; Neuhäusler,
2012) and for different firm sizes (Kitching and Blackburn, 1998; Leiponen and Byma, 2009;
Munari and Santoni, 2009; Thomä and Bizer, 2013). The general contribution of all of these
studies has been to draw attention to the fact that firms can use a combination of IPRs to
appropriate rents from innovation, but with significant differences across firm sector and size.
In the past two decades, the number of studies using data from IPR registers has risen
substantially (see also the review by Candelin-Palmqvist et al., 2012). Researchers have put
considerable effort into the matching of patents and/or trademarks with firm-level economic
data. Matching IPRs has proven to be doable for specific industry-focused and technology
studies, but not yet in studies with a broad approach to industries or technologies . A detailed
account of the matching efforts is provided by Thoma et al. (2010) and Munari (2013). A few
focused studies matched more than one type of IPR at the firm level, usually patents and
trademarks. These studies are listed at the bottom of Table 1. Some of these studies covered a
limited number of firms, which were predominantly large (Daizadeh, 2009; Sandner and Block,
2011). Most of them, like our own study, aimed to achieve a broad coverage of firms across all
sectors and sizes by matching IPR and firm data either at the firm level (Greenhalgh and Rogers,
2006; Millot, 2012; Filitz and Tether, 2015a) or by comparing aggregated IPR and firm data at
the sector level (USPTO, 2012; EUIPO/EPO, 2016).
In terms of variety, a handful of studies investigated patent-trademark combinations,
either in specific sectors (Amara et al., 2008), in large firms (Daizadeh, 2009; Sandner and
Block, 2011) or in a limited number of SMEs (Munari and Santoni, 2009). Studies by
7

Greenhalgh and Rogers (2006) and Millot (2012) covered a broad range and found higher rates
of firms applying for both patents and trademarks, and especially by large firms in high-tech
manufacturing sectors and knowledge-intensive services. Amara et al. (2008) also studied the
use of design rights and showed that firms in Knowledge-Intensive Business Services (KIBS)
relied simultaneously on patents, design rights and trademarks.
In terms of intensity, studies that included information on application volumes revealed
that both the propensity to innovate and the use of IPRs increased strongly with firm size
(Jensen and Webster, 2006) and also varied strongly between firms in different sectors
(Greenhalgh and Rogers, 2006; Millot, 2012). Studies focusing on both patent and trademark
intensities (Greenhalgh and Rogers, 2006; Daizadeh, 2009; Sandner and Block, 2011) found a
strong correlation with R&D spending at firm level. Filitz and Tether (2015a) found differences
in application intensity levels between similar firms (same sector and size class) in Germany
and the UK for three types of IPR.
To conclude, we can identify two gaps in the literature. Firstly, most contributions only
provided a fragmented picture of IPR application practices because they only considered a
specific group of firms, sectors, or only two types of IPR. The combination of patents and
trademarks was researched quite extensively. However, little is known about other
combinations, such as patents and design rights, or trademarks and design rights. Secondly,
several contributions analysed variety or intensity, but always separately, as the relationship
between variety and intensity could not be considered due to limitations of the data. Therefore,
this paper aims to provide a full account of the firm-level variety and intensity of IPR
applications and their relationship, across all sectors and sizes in a single country, and covering
all types of IPR filed at official registers. Below, we introduce our database and the empirical
analysis that will allow us to develop a taxonomy of IPR application practices based on the
measurement of both variety and intensity.
8

3. Data collection and data matching
3.1 Data collection
The Netherlands Patent Office (OCNL), in cooperation with the BOIP (Benelux Office for
Intellectual Property) and Panteia Business Research, linked all patent, design rights and
trademark applications by Dutch firms between 2006 and 2010 – made to the EPO (European
Patent Office, patents), the WIPO (World Intellectual Property Organization, patents), the
OCNL (patents), the EUIPO (European Intellectual Property Office, trademarks and design
rights) and the BOIP (trademarks and design rights) – to business register data (the REACH
database 1 of the Bureau van Dijk and the Dutch LISA employment register, 2 both based on the
register of the Dutch Chamber of Commerce). IPR applications by Dutch firms that were filed
directly at other national offices (such as the patent and trademark offices of the US, Japan or
Germany) were not taken into account. Only firms registered at the Dutch Chamber of
Commerce were considered. Therefore, IPR applications by foreign firms (not registered at the
Dutch Chamber of Commerce) at Dutch national IPR offices were also excluded.
The goal of the matching procedure was to maximize the matching percentage, which
is the share of firm applicants matched to firms in the firm register and reach a level higher than
80% to obtain an unbiased picture of the distribution and use of different forms of IP protection
among firms. We started by matching the applicant name and address data for patent, trademark
and design rights applicants to firm register data. Because of the importance of horticulture for
the Dutch economy, breeders’ rights applications by Dutch firms were also added. NACE codes
and size classes were taken from the LISA Employment register, based on the register of the

1
2

www.bvdinfo.com/reach
www.lisa.nl
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Dutch Chamber of Commerce. We would have preferred to relate the number of applications
to firm size but only firm-size classes were available. Ideally, we also would have liked to
include copyright, but we were limited to the types of IPR with active registration.
The final database covers a five-year period. This might be seen as a limitation, since
the entire cycle of applying for a patent until actual use of it in the market is often longer than
five years. In addition, the economic cycle may have an impact on IPR applications, and a fiveyear period does not cover an entire economic cycle. The five-year period considered also
included a period of economic crisis. However, while our data show a reduction of applications
in 2009 for all four types of IPR that we considered, in 2010, the numbers began to rise again.
Moreover, the long-term patent statistics show little change in the patent distribution across
sectors and firm sizes (Statline CBS, 2013). Overall, the main strength of our database is the
exhaustive coverage of firm applicants and IPRs within one country.

3.2 Data matching
To link the IPR data to firm data, we used both firm and applicant names and harmonized
address data obtained from the administrative databases of the EPO, EUIPO, BOIP, OCNL,
CPVO and the Dutch Board for Plant Varieties. Thoma et al. (2010) provided an overview of
the most widely used databases as well as the matching methods that are useful in matching
assignee names. Some of these methods have also been used in some of the following steps
(those which involve the matching of applicant names) taken to maximize the matching rate:
1. Labelling of all applicants on the basis of their names: as firms, private persons,
universities, non-profit organizations, etc.
2. Removal of common Dutch company acronyms such as B.V. and N.V.
3. Separation of IPR applicant address data into street name and number, postcode and
town/city name.
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4. Matching of all IPR applicants to firms in the firm database by linking the combination
of postcode and street number in each database.
5. Validation of the matched postcode-street number pairs: if the harmonized names of the
IPR assignee equals firm name then the link is considered to be valid. If not, then the
linked results must be checked and validated manually.
6. Matching of the remaining IPR applicants by linking the harmonized applicant and firm
names. Subsequently, we validated each of the newly matched pairs to maximize the
results of the process (only for patent, design and breeders’ rights applications).
7. Final manual check of the matched pairs for all firms with more than 100 IPR
applications.
The final two steps included a manual check of the matched pairs for IPR applicants with more
than 100 applications, and large firms (more than 100 employees), to verify if a link was made
to the correct legal entity within the legal structure of a firm (i.e. the legal entity that represented
the core business of a firm where most employees are active). In the case of large firms, many
IPRs were found to be registered by entities within the legal structure of the firm that
represented the holding activities rather than the main activities of the firm. In the case of such
a ‘mismatch’, or in the case of multiple possible matches, the legal entity that represented the
activities of a majority of its employees was manually selected. The final results of the matching
process, which involved both automatic and manual name and address matching, are shown in
Table 2. On average, more than 80% of firms applying for an IPR were linked to firms in the
business register. Due to the large number of trademark applicants, the sixth step, which also
involved applicant name matching and manual validation of the remaining unmatched applicant
names, was only done for the patent, design and breeders’ rights applicants. As a consequence,
the final matching rate was lower for the trademark applicants than for the other types of IPR.
11

-------------------------------------------------------TABLE 2 about here
------------------------------------------------------

4. Descriptive results
4.1 IPR variety
Figure 1 shows a proportioned Venn diagram with the frequencies of applicants for the four
different types of IPR covered in this study. Most firms with IPR applications in the period
2006-2010 used only one type of IPR – predominantly trademarks. The number of trademark
applicants was 5.6 times higher than the number of patent applicants. This is in line with
evidence from the US, where the number of trademark applicants was 7.7 times higher than the
number of patent applicants in the same period (Dinlersoz et al., 2018). This also confirms that
trademarks are used across more sectors and also by more firms of all sizes than other IPRs
(Mendonça et al., 2004).
A minority of the firms exhibited variety in their IPR applications. About 25% of the
firms with patent applications also applied for one or more trademarks. Millot (2012) found
similar numbers for French and German firms that had made patent and/or trademark
applications at national and international IPR offices. For the firms with design rights
applications, this percentage is higher, with about 40% also filing one or more trademarks and
20% also filing one or more patents. These results confirm figures presented by Filitz et al.
(2015).
Our data show that many firms with design rights applications also use patents.
However, the firms with plant breeders’ rights applications are a special group. Few of these
firms combine plant breeders’ rights with other types of IPR. Those firms that did exhibit
variety included a few large agrochemical firms specializing in seed production, who also
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applied for patents and trademarks and who are also responsible for the majority of all breeders’
rights registrations; and firms with seed trading as their main economic activity, who thus
combine breeders’ rights with trademarks.
-------------------------------------------------------FIGURE 1 about here
-------------------------------------------------------

To study cross-sectoral differences in IPR variety, we relied on an innovation-based taxonomy
for both the manufacturing and the services sectors proposed by Castellacci (2009) and
followed Castaldi (2009) in its implementation. The taxonomy integrated the one proposed by
Pavitt (1984) for sectors in manufacturing, including supplier-dominated (SD), scale-intensive
(SI), specialized suppliers (SS) and science-based (SB) sectors, and the extension by Miozzo
and Soete (2001) to cover services, such as supplier-dominated services (SDS), physical
networks (PN), information networks (IN), knowledge-intensive business services (KIBS) and
non-market services.
The extent of IPR variety depends strongly on both sector and firm size. Figure 2 shows
the share of firms with variety in IPR practices compared to all firms applying for an IPR across
different sectors and size classes. The share of firms with high variety is higher in the
manufacturing (SD, SI, SS and SB) than in the services sectors. In all sectors, IPR variety
increases with firm size. For most sectors other than manufacturing, other types of IPR are also
relevant. This includes the physical networks sector (PN), where many firms in wholesale and
retail can be found. Most of these firms trade goods produced elsewhere, or their IPRs refer to
marketing activities for existing goods. One example is a small firm (0-1 employee) which had
developed a new design for a tent. Its design is protected by a European design right (EUIPO
design right application number 000912266). One of its features is that it can easily be
connected to similar tents, and a trademark filed by the firm refers to this feature (EUIPO
13

trademark application number 006119036). Figure 2 also shows that large firms tend to
combine different types of IPR more often than small firms, especially in the manufacturing
sectors. In the low-tech services sectors (SDS and IN), variety does not increase with firm size.
In these sectors, trademarks are generally used, irrespective of a firm’s size.
-------------------------------------------------------FIGURE 2 about here
-------------------------------------------------------

Differences in variety were also examined at the NACE two-digit sector level of
economic activity. This level was chosen because very few firms are diversified across twodigit classes (Leiponen and Drejer, 2007) and because there were still a sufficient number of
firms within each sector to obtain a reliable picture of the IPR practices within each sector. At
this level, in most sectors there were at least 50 IPR applicants. The two sectors with the
highest share of firms that exhibit IPR variety (i.e. applying for more than one type of IPR)
are those in the manufacture of pharmaceutical products (39.3% of all IPR applicants) and
those in the manufacture of computer, electronic and optical products (38.9% of all IPR
applicants), both innovation-intensive sectors in science-based (SB) manufacturing.

4.2 IPR Intensity
Figure 3 shows the distribution of IPR intensity across firms for different types of IPR. This
distribution is highly skewed for all IPR types, implying that for most types of IPR a few firms
are responsible for a large share of all applications. Most firms have only one application over
a five-year time period. In the case of patents and trademarks, these one-time applicants account
for more than 50% of all of the applicants. The increased skewness of the patent ownership
distribution was studied a few decades ago by Watson and Holman (1970) for US patent
14

ownership between 1921 and 1962. In accordance with their study, we also found that the
distribution of the number of IPR applications by applicants has a Pareto or power law
distribution (Newman, 2006). Moreover, this applied to all four types of IPR considered. In the
case of discrete variables, the normalized distribution obeys the following equation (Newman,
2006):
𝑝𝑝(𝑘𝑘) = (𝛼𝛼 − 1)𝐵𝐵(𝑘𝑘, 𝛼𝛼)

(1)

where k is the measured value (in our case, the number of applications by a firm for a certain
type of IPR) and B(k, α) is the Legendre Beta function with exponent α, which determines the
slope of the distribution. Using the least squares method, we fitted power laws to the distribution
of the four IPRs considered. We found the slope of the distribution to be steeper for trademarks
(α=2.286) and patents (α=2.068) than for design and breeders’ rights (α=1.707 and α=1.536,
respectively). This suggests that more specialized types of IPR, which are used to protect
specific types of innovation such as design and plant breeders’ rights, are employed more
frequently by the few firms for whom they are intended, while more general IPRs, such as
patents and trademarks, are mainly used by ‘one-time-only’ applicants.
-------------------------------------------------------FIGURE 3 about here
-------------------------------------------------------

The skewness of the intensity distribution of IPR application practices was also analysed
at a NACE two-digit sector level of economic activity (see Table 3). For each sector, we
calculated the following parameters capturing concentration: i) the share of patent applications
within a sector by the top 5% of applicants with the most patent applications within a sector, ii)
the share of trademark applications within a sector by the top 5% of applicants with the most
trademark applications within a sector, and iii) the share of design rights applications within a
15

sector by the top 5% of applicants with the most design rights applications within a sector.
Breeders’ rights were not included in this analysis because most applications originated from
firms in the same sector, which was horticulture.
We calculated these shares for sectors at NACE two-digit level with at least 20
applicants for the types of IPR considered. Table 3 shows that there is considerable overlap in
the sectors for each of the top-five lists. Sectors with a high concentration of one type of IPR
also had a high concentration of other types of IPR. The correlation results, based on more than
50 sectors at NACE two-digit level, revealed a significant correlation (p < 0.05) between the
three concentration parameters.
-------------------------------------------------------TABLE 3 about here
--------------------------------------------------------

5. A taxonomy of IPR application practices
The previous sections provided a descriptive account of the variety and intensity of new IPR
applications for different sectors and firm sizes independently. In this section, we examine
variety and intensity simultaneously, with the ultimate goal of developing a taxonomy of IPR
application practices. We applied a two-step cluster analysis that included all firms in our
database that had filed at least one IPR in the period 2006-2010, and for which both the sector
and firm-size class were known. Ideally, we would have preferred to relate the number of
applications to actual firm size, but we only had firm-size classes. We controlled for this by
including the firm-size class in the cluster analysis. Only firms in sectors (NACE 2-digit)
covered by the innovation taxonomy were considered. More than 22,000 out of almost 27,000
matched firms were included in the analysis.
16

We opted for a two-step cluster analysis method since hierarchical and k-means
clustering do not scale efficiently in the case of large datasets (Garson, 2009; Norušis, 2012).
In addition, the method is based on a distance measure, which allows for the use of both
categorical and continuous variables. In the first step, individual cases are pre-clustered. The
decision whether the observation should be added to an already formed cluster or whether a
new cluster should be formed is made on the basis of the distance criteria using a log-likelihood
distance measure. In the second step, the pre-clusters are grouped using the standard
agglomerative clustering algorithm (Ward, 1963). Running the cluster analysis without a
predetermined number of clusters resulted in a two-cluster solution and an average silhouette
of cohesion and separation of 0.7 for cluster quality, indicating good separation of the two
clusters.
Differences between the clusters were found mainly in IPR variety, IPR intensity and the
types of IPR used. The largest cluster contained all firms that only filed trademarks. The smaller
cluster consisted of firms applying for other types of IPR or firms that attempted to benefit from
a variety of IPRs. To reveal archetypes among these firms we carried out a second cluster
analysis for all firms in the smaller cluster, which amounted to 4,970 firms in this second stage
of the cluster analysis. This resulted in a four-cluster solution and an average silhouette of 0.3
for cluster quality, indicating fair separation of the different clusters. Table 4 shows the
variables that were part of the analysis and their importance for each of the two stages of the
cluster analysis.
-------------------------------------------------------TABLE 4 about here
--------------------------------------------------------
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The combined results for the five clusters from the two-step cluster analysis are shown in Table
5.
-------------------------------------------------------TABLE 5 about here
-------------------------------------------------------Once the cluster solution was performed, χ2-tests were conducted for the categorical variables,
and independent sample t-tests were done on the continuous and ordinal variables for all the
different cluster pairs to examine the importance of individual variables in a cluster (Norušis,
2012). The results confirmed that the clusters varied significantly (95% confidence interval) for
all of the different variables which made up the clusters, with the exception of some specific
variables that had a similar distribution for some cluster pairs. For example, Clusters 2 and 3
were not significantly separated for the IPR size class (intensity) variable (18% significance
when equal variances were assumed; 23% significance when equal variances were not
assumed); many firms in these clusters had made 2-4 IPR applications.
The two-step cluster analysis separated firms with one patent application from the ones
with multiple patent applications. In addition, firms combining patents with other types of IPR
were included in the latter cluster. For design and breeders’ rights, the cluster analysis did not
separate firms that only applied for one IPR from those that applied for multiple IPR types. The
distribution of the number of patent applications for each firm was skewed to the left and
exceeded the skewness of the firm-level design or breeders’ rights distribution (see Section 4.2).
This might explain the differences in cluster formation for the different types of IPR. The root
cause may be the high costs of patent application, which may mean that firms with limited
financial resources cannot afford them. The latter types of IPR (design and breeders’ rights) are
cheaper and can be obtained more easily, also by small firms.
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Overall, the cluster analyses resulted in five groups of IPR applicants covering all of the
combinations of high and low IPR variety and intensity. When plotted in a stylized diagram,
where the x-axis represents IPR variety and the y-axis IPR intensity (Figure 4), our taxonomy
reveals five archetypes, which were labelled in accordance with Alkaersig et al. (2015), who
proposed a taxonomy of IPR applicants based on qualitative research:
•

Trademark rookies (n = 17,776): low IPR variety and low intensity. This was the
largest cluster in the first cluster analysis, and it consisted solely of trademark
applicants. More than 60% of the firms in this cluster had only one trademark
application. A very small number of firms (2.6%) exhibited some variety in their
IPR applications. The firms in this cluster are typically small and found in the lowtech service sectors (IN, PN and SDS). However, many small firms in the trade
sector, who apply for trademarks to protect the products they market with private
labels, can also be found here.

•

Patent rookies (n = 1,776): low IPR intensity and variety. All of the firms in this
cluster had only one patent application. Applicants are typically small firms from
services sectors such as Information Networks (IN) and KIBS. It is reasonable to
assume that there are many high-tech start-ups in this cluster.

•

IPR specialists (n = 1,265): low IPR variety but high intensity. The applicants in
this cluster are typically supplier-dominated firms using IPRs that serve specific
sector needs, such as plant breeders’ rights and design rights. The cluster
predominantly contains plant breeders with up to five employees, mainly applying
for plant breeders’ rights. About 8% also used other types of IPR, which were
mainly trademarks that secured brand protection of new plant varieties. Cluster 4
also contained the majority of design rights applicants. IPR variety was also low for
the majority of them.
19

•

IPR generalists (n = 449): high IPR variety and moderate intensity. Typically, this
cluster contained small firms in service industries – mostly in the trade sector –
which combine different types of IPR to safeguard protection of their offers. In this
cluster, almost 55% of the firms combine trademarks with design rights.
Nevertheless, IPR intensity is moderate; almost half of the firms in this cluster
applied for fewer than five IPR applications between 2006-2010.

•

IPR strategists (n = 1,480): both low and high IPR variety but high intensity. This
cluster included firms who frequently use patents or different types of IPR to
maximize the protection of their intellectual property; in other words, the most
frequent IPR users. About 40% of the firms combined different types of IPR, mainly
patents and trademarks. More than 50% of the firms that combined different types
of IPR had ten or more IPR applications, which were predominantly patent
applications. These serial IPR applicants are mainly medium-sized and large firms
in high-tech sectors such as KIBS, scale-intensive and science-based
manufacturing.
-------------------------------------------------------FIGURE 4 about here
-------------------------------------------------------

A robustness check with additional sector-level variables measuring the skewness of the patent
and trademark distribution supported these findings. Although the sector of the applicant firm
gained more importance in this check, when additional sector-dependent variables were added
to the analysis, the taxonomy predominantly remained unchanged, except for the IPR
generalists, which were split into two and added to either the IPR strategists or the patent
rookies.
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6. Discussion and a research agenda
This study identified five archetypes of IPR application practices. In this section, we will first
reflect on how insights from our taxonomy may contribute to the debates on the functioning of
IPR systems. We will subsequently outline a research agenda inspired by our findings. Finally,
we will offer some concluding remarks.

6.1 Implications for current IPR debates
The first finding is that the bundling of different types of IPR (high IPR variety) and
high concentrations of IPR applications (high IPR intensity) are found predominantly within
the same group of firms. In our taxonomy, these firms fall under the archetype of ‘IPR
strategists’. They are predominantly large firms in high-tech sectors such as science-based
(electronics, pharmaceutics), scale-intensive manufacturing (chemistry) and knowledgeintensive business services (R&D services). This is in line with and extends the findings of
other studies based solely on patent data, which showed that the presence of thickets was limited
to a number of industries and technologies (von Graevenitz et al., 2013; Gatkowski et al., 2018).
Our results further reveal that these large high-tech firms not only resort to the bundling of
different types of IPR but also have a high application intensity for all types of IPR.

The

Apple versus Samsung battle has already demonstrated that in these sectors trademarks and
design rights are the subject of legal battles as much as are patents. Our study looked beyond
these highly visible cases and found that there is systematic adoption of these practices in the
group of IPR strategists. This implies that the debate on the strategic use of patents that centres
around concepts such as ‘patent thickets’ (Shapiro, 2000; Egan and Teece, 2015) should also
consider other IPRs, since the application intensity of these firms and the concentration of rights
is also high with respect to the other IPRs available. The term ‘IPR thicket’ would therefore be
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more appropriate and could refocus attention on both intensity and variety in the use of IPRs
by IPR strategist firms.
The second finding concerns the two groups of firms labelled patent and trademark
rookies. The majority of these firms showed very low application variety and intensity, with
most firms only applying for one type of IPR on a very ad hoc basis. The skewness of the
distribution of the different types of IPR indicates that the tendency towards high IPR intensity
is extremely low, and very few firms become repeat or regular applicants. The group of patent
rookies consists almost entirely of applicants who used the patent system once.
The implication of this finding is that although firms with high IPR variety and intensity
are very interesting to study and are a big part of IPR-related debates, the large group of firms
who only marginally use IPRs should also be considered. With respect to these firms, one
important question is whether their limited use of the IPR system corresponds with actual
limited benefits from the IPR system and, if so, why? Is this due to weak appropriation regimes,
or perhaps a lack of complementary assets? Our findings indicate that IPR rookies are
predominantly SMEs. Other studies have found that these firms tend to be in a weak position
when it comes to IPR (Lanjouw and Shankerman, 2004; Leiponen and Byma, 2009; Brem et
al., 2017). Spithoven et al. (2013), for example, found that SMEs experience a higher threshold
in patent applications because of a lack of resources.
The third finding concerns firms labelled as IPR specialists. Our study shows that SMEs, in
general, have low application intensity, with the exception of some ‘IPR specialists’ who apply
for design or breeders’ rights that meet their specific needs. Plant breeders’ rights were
introduced to accommodate the special needs of plant breeders (Louwaars et al., 2009). This
might explain the popularity of these rights among SMEs as well. In the case of plant breeders’
rights, SMEs especially value what is known as the ‘breeders’ exemption’, which allows the
use of protected plant varieties for further breeding and, therefore, stimulates the innovation
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necessary for SMEs to survive in this sector (Louwaars et al., 2009).Similar arguments apply
to design rights, although they are more broadly applicable IPRs. Firms in some low-tech
manufacturing sectors acknowledge that design rights are the only IPR which meets the needs
of their sector (Filitz et al., 2015). Our results point to these IPRs being accessed by firms of
all sizes, which could be taken as an indication of efficiency. We found that the distribution of
both design and breeders’ rights across firms was less skewed compared to patents and
trademarks. Some legal scholars (e.g. Carroll, 2009) have voiced support for more tailored IPRs
which meet the specific needs of firms, rather than enlarging the scope of what can be protected
by more general types of IPR such as patents and trademarks.
Finally, our findings showed that high variety might also be combined with low
intensity, and low variety with high intensity. The firms that fall into these categories have thus
far received less attention than the IPR strategists and the rookies. The most commonly used
high variety/low intensity IPR combination concerns trademarks combined with design rights
(55% of all IPR generalists). This combination is especially used by SMEs with trade as their
main economic activity. Possible explanations for the frequent use of this combination are: i)
they are combined to protect different elements of the firm IP, ii) they are combined frequently
because in the Netherlands they are handled by the same IPR office and the application
procedures are also similar, and iii) what is covered by the two IPRs significantly overlaps
(Carboni, 2006).
The legal literature and the policy debate on overlapping rights (Derclaye and Leistner,
2011) mainly concern the third explanation. Earlier debates have sometimes led to amendments
to the IPR system (Gangjee, 2017), such as in the case of plant patents (Dutfield, 2018), which
overlapped with the use of plant breeders’ rights. Apart from the legal literature, to date the
combination of trademarks and design rights by SMEs has not been investigated. Economists
mainly focus on the patent-trademark combination, while there has been no evidence gathered
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on the determinants and effects of a design right-trademark combination. Further research could
attempt to assess which explanation is most realistic, as the sheer fact of their combination does
not necessarily generate policy concerns.

6.2 Implications for further research
Our taxonomy and related results have several implications for further efforts within the field
of economic research on IPRs.
The first research avenue could tackle the question of how IPR application practices
relate to the properties of underlying innovation processes. One of the reasons to expect more
IPR variety is a changing focus from technological innovation to broader types of innovation.
Manufacturers not only compete by creating new products (including their design) or processes,
but also in service innovation and their distinctive business models. The latter implies the use
of various types of IPR to protect the different elements of a new business model, from
technology to new concepts and designs (Desyllas and Sako, 2013). At the same time, several
service sectors have not only become more innovative, often thanks to IT, but have also
professionalized and matured up to the point that appropriability considerations have become
pressing (Miles, 1993). One key limitation of our study is that we can only observe the bundling
of IPRs at the firm level and not at project level. Ongoing methodological efforts to match
patent and trademark data at the project level (Thoma, 2015) will hopefully provide the
opportunity to investigate the motives behind IPR variety in more detail and incorporate factors
such as the complexity of a new project or its radical nature.
The second direction for further research could analyse the reasons why most firms
focus on a preferred type of IPR and/or why they only rarely use the IPR system. There may be
various reasons, such as a defensive strategy (Somaya, 2012), a lack of resources, business
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failure, industry structure, the availability of non-statutory IPRs, the innovation mode they are
pursuing, limited access because of bundling and a high concentration of IPRs, or a lack of
familiarity (Kitching and Blackburn, 1998; Hanel, 2006). Rather than expecting limited benefits
because of bundling and high concentration, firms in some sectors might actually be unaware
of IPRs other than those typically used in their sector. Castaldi (2018), for example, found that
the main reason that firms in the creative sectors do not consider trademarks is that these firms
focus on copyright as the IPR specifically designed for their needs. Further research could focus
on the motives behind the use, or not, of IPRs.
Finally, by focusing on one country we were not able to tackle the role of institutional
differences in IPR systems. The external validity of our taxonomy can only be assessed if more
comprehensive studies based on full accounts of IPRs in different countries are conducted.
Ideally, it would be of value to compare countries with different IPR systems, or those which
also include other types of IPR. For example, some countries have IPR systems that include
utility models (abolished in the Netherlands in 2008), which are similar to patents but more
suited to protect ‘incremental’ innovations. Such utility models are still popular in several
countries, especially in developing countries (Lakshmikumaran and Bhattacharya, 2004).
Another useful comparison would be with countries where the application of IPRs is organized
in a different manner. Many countries have one organization for granting patents, trademarks,
design rights and sometimes other IPRs such as breeders’ rights (e.g. the USPTO). The
Netherlands has separate offices for national patents and breeders’ rights, while there is a third
office for trademarks and design rights, whose jurisdiction covers not only the Netherlands but
also Belgium and Luxembourg. This is similar to the organization of European applications
generally, with the European Patent Office administering patents and the European Office for
Intellectual Property administering trademarks and design rights, while the CPVO administers
breeders’ rights. Such country differences may also help to explain differences in IPR filing
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practices. This, in turn, can help governments to implement policies to optimize their IPR
system.

6.3 Conclusions
This study provided new empirical evidence that can inform two pressing debates concerning
IPR application practices by firms. While previous studies into these practices were limited in
terms of the firms chosen or IPRs which they covered, we used a unique dataset providing a
complete overview of all officially registered IPR applications within one country in a fiveyear period. We suggest that the debate on strategic patenting be broadened by including other
strategic combinations of IPRs. Of all these combinations, often used by smaller firms as well,
we found that trademarks and design rights are commonly combined but have received little
attention in research to date.
Our results also offered a reminder that most firms make very occasional use of IPRs.
These IPR rookies were mostly SMEs, and this result confirmed the importance of
questioning the benefits of IPRs for all firms. Nevertheless, we also found that several SMEs
are IPR specialists who focus on design and breeders’ rights, forming an exception to the rule
of SMEs usually being trademark rookies. Although this study has shown that IPR application
practices depend on firm properties such as innovation mode and size, it also showed that
there is a lot of variety between firms, which can be explained by other firm IPR positions.
This underlines the value of using more encompassing databases of registered IPRs to identify
IPR concentration and bundling, and the relationship of these practices to innovation and,
ultimately, both private and social returns.
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Patent intensity: propensity to patent and patent intensity is lower in the
services sector than in the manufacturing sector
IPR variety and intensity: innovating firms use all protection mechanisms
more intensively than non-innovating firms
IPR variety and intensity: patent intensity increases with R&D expenditure;
complementary use of patents and trademarks (IPR variety) in case of
continuous R&D
IPR variety: patents, registration of design rights, trademarks, secrecy and
lead-time advantages are used jointly
SMEs prefer informal protection over formal protection

IPR intensity: considerable overlap between patent intensive and trademark
intensive industries
IPR intensity: many industries have intensive use of more than one of the
IPRs

IPR intensity: median R&D intensity and patent intensity are higher in
science-based and specialized suppliers sectors. Trademark intensity is more
even across sectors.
IPR intensity: stronger correlation between R&D spent and trademark
intensity than between R&D spent and patent intensity
IPR variety and intensity: patent stock and trademark stock show strong
correlation
IPR variety and intensity : significant and positive correlation between
trademarks and patents in high-tech manufacturing
IPR intensity: in high-tech and medium high-tech sectors, German firms have
considerably larger IPR portfolios than similar UK firms

More than 80% of Dutch firms IPR variety and intensity: full account based on exhaustive data on IPR
applying for IP
variety, intensity, firm sector and size

240.000 European firms

Broad coverage of industries

Broad coverage (exhaustive
matching)
48.000 firms in both countries
with annual revenues ≥10
million EUR

1216 very large firms

33 very large firms

Broad coverage (exhaustive
matching)

3628 firms from various sectors IPR variety: statutory and non-statutory means of
protection are complementary within their own category
534 manufacturing firms with at IPR variety: different IPRs are used complementary, patent intensity and
least 3 patent applications at
variety are correlated.
EPO

Survey including all sectors and IPR variety ("full arsenal") in case of high-tech sectors
firm sizes
2000 manufacturing firms
IPR intensity: regimes stimulating IPR use associated with innovative activity
in small firms
1257 SME's
IPR variety in case of SME's: SMEs combine trademarks with technical
IPRs
2873 firms > 10 employees
IPR variety: high correlation between use of different IPR types
Large firms, all sectors
IPR variety in sectors: most sectorsreport high effectiveness scores for two
or more mechanisms (both formal and informal)
1400 firms covering most
IPR variety: SMEs have higher rates of patent, trademark and design usage
sectors and sizes
once industry effects are controlled for

KIBS (Amara et al. , 2008) or
manufacturing (Hanel, 2008)
504 SME's

All sectors and firm sizes

All sectors and firm sizes

Firm coverage
Service industries

Tables and Figures

Table 1: Review of studies into IPR variety and intensity

Table 2: Matching results of IPR applicants to the Dutch business register
Number of applicants

Number of applications

Firms matched
(% of all firms)

Firms unknown
(% of all firms)

Private Firms matched
persons (% of all firms)

Firms unknown
(% of all firms)

Private
persons

Trademarks

20833 (74%)

7493 (26%)

7025

53274 (80%)

13351 (20%)

15212

Patents

4904 (97%)

131 (3%)

2822

35661 (99%)

226 (1%)

3381

Design rights

1475 (82%)

333 (18%)

17

11217 (82%)

863 (18%)

54

Breeders' rights

518 (92%)

45 (8%)

59

9445 (98%)

245 (2%)

277
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Table 3: Top-five sectors (NACE 2 digit) with highest skewness of patent, trademark and design right distribution
Share of patent applications by top 5% patent
applicants
Top 5
NACE 2 Sector description
sectors

Share of trademark applications by top 5%
trademark applicants

Share
NACE 2 Sector description
(%)

Share of design right applications by top 5%
design right applicants

Share
NACE 2 Sector description
(%)

Share
(%)

1

26

Manufacture of computer,
96.0
electronic and optical products

26

Manufacture of computer,
70.0
electronic and optical products

26

Manufacture of computer,
electronic and optical products

95.4

2

20

Manufacture of chemicals and
88.8
chemical products

20

Manufacture of chemicals and
chemical products

67.6

10

Manufacture of food products

69.7

3

72

Scientific research and
development

72.0

10

Manufacture of food products

60.8

46

Wholesale trade

61.1

4

10

Manufacture of food products 71.5

11

Manufacture of beverages

55.2

32

Other manufacturing

59.4

5

62

Computer programming,
consultancy and related
activities

30

Manufacture of other transport
55.0
equipment

62

Computer programming,
consultancy and related
activities

58.4

66.3
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Table 4: Input cluster analysis
S TAGE A

S TAGE

Firm size class

Firm taxonomy

Variable

type

M inimum

M aximum

M ean

N

%

M inimum M aximum

1238

5.4

578

11.6

SI

1569

6.9

600

12.1

SS

545

2.4

339

6.8

SB

302

1.3

181

3.6

2345

10.3

PN

5916

IN
KIBS
Non market
services
0 emp.

1213

1 emp.

5661

2-4 emp.

4569

234

4.7

26.0

1081

21.8

6971

30.6

956

19.2

2544

11.2

871

17.5

1316

5.8

130

2.6

5.3

715

14.4

24.9

1131

22.8

20.1

848

17.1

5-9 emp.

2715

11.9

502

10.1

10-19 emp.

2405

10.6

422

8.5

20-49 emp.

2723

12.0

546

11.0

1418

6.2

272

5.5

100-199 emp.

922

4.1

240

4.8

200-499 emp.

650

2.9

138

2.8

500-799 emp.

170

.7

45

.9

800-999 emp.

42

.2

7

.1

258

1.1

104

2.1

SDS

Nominal

Ordinal

50-99 emp.

1.0

1

12

4.13

2.29

.77

13012

57.2

2149

43.2

2-4 applications

6868

30.2

1714

34.5

5-9 applications

1722

7.6

538

10.8

655

2.9

251

5.1

20-49 applications

324

1.4

183

3.7

50-99 applications

105

.5

82

1.6

100 or more appl.
Share of patent
applications
Share of trademark
applications
Share of design right
applications
Share of breeders'
right applications

60

.3

53

1.1

1 application

IPR size class

%

SD

1000 or more emp.

Other

N

S TAGE B
Std.
Deviation Importance

10-19 applications

Ordinal

1

7

1.636

0.948

.71

M ean

Std.
Deviation Importance

1.0

1

12

3.98

2.57

1.0

1

7

2.007

1.267

1.0

%

22746

0

1

0.1495

0.3432

1.0

4970

0

1

0.6626

0.4409

1.0

%

22746

0

1

0.7903

0.3918

1.0

4970

0

0.9151

0.0673

0.1557

.55

%

22746

0

1

0.0396

0.1813

1.0

4970

0

1

0.1756

0.3541

1.0

%

22746

0

1

0.0207

0.1411

1.0

4970

0

1

0.0945

0.2901

1.0
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Table 5: A taxonomy of firm-level IPR applications: cluster analysis results

A
(first stage)
Cluster
Label
Number of firms
Largest sectors

1
Trademark
rookies
17776
IN: 33.8%
PN: 27.2%

2
IPR specialists
474
SD: 70.9%

B
(second stage)
3
4
IPR specialists (63.8%)
IPR strategists
IPR generalists (36.2%)
1480
1240
KIBS: 28.3%
IN:42.1%
SI: 20.4%
PN: 28.1%

5
Patent rookies
1776
IN:23.0%
KIBS: 21.1%

Largest firm size classes

SDS: 11.9%
0-1 empl.: 28.3% 2-4 empl.: 29.5%
0-1 empl.: 23.9% 0-1 empl.: 43.2%
2-4 empl.: 20.9% 20-49 empl.: 16.2% 20-49 empl.: 12.6% 2-4 empl.: 17.1%

0-1 empl.: 47.3%
2-4 empl.: 18.9%

Largest IPR size classes

1 appl.: 61.1%

2-4 appl.: 34.4%
1 appl.: 26.6%

2-4 appl.: 63.7%
5-9 appl.: 15.1%

2-4 appl.: 44.9%
1 appl.: 20.6%

1 appl.: 97.1%

Share of patent applications (stand. dev.)

0.6% (4.7%)

0.1% (1.0%)

83.2% (26.0%)

23.0% (38.3%)

100.0% (0.0%)

Share of trademark applications (stand. dev.)

99.2% (5.1%)

1.5% (6.5%)

13.4% (20.3%)

10.4% (18.0%)

0.0% (0.0%)

Share of design right applications (stand. dev.)

0.2% (2.0%)

0.0% (0.1%)

3.3% (11.8%)

66.5% (40.7%)

0.0% (0.0%)

Share of breeders’ right applications (stand. dev.)

0.0% (0.2%)

98.4% (6.9%)

0.2% (2.3%)

0.1% (1.9%)

0.0% (0.0%)

IPR variety (more than one type of IPR filed)

2.6%

8.4%

40.1%

36.2%

0.0%
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Figures
Figure 1: IPR variety: Dutch firms applying for one or more types of IPR (2006-2010)
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Figure 2: IPR variety across firm sizes and sectors
N=2 (two types of IPR)*
0-10 empl

10-100 empl

>100 empl

Supplier Dominated Manufacturing
Scale Intensive Manufacturing
Specialized Suppliers
Science Based Manufacturing
Supplier Dominated Services
Physical Networks
Information Networks
Knowledge Intensive Business Services
Non Market Services
<5%

5-10%

>10%

* circle size represents the share of IPR applicants with two types of IPR among all firms with IPR applications

N=3 (three types of IPR)*
0-10 empl

10-100 empl

>100 empl

Supplier Dominated Manufacturing
Scale Intensive Manufacturing
Specialized Suppliers
Science Based Manufacturing
Supplier Dominated Services
Physical Networks
Information Networks
Knowledge Intensive Business Services
Non Market Services
<5%

5-10%

>10%

* circle size represents the share of IPR applicants with three types of IPR among all firms with IPR applications
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Figure 3: IPR intensity: distribution of number of applications for one type of IPR per firm (20062010)
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Figure 4: A taxonomy of IPR applicants: five archetypes
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