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Abstract: This paper tries to find how firms use IPRs in the form of patents
to protect innovation capital and find determinants of their effectiveness.
The research is based on a large sample of 2960 Polish manufacturing firms
that were engaged in developing and/or implementing a product or process
innovation in the years 2010-2012. Besides descriptive statistics which
show firms’ attitudes toward the effectiveness of patents and their
determinants, I apply the knowledge production functionto find a link
between patent propensity, R&D and innovation performance. Descriptive
analyses show that Polish manufacturing firms rarely use patents as the
appropriability mechanism which results in the low level of their perceived
effectiveness. It also turns out that the perceived effectiveness of a patent
depends on a firm’s size, theinnovation type and technological
opportunities. In turn, the results of the knowledge production function
estimationallow me to conclude that an increase in patent propensity affects
the firm’s innovation performancepositively.

Introduction

Innovation capital constitutes to drawthe attention of scholars and
practitioners, because the ability to innovate is a source of a firm’s
value and growth ina knowledge based economy (Sullivan, 2000, pp.
4-22). Innovation capital can be broadly defined as a bundle of a
firm’s knowledge assets that render services in the process of new
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knowledge (innovation) creation and commercialization. Due to the
semi-public good characteristics of knowledge, the possession of
monopolistic power over innovation capital is feasible but never
perfect. As a consequence there are different appropriability
mechanisms, combining formal methods in the form of intellectual
property rights — [IPRs (e.g. patents) and informal methods (e.g.
secrecy, lead time, product complexity) which can be used by
economic agents to protect the innovative knowledge they create.
The lack of appropriability mechanisms would lead to
underinvestment in research and innovation, and hence, inefficiency
of firms and economies.

Although there is a vast body of literature on the reasons behind a
firm’s choice of appropriability methods and the effectivenessof their
use (see Lopez, 2009, pp.1-32), most of these studies focus on
subjective measures of benefits of various appropriability tools. Only
a few studies deal with innovation performance and try to relate it to
the firms’ preferences for the particular appropriability method.
Thus, the purpose of the paper is to fill this gap in the literature
bydetermining how the utilization of intellectual property rights
(IPRs) in the form of patents allows Polish manufacturing firms to
appropriate profits from innovation. A model used in this research is
a knowledge production function, in which two main components of
innovation capital, i.e. patents and research and development (R&D),
are included among the regressors. Additionally, I use descriptive
statistics to analyze the perceived effectiveness of patentstoward
increasing the competitiveness of product and process innovations.

Methodology of the research

In this study,anonymized micro-data from the survey of
innovation activities of Polish manufacturing enterprises in the years
2010-2012 were used. The survey was conducted in 2013 by Polish
Statistical Office. Enterprises having more than nineemployees
participated in the study. The enterprises were selected on the basis
of the Polish Classification of Activities which is consistent with the
statistical classification of economic activities in the European
Community (NACE Rev. 2). The types of questions used in this
survey were based on the Community Innovation Survey -CIS. The
interpretability and validity of the CIS questionnaire were verified by



extensive piloting and pre-testing before implementation within
different European countries (Laurent &Salter,2006, pp.131-150).
The sample of innovation active firms used in this analysis includes
2960 entities that were engaged in developing and/or implementing a
product or process innovation in the years 2010-2012.

The elements of innovation capital analyzed in this study are
patents and R&D used in the process of technological innovation
introduction. In the case of patents, each firm was asked to respond
to a question about the effectiveness of patents for increasing the
competitiveness of product and process innovation. The respondents
were given four ordinal categories: 4-not used, 3-low, 2-medium, and
1-high effectiveness. Moreover, the study exploits information on
the number of patent applications to the Polish Patent Office in 2010-
2012. As far as R&D is considered, information feeding into
analysis is R&D intensity measured as the ratio of R&D expenditures
divided by the total sales.

To assess perceived effectiveness of patents, means of firms’
responses to the question about the effectiveness of patents for
increasing the competitiveness of product and process innovations
are calculated. The results are presented by the firm’s size,the
innovation type and technological opportunity. Additionally, a two-
sample t-test is used to compare the means. Apart from descriptive
statistics, the method of analysis is the generalized structural
equation modeling—~GSEM (Rabe-Hesketh et. al., 2004, pp.167-190).
Ourempirical model consists of two equations. The former is
estimated using the Tobit model, also called a censored regression
model (Greene, 2008, pp. 871-872), where the dependent variable is
innovation performance (INN), which is explained by the percentage
of a firm’s sales corresponding to products new to the market. The
choice of the Tobit model results from the nature of the dependent
variable which is, by definition, (double) censored, i.e. it ranges
between 0 and 100. Although the choice of the dependent variable
makes sense in terms of appropriability analysis, it limits our
analysis to only product innovators (i=2062). The model includes the
R&D intensity (RDI) and the number of patent applications
(PATENT) among regressors. The latter is estimated as the Poisson
regression where the dependent variable is the number of patent
applications and the R&D intensity is included as the regressor. The
use of the Poisson regression results from the preponderance of zeros



and the small values of the patent variable.The two-equation model
is specified as follows:
INNl = allPATENTl- + alZRDIi + (X13T0i + a145i+€i
PATENTL = aZZRDIi + a23T0i + 0(24Si+£i

TO and Sappear as control variables in both equations. The first
variable relates to technological opportunities quantified by patent
statisticsat the industry level. I use the OECD’s industry
classification, i.e. high-technology and medium-high-technology,
medium-low-technology, and low-technology. Patent applications
are then averaged over the industry. The second variable is the firm’s
size divided into three categories, i.e. small (S_S), medium
(S_M),and large (S_L). Since the size variableis categorical variable,
dummy coding is used. It compares each level of the categorical
variable to a fixed reference level (i.e. the small firms).

The concept of innovation capital

Innovation capital is a term that arises from a conjunction of two
seminal economic concepts, i.e. capital and innovation, and is
interchangeably used with such constructs as innovative knowledge
assets (He &Wang, 2009, pp. 919-938) and innovation-related
intangibles (Lev, 2001, p. 18). Innovation capital was introduced to
the economic and managerial nomenclature for the first timeby
Edvinsson& Malone (1997, p. 1-23) in their intellectual capital — IC
— model. They describe innovation capital as renewal capabilities of
a company in the form of intellectual properties and other intangible
assets used to create and introduce new products and services to the
market. This definition sensu largohas beenspecified by a few
authors (e.g. Wagner&Hauss, 2000, pp. 709-712; McElroy, 2002, pp.
30-39), who adopted different perspectives (i.e. technological,
organizational or sociological).

According to Kijek (2012, pp. 52-68), innovation capital consists
of two groups of knowledge assets necessary for innovation. The
former pertains to codified technological knowledge in the form of
innovative intellectual property rights-IPRsand stock of R&D
knowledge. The latter relates to knowledge embodied in the
organizational routines/practices, norms and thinking of employees.
Codified technological knowledge is knowledge about how to
produce new products and install new processes, which comprises



know-what (e.g. a description of ingredients or specification of a new
product) and know-why (e.g. technology of a new product
manufacturing). The combination of know-why with employees’
knowledge forms know-how (e.g. a practical use of new technology).
As suggested by the reward theory of patents, exclusive rights to new
facts (know-what) and new technologies (know-why) in the form of
patents are deemed effective for securing the return from inventions
and provide sufficient incentives for firms to conduct risky
investments in R&D (Zaby, 2010, p. 2). In line with this approach,
the increase in commitments to R&D does not precede increased
patenting but is simultaneous with it (Basberg, 1982, pp. 163-171).

It is important to notice that a patent does not always allow the
firm to obtain a monopoly over the market. For example, human
insulin can be produced either by applying enzymes for eliminating a
specific amino acid from the structure of pig insulin or by
genetically- modified bacteria, so neither of the patent owners of
these inventions, i.e. Novo Nordisk and Genentech, have a monopoly
over the insulin market. Moreover, the formal system of IPRs allows
the firm to extend its technological knowledge base by the
acquisition of external knowledge in the form of patents and utility
models or not patented technological know-how.

Innovation capital differs from physical assets in a few important
aspects. First, innovative knowledge assets are, in general, non-rival,
as they can be deployed at the same time by many users. This is
especially true for know-what and know-why. However, multiple use
may reduce the market value of knowledge by increasing its supply
to the market. Another peculiarity of innovation capital is the fact
that it generally requireslarge initial investments, while the cost of its
use is negligible. For example, the development of a drug is
expensive and takes a long time, but doubling its production does not
require any change in the underlying R&D and patents (Lev, 2001, p.
23). Last but not least,a difference between innovative knowledge
assets and physical assetsis the availability and the enforceability of
property rights(Teece&Augier, pp.3-27). Physical assets are
generally well protected and property rightsenforcement is relatively
easy. In the case of intangible assets, property rights are limited
(patents, designs, trademarks, etc.) and their enforcement is relatively
difficult.



Appropriability of innovation capital

As mentioned previously innovative property in the form of
patent is regarded as an element of innovation/knowledge-based
capital (OECD, 2011, p.2; Kijek, 2012, pp. 52-68; Edvinsson&
Malone, 1997, pp. 1-23).Patent gives the owner monopoly rights to
use an invention for a given period. Patents and other forms of IPRs
allow the owner to receive an adequate returns from its
creationbyplacingthe IPRs in the public domain. In the light of the
above, a patentis regarded as a mean of appropriability, since itis a
building block of the firms’ capacity to retain profits from
knowledge embedded in invention or innovation (Lépez, 2009, p.
2).A lack of appropriability mechanisms in the form of patents could
lead firms to under-invest in innovation capital. Although this paper
focuses on IPRs, it should be noted that there are other informal
appropriabiality mechanisms including secrecy, lead time, product
complexity etc. which may be used when legal protection is not
feasible or efficient.

Theoretical and empirical papers suggest that the effectiveness of
IPRs in protecting innovative knowledge is related to either internal
or external factors. The most thoroughly examined internal
determinant of IPRs use is the type of innovation. Cohen et al. (2000,
p. 10) reveal that patents are reported to be more effective for
product innovation than process innovation by U.S. manufacturing
firms. This finding is unsurprising since knowledge about process
invention is less publicly available than that of product invention, so
patent infringements are more difficult to detect for process
innovation.Another important factor that affects the propensity to
patenting is a firm’s size. Many authors state that the application of
patents increases with the firm’s size. For example, Gonzalez-
Alvarez & Nieto-Antolin (2007, pp. 280-295) find that Spanish firms
of larger sizewere more willing to patenting. In turn,Hanel (2008, pp.
285-309) proves that medium and large-sized firms employ all IPR
elements more frequently than small firms. The reason for these
findings may be twofold. First, in the line of Schumpeter’s (1942, pp.
131-134) arguments, large firms have access to financial resources
which are necessary for obtaining, maintaining and monitoring IPRs.
Moreover, small firms may be in an unfavorable position when it
comes to enforcing their IPRs. Second, large firms are deemed to be



better equipped with tangible capital and human capital, which
allows them to introduce original innovations requiring legal
protection. Last but not least,an internal determinant of IPRs
addressed in the literature is a firm’s R&D intensity. Most of the
studies find a positive relationship between R&D and patent
propensity (Duguet&Kabla,1998, p.14;Hall &Ziedonis,2001, pp.
101-128). However, there is also evidence that R&D expenditures
make no contribution to patenting (Arundel &Kabla,1998, pp. 127-
141). In a similar vein, Megna&Klock (1993, pp. 265-269) argue that
patents and R&D are distinct measures of intangible assets. These
contradictory findings may result from the fact that in-house R&D is
neither sufficient nor necessary as an explanation for patenting. For
example, firms may as well acquire patentable knowledge at the
market.  Moreover,firms engaged in R&D may use
differentappropriability methods instead of patenting.

In the case of exogenous factors affecting the effectiveness of
patent use, it is assumed that firms operating in various
manufacturing sectors relay on different appropriability mechanisms.
In their seminal paper, Levin et al.(1987, pp. 783-831) find that in
chemical and pharmaceutical industries patents aredeemed to be
more effective in appropriating benefits from innovation than in
other industries. Similarly, Harabi (1995, pp. 981-992) proves that in
suchsectors as chemical and cosmetic products and
agriculturalequipment, a patent is regarded as an effective tool of
appropriability.

Effectiveness of patentsin Polish manufacturing firms

A first look at the perceived effectiveness of patents indicates that
patents are, on average,regarded by Polish manufacturing firms as
being lowly effective(Table 1). While interpreting this result it
should be noted that the perception of the relative strength of the
patent depends on its use and availability.The availability of patent is
a function of specific characteristics of an invention, such as novelty,
non-obviousness and industrial applicability. Thereforonly
inventions which meet these requirements can be patented.
Unfortunately, most of the product and process innovations
introduced by the sample firms do not fulfill the criteria of
patentability. Similarly, Hurmelinna&Puumalainen (2007, pp. 95-



112) confirmed the hypothesis of a relationship between the strength
and the use and availability of different IPRs. As mentioned
previously, the use of patent is connected with a firm’s size and
economic potential. The results confirm this supposition, since the
perceived effectiveness of patents increases monotonically with the
size of the firm. Moreover,firms with both product and process
innovations rank effectiveness of patents higher than firms with only
process innovations and firms with only product innovations.
However, we find no significant difference in the perceived
effectiveness of patents between firms with product innovations and
firms with process innovations. This finding is contrary tothe results
of other studies (e.g. Hanel, 2008, 285-309) which show that patents
are more effective for product innovations than for process
innovations.

In the light of the results from Table 1,significant differences in
the effectiveness attributed to patents are found when dividing firms
by sectors.Firms located in medium-high-technology sectors deem
patents more effective than firms located in low technology and
medium-low-technology  sectors.Nonetheless, analyzingsectoral
differences in the perceived effectiveness of patents, it should be
noticed that there is a large variability in firms’ perceptions of
patents effectiveness within particular sectors. This variability can be
explained by the fact that firms may also pursue patents for other
objectives than for appropriability (protecting objectives), e.g.
blocking or negotiation motives (Blind et al., 2006, pp. 665-672).



Table 1. Perceived effectiveness of patents by a firm’s size, innovation
types and sectors

Size of firm

Small-S Medium—-M Large - L .
(n,=440) (ny=1710) (n=812) Means difference
S>M*#*; M>L*#*;
3,7 3,46 3,28 NNEEE
Innovation types
Product - Process -PS Product and
PT (n,=721) process - PT_PS | Means difference
(n;=673) = (n;=1389)
PS>PS_PT*%**;
3,41 3,39 3,29 PT>PS_PT#:*
Sectors
Low-tech- Medium-low ng}.l . and .
medium-high- Means difference
LT tech-MLT
(n=878) | (=1030) | (cch- AMHT
= = (n;=1053)
LT>MLT*%%*;
3,51 3,41 3,34 MLT>HMHT***;
LT>HMHT***

Note: *** denotes that means are different at 1% significance level.
Source: own calculation on the basis of data provided by the Statistical Office in

Szczecin™.

The descriptive analysis presented above is of limited use when
we areinterested in finding a qualitative relationship betweenR&D,
patents and firms’ innovation performance. In order to fulfill this
task, we applythe knowledge production function- KPF originally
developed by Griliches and Pakes (1980, pp. 377-381). In their
model the link between R&D and patent is called the “knowledge
production function”.Empirically, we use an extended version of the
KFP which connects both R&D and patents to a firm’s innovation
performance. Our version of the model regards patent as an
intermediaryinput in an innovation process. Due to the complexity of
knowledge/innovation production process we use a system of two
equations. The first equation connects R&D and patents with

% The Statistical Office in Szczecin is not responsible for any conclusions in this
publication.



innovation performance measured by the percentage of sales
corresponding to products new to the market. This measure of
innovation output allows us to assess the extent to which the use of
patents is associated with retaining profits from knowledge
embedded in innovations. The second equation models a link
between R&D and patents. According to innovation capital theory,
we introduceR&D investments among the regressorsin our two
equations, since we assume that R&D affects the firm’sperformance
directly and indirectly via patents.

Consistently with the literature in this area, I control for
technological opportunities and a firm’s size. The expectation is that
firms operating in a sector with plenty of technological opportunities
are assumed to be more innovative. Such an assumption is supported
by findings of Evangelista and Sirilli (1998, pp. 881-889) who report
that technological opportunity appears to be the most important
driving force of innovation across a sample of Italian firms. As
regards the firm’s size, it is expected that large firms have access to
financial resources and sophisticated equipment necessary for
innovation activity. However, the advantages of scale and scope
exhibited by large firms in the past seem to be less important
nowadays. Many firms are now following an open innovation
approach, sourcing much of their innovation externally (Chesbrough,
2003, p. 22).

Table 2 shows the results of the generalized structural equation
model estimation. As expected, firms’ R&D intensity appears to be
influencing innovation performance positively, as the parameter for
the variable is positive and significant. As far as the patent variable is
considered, the results indicate that there is a positive relationship
between the number of patent applications and innovation
performance. Similarly, Hall et al. (2013, pp. 603-629) find that
firms’ propensity to patenting is positively associated with
innovation performance measured by sale due to product innovation.
It is important to notice that the patentvariable is the “stronger”
variable than the R&D variable in the first equation. This finding
supports the claim that patent is an effective mechanism to
appropriate the returns from product innovation in the sample
firms.Relating to the second equation in our model, the R&D
intensity has a positive impact on patenting, which is a similar result
to that of Licht&Zoz (1998, pp. 307-338).



Table 2. GSEM estimates of the knowledge production function

Variable Coef. | Std.err. |z | p>1zl
INN<

IRD 0,33 0,11 3,01 0,00
PATENT 1,15 0,51 2,23 0,03
TO 19,41 6,65 2,92 0,00
S_M -5,71 2,67 -2,14 0,03
S_L -1,71 2,87 -0,60 0,55
CONST -6,03 3,36 -1,79 0,07
PATENT<

IRD 0,02 0,00 9,22 0,00
TO 2,79 0,30 9,36 0,00
S_M 1,46 0,26 5,64 0,00
S_L 2,41 0,26 9,38 0,00
CONST -3,91 0,28 -14,11 0,00
Log likelihood -7925.47

Source: own calculation on the basis of data provided by the Statistical Office in
Szczecin®.

Theanalyzesalso showthattechnological opportunities at the
industry level increase firms’propensity to patenting. This can be
explained by the fact that technological knowledge disclosed in
patent applicationsbuilds the stock of general knowledge which may
be useful for other investors of the same field. The same holds true
for the innovation performance. Turning to the second control
variable, the results suggest that medium and large firms are more
likely to apply for patents than small firms which is consistent with
our expectation. In the case of innovation performance, the size
effect is equivocal. It turns out that medium-sized firms have smaller
sales corresponding to products new to the market than small firms.
However, the size effect disappears in the case of large firms.

Conclusions

This paper produces a few important contributions for the theory
and practice on appropriability of innovation capital. First of all, it

*The Statistical Office in Szczecin is not responsible for any conclusions in
this publication.



focuses on both the perceived effectiveness of patent and the
relationship between patent and innovation performance. The
research results show that Polish manufacturing firms rarely use
patents as anappropriability mechanism. It has a direct impact on the
perceived effectiveness of patent, which is relatively low. It is worth
noting that the perceived effectiveness of patents increases with the
firm’s size and availability of technological opportunities. As regards
the innovation performance, two components of innovation capital,
i.e. R&D and patents, positively affect the percentage of sales
corresponding to products new to the market. These findings suggest
that Polish firms should invest resources in R&D activities and try to
apply for patents if it is possible.

The paper is not exempt from some limitations. The main
drawback pertains to the fact that firms usually introduce more thana
single innovation in a given period and use a set of different
appropriability methods. So it is difficult to isolate the impact of a
particular appropriability tool (e.g. patent) on innovation
performance. To overcome this limitation, future research should
focus on an innovation-level analysis and include a broader set of
appropriability mechanisms in the knowledge production function.
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