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Abstract

This study seeks to shed new light on the complex relationship between innovdions and
paents. The objective of the study is to contribute to our undestanding of which
innovaions are paentedN and which are notN by andyzing the paenting decision for
circa 800 Finnish product innovaions The daa is drawn from the Sfinno daabase
compiled a VTT Technical Research Centre of Finland. The econonetric andysis
indicates that various characteristics of the innovation, the market, and the innovaing
firm have a significant effect on the propensity to paent. First, there appears to be a U-
shgped relationship between firm size and the propensty to paent, which can be
attributed to a relatively large extent to economies of scale in the patenting activity as
well as to the relatively important role of paenting in start-up ventures. Second, the
estimation results suggest that largerN tha is, more novd and significantN innovdions
are paented more frequently than smaller ones. Third, technologicaly very complex
innovdions appear to be paented less often than others, while the fragmentation of
intellectud propety rights to cumulatively developing technology seems to entail high
propengtiesto paent.
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1. Introduction

To paent or not to paent: that is the question innovaors face when they succeed in
developing novd produds or processes. Theinnovdors need to contemplate whether it is
better to seek patent protection or strive to appropriate returnsto innovaion throughother
means such as secrecy, first-move advantages, and complementary capabilities. Various
scholars have noted tha the propengty to paent differs acrossindugries, firms, and kinds
of innovdions (e.g. Basberg, 1987; Griliches, 190; Patel and Pavitt, 1995; Archibugi
and Pianta, 1996; Kleinknecht et al., 2002) However, preciouslittle is known aboutthe
origins of such differences, especially at the level of innovaions and several issues
remain ambiguousin bath theoretical and empirica literature.

In the theoretical economnic literature on patents, the paenting decision is modded as a
profit-maximizing choice beween paenting and nonpaenting strategies (eg.
Horstmann et al., 1985 Scotchmer and Green, 1990; Waterson, 1990; Gallini, 1992;
Takao, 1998; Denicol” and Franzoni, 2003; Anton and Y a0, 2004; Kultti et a., 2007)
This literature is primarily conaerned with the optimal design and welfare effects of the
paent system on a very genera level. Hence most theoretical modds abgract from the
heterogenaty of indudries, firms, and innovdions and provide relatively little ingaght
into the determinants of the propengty to paent. And when relevant predictionsemerge
from the theoretical work, they can be very sensitive to the assumptions of the specific
modds. The Anton and Yao (2004) modd, for ingance, implies tha small innovdions
are paented while largeinnovdions are kept secret, whereas the Horstmann et a. (1985)
and the Denicol” and Franzoni (2003 modds arrive at the opposte condusior?.

Theempirica studies onthe propendty to paent have hitherto been geneaaly confined to
the use of indudry and firm-level data, and thus we have very little idea of how the
propengty to paent varies across different innovdions Moreover, dueto different and
sometimes problematic definitionsof the propendty to paent in these studies, the results
are not readily compaable. And when comparisons are attempted, contradictory
condusons seem to emerge The results of Schmookler (1966) Taylor and Silberston
(1973) and Bound et a. (1984) for ingance, suggest tha the propensity to paent
decreases with the scale of opeaations while Mandield (1986) Arundd and Kabla
(1998) Duguéd and Kabla (1998) and Arora et al. (2003)find suppot for the opposte
conduson. Hence furthe empirical research is required to broaden and deepen our
undestanding of the determinants of the propengty to patent.

The variations in the propendty to paent are not a trivial matter, but they do have
important implications for researchers and policy makers with an interest in innovdion
and technological change The paent system is an important policy ingrument tha can
be used to affect the allocation of resources for innovdive activities and the diffuson of
innovdions. Variationsin the propendty to paent can beindicative of differences in the
extent to which the paent system is utilized by different firms to approprate returns to
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different innovaions Furthemore, a thorough undestanding of the variationsin the
propendty to paent should be of great value to researches, policy makers, and others
who depend on paent daa in drawing conclusons about innovaion and technological
change

Thefact tha notall innovdionsare paented is often pointed out as a magjor limitation to
the use of paent statistics as an indicator of innovation (e.g. Griliches, 1990; Archibugi
and Pianta, 1996;Kleinknecht et a., 2002) AsHall et a. (20014) point out

Ounfortunately, we have very little ideaof the extert to which paterts arerepresertative
of the wider universe of invertions, sincethereis no systematc data about invertions that
arenot paterted Thisisanimportant, wide-open areafor future ressarchO

Whether small innovadions are paented while large ones are kept secret, or vice versa,
should have mgor implications for the utilization of paent daa in econonic research.
Moreove, undestanding the relationship between firm size and the propendty to paent
is essential in interpreting empirical studies on the Schurpeterian hypoheses® that use
paents as a measure of innovdion.

The objective of this study is to contribute to our undestanding of which innovdionsare
paentedN and which are notN by andyzing the patenting decision for circa 800 Finnish
produd innovdions contained in a unique innovaion daabase compiled at VTT
Technical Research Centre of Finland. With the help of econonetric methods this study
aims to shed new light on the following question: How is the propendty to patent an
innowation affected by the charaderistics of the innowation, the market, and the
innoating firm?

This pgper is structured as follows. Section 2 discusses issues related to the definition and
measurement of the propendty to paent. Section 3 lays out the background for the
innovdion-level andysis by introduang the data and outlining the hypotheses to be
addressed in the empirical study. Section 4 presents the econonetric modding and the
estimation results. Section 5 condudes.

2. The propensity to patent: definition and measurement

The relationship between ideas, innovadions and paents is not as clear and simple as it
appears in the theoretical literature. Idedlly, afirm encountrs an idealN or an investment
oppotunityN and decides whether it is worthwhile investing in developing the idea into
an innovadion. And if an innovdion is successfully developed, the firm then decides
whether theinnovdion should be patented. (Cf. Gallini, 1992;Takalo, 1998;Kultti et al.,
2007) In such a stylized context the definition of the propengty to paent as the fraction
of innovdions tha are paented is straightforward and unambiguousy defines the
relationship between innovdions and paents. In redity, however, it is possible tha



inventionsthat are not successfully implemented into practiceN and thusdo not qudify
as innovaions'N are neverthdess paented. On the other hand, not al inventions are
paentable even if they are successfully introduced to the market. It can aso hgppen tha
the innovdor decides to paent but the paent examing deams the innovdion
unpdentable and denies the application. Figure 1 illudrates the relationsip between
ideas, inventions innovdions and paents. Furthemore, a single innovdion can
sometimes be protected by a myriad of paents, while one paent can protect a set of
innovdions Thisfurther complicates therelationdhip beween innovadionsand paents by
making a clear-cut oneto-onemapping beween innovdionsand paents impossible. The
complexity of the relationhip between innovations and patents, togehe with problems
related to the definition and measurement of innowetion, give rise to anunmber of different
definitionsof the propengty to paent in theempirical literature.

Patents Innovations

Unpatentable innovations
Non-commercialized

patented inventions ! ) Non-patented patentable
Patented innovations innovations

Figure 1. Ideas inventions innowations and patents’.

Patents, R& D, and the patent production function. Scherer (1965)uses the number of
paents received pe thousnd R&D employees to measure the differences in the
propendty to pateent, althoughhe acknowledges this to be a crudemeasure of the paented
propottion of theinnovdion output. Taylor and Silberston (1973)and Scherer (1983)take
a relatively smilar approach and define the propendty to paent in terms of paents
obtained per unit of R&D expenditure. The results on the relationship between patents
and R&D are very complex to interpret, however, because they can be affected either by
the produdivity of R&D or the propensty to paent the results of tha R&D°P. In fact,
much of the research on the paents-R&D relationship is primarily concerned with the
produdivity of R&D, while variations in the propensty to paent are only discussed
because they can compromise the interpretability of the results obtained. For ingance, it
isamatter of speculation whether the negative relationship between theratio of paents to



R&D and the scale of R&D activities or firm sizeN observed in a nunmber of studiesN
arises as a result of declining R&D produdivity, decreasing propendty to paent, or
something else (e.g. Scherer, 1965, 1983; Schmookler, 1966; Taylor and Silberston,
1973; Bound et a., 1984; Griliches, 1990) In order to distinguish the propensity-to-
paent effect from the produdivity effects, Brouwer and Kleinknecht (1999) seek to
control for theinnovdion output rather than the innovaion inputs by induding the sales
of innovdive produds as a control variable in thar paent produdionfundion.

Survey evidence on the propensity to patent. Indead of seeking to make inferences
about the propendty to paent by estimating the paent produdion fundion, severa
innovdion surveys have directly asked the firms about the fraction of innovdionsthey
genegdly paent (e.g. Mandield, 1986; Arundd and Kabla, 1998; Dugud and Kabla,
1998; Cohen et a., 2000; Arora et a., 2003) The survey approach alows for the
congdruction of a direct measure of the propengty to paent that is closly in linewith the
theoretical definition of the propendty to paent as the fraction of innovdions that are
paented. Mandield (1986) defines the propensity to paent as the percentage of
paentable inventions tha are paented, while the more recent surveys define it as the
percentage of innovaions for which a paent application is filed’. Since in redlity a
number of patent applicationscan befiled for asingle innovdion, the propengty to paent
should accordingly be undestood as the fraction of innovaions for which at least one
paent applicationisfiled. Thisistheddinition adopied for the present study.

3. Towardsaninnovation-level analysis of the propensity to patent

As argua in the introdudion, innovdionlevel daa is needed to advance our
undestanding of the determinants of the propendty to paent. De Melto et al. (1980)
Saarinen (2005) and Van der Panne and Kleinknecht (2005) are among the very few
studies tha have provided innovdion-level information on the propendty to paent.
These studies, however, do not take the andysis of the propengty to paent very far. De
Melto et al. (1980) and Saarinen (2005) address variationsin the propengty to paent in
the context of Canadian and Finnish innovdions respectively, by cross-tabulating the
percentage of innovaionspaented agang other variables of interest. Van der Panneand
Kleinknecht (2005) seek to take the andysis a step further by andyzing a sample of
Dutch innovdions Ther logit andysis, however, is confined by a limited nunber of
observations (N = 216) and explanaory variables (5). The Sfinno database compiled at
VTT Technical Research Centre of Finland allowsfor adeailed innovdion-level andysis
of the propengty to paent, which smultaneoudy consders a nunber of relevant factors
hypotesized to affect the paenting decision.



3.1 Sfinno methodology and data

The Sfinno methodobgy builds upon the object-based method of collecting daa on
innovdive activities directly at the level of individud innovdions (cf. Kleinknecht and
Bain, 1993) It combines the literature-based method with the expert opinion method in
orde to produe a comprehendve daaset with a good coverage across different
indugries and firm size groups (Pambeg et a., 2000) A systematic review of 18
carefully selected trade and technical joumds from the period 19851998 has been
complemented with a review of annud reports of large firms from the same period and
with expert opinion-based identification of innovations (Pamberg et al., 1999, 2000;
Saarinen, 2005) The review of joumds resulted in the identification of some 1100
innovdions and the annud reports and expert-opinion yielded about 500 additiond
innovdionsgiving rise to a daaset of approximately 1600innovdions In line with the
Schunpeerian definitions(Schumpeter 1912)and drawing loosly uponthe Oslo Manud
(OECD, 1997) the Sfinno approach defines an innovdion as an invention tha has been
commerciaized onthe market by abusness firm or an equivalent, and theinduson of an
innovdion in the daabase requires tha the innovaion is a technologically new or
significantly enhanced produd compared to the firm@ previousproduds (Pamberg et dl.,
1999, 2000) Since the Sfinno-approach relies heavily on public sources in the
identification of innovdions it is clearly more condudve to studying produd than
process innovdions Hence innovaionsonly developel for thefirm@ internd use are not
indude in the Sfinnodaabase (1bid).

In order to collect additiond data on the innovdions and the development processes, a
survey questionnare was sent to respondents knowedgeable about the innovdionsin
guestion. Identification of an allegedly relevant respondent was possible for some 1300
innovadionsand around800 questionnares were returned, giving rise to arespon rate of
over 60 percent (Tanayama, 2002). Moreover, the survey data was complemented with
firm-gpecific daa from Statistics Finland and paent daa from the Nationd Boad of
Patents and Regigtration of Finland. This study is based on a sample of the survey daa
for which therelevant variables are available. The sample contains 791 innovaionsfrom
555 firms. Figure 2 shows the nunber of firms in the sample with a given number of
innovdionsin the sample. Thefact tha the daa containsseveral innovaionsfrom certain
firms suggests tha the observationsmay be subject to within-firm correlation. Thisissue
will be addressed in Section 4.
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Figure 2. Firmsin thesanmple with a given nunber of innowations

An important limitation to innovaion-level daa collection is that it cannot be based on
standad datistical sampling since the popuktion of innovdions is unknown (eg.

Pamberg et a., 1999, 2000; Lepp3ahti, 200Q Pamberg, 2001; Tanayama, 2002;
Kleinknecht et a., 2002) Hence, as Tanayama (2002) points out, there is a trade-off

between obtaining innovdion-level data and collecting data with the desired statistical

propeaties. According to Palmberg (20013), data collection in the spirit of the Sfinno
approach could ingead be described as Ga designed census with the aim of identifying all

possible produds adhaing to the specific definition usedO Furthermore, Palmberg (2007

argues that Qhe coverage of the [Sfinno] database in terms of indugries and firm size
groupsis nonehdess relatively representative of innovadive activity in Finnish indugryO
(cf. LeppSahti, 2000; Pamberg et al., 2000) All in all, it can be argued tha the Sfinno
database is relatively representative of significant Finnish produd innovaions

3.2 Hypotheses on the deter minants of the patenting decision

Given theinnovdion-level naure of the daa, the dependent variable for the econonetric
andysis of the propengty to paent takes the form of a binary variable (PATAPP)
indicating whether at least one paent application was filed for the innovdion. It is of
consdeable interest as such tha paent protection was soughtfor less than 60 percent of
the 791 relatively significant produd innovdions contained in the sample. This
sub<ection outlines the main hypotheses on the determinants of the propendty to paent
emerging from bath empirical and theoretical literature, while also introduang the
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variables designed to capture these determinants. A summary of the variablesis provided
in Appendix 1.

Firm characeristics. Therelationship between firm size and the propengty to paent has
been a subject of interest for quite some time, but the evidence remains incondusve.
Even thoughrecent research suggests a postive relationship (Arundé and Kabla, 1998;
Duguéd and Kabla, 1998; Arora et a., 2003) there are reasons to bdieve tha the
relationship might not be as clear-cut as these studies indicate. For onething, the smallest
firms are missing from mog of the studies, while theinnovaion-level studies of Saarinen
(2005)and Van der Panneand Kleinknecht (20095 suggest that very small (young firms
can exhibit high propengties to patent. Moreover, firm size might nat be independent of
the characteristics of innovdions Reinganum (1983)and Hendeson (1993) for indance,
demondrate tha entrants can have greater incentives to invest in Gufficiently radical
innovdiong) Convasely, Schmookler (196635) argues that one cannot doubtthéa the
largest-scale inventions are usudly attempted in large firmsQ All in al, it seems clear
tha the differences in the propengties to paent observed in the firm-level investigaions
might also reflect differences in the characteristics of innovaions notonly some inherent
firm size-related paenting propendties. Hence it is of great importance to control for the
characteristics of innovdionswhen investigaing the impact of firm-level factors on the
propendty to paent, and vice versa

A naural explandion for the postive relationship between firm size and the propensty to
paent is tha econonies of scale exist in paenting dueto the fixed cog of maintaining a
legd depatment dealing with intellectud propeaty rights (e.g. Scheer, 1965 Lerne,
1995; Arundéd and Kabla, 1998 Dugued and Kabla, 1998;Licht and Zoz, 1998; Cohen et
al., 2000;Hall and Ziedonis, 2001) Dueto thar smaller scale of opaations small firms
usudly cannot spread the fixed cods of paent acquisition and enforcement over as large
avolume of inventionsas the large firms. There may also be potential for learning curve
benefits in the patenting activity. Lerner (1995) for indance, suggests tha firms learn to
manage internd and externd counsl more efficiently when they accumulate experience
of litigaion. This gives rise to a significant learning curve in the paent litigation process.
All in al, it has been argued tha smal firms cannot utilize the paent system as
efficiently as larger firms because obtaining and enforcing paents can be prohibitively
cogly for many small firms with minima paent portfolios (e.g. Cohen et al., 2000;
Lanjouw and Schankerman, 2004; Parchomovky and Wagne, 2005) Lanjouw and
Schankerman (2004) for ingance, find that thelitigationrisk declines with the size of the
paent portfolio. These consderationsgive rise to thefollowing hypathesis:

Hypothesis 1a: The propendty to patent increases with the scale of patenting.
Despite the problems tha a small firm might experience in obtaining and enforcing

paents, there are several reasons why small firms might patent more intensvely than
others. Levin et a. (1987) and Barnett (2003, for ingance, argue tha small start-up



ventures can be more dependent on the patent system than larger firms, because other
means of appropriating returns to innovdion, such as first-mover advantages and
investment in complementary sales and service efforts, may not be viable alterndives.
Similarly, Griliches (19901678167 7)suggests tha for small firms

OE paterts may represert their major hope for ultimatke succes and hence would lead
themto pursue them with more vigor. A well-esalished major firm doesnot deperd as
much on currert paterting for its viahility or the survival of its market position. Thus,
evenat anequal underlying invertiveness rates the propenrsity to patert may be lower for
large firms atleag relative to the successful new entrants in their field.O

Small start-ups may often be unale to commercialize thar innovdions efficiently in
embodied form (Cohen and Klepper, 1996) and they thusseek to exploit thar innovdive
technologies throughlicensing or througha complete tranger of intellectud propety. In
such situaions paents are important for redudang transaction costs and facilitating trade
in immaterial propaty (Aroraet a., 2001) Moreover, paents can play an important role
as signds of attributes of the firm and the innovdions tha are deemed positive by
outsiders such as venture capitalists and potential collaborators (e.g. Cohen et al., 2000;
Kortum and Lerner, 2000; Long, 2002; Hall, 2005). The need for external funding in
start-up ventures can also encourage patenting because in order to attract funding the
innovaor mug usudly disclose the details of theinnovaion (Kortum and Lerner, 2000.
This can rende secrecy a problematic means for appropriation, making formal propeaty
rights such as paents an attractive aternaive. Hence the following hypothesis is
proposd:

Hypothesis 1b: Start-up ventures exhibit high propengties to patent.

Theabovediscussionimpliesthat therelationhip between firm size and the propengty to
paent may well be norrmonobnic. Hence, dunmy variables representing four size
classes are used to capture the potentially nontlinear relationship between firm size and
the propengty to patent. The classes of less than 10, 10809, 1008899, and 10000r more
employees give rise to dummy variables EMPL, EMP2, EMP3, and EMP4, respectively.
In order to disentangle the different size-related effects proposd in Hypotheses 1a and
1b, additiond variables for the scale of paenting and the start-up status of the innovdor
are needed.

An innovding firm is defined as an innovdive start-up if theidea for the innovdion had
arisen before or during the year in which the firm was established. The start-up statusis
coddl as a binary variable (STARTUP). Unfortunately, the condruction of a measure for
the scae of paenting is somewha problematic because the daa does not contain
information on the dae a paent application was (possibly) filed for the innovaion.
Hence it is possible tha the decision to paent ends up affecting the variable designed to
measure the scale of prior paenting, causng simultaneous causaity. A measure that
should not be very sendtive to such smultaneous causdity is the number of paent
applicationsthe firm filed (at the Nationd Board of Patents and Registration of Finland)
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the year before the development of the innovdion started (PATENTS). This is based on
the assumption that some development work needs to be undetaken before the origind
idea can betrandated into a patentable application. The problem of simultaneouscausality
will beassessed in Section 4 by testing the exogendty assumption of PATENTS.

Innovation and market characeristics. The characteristics of the innovaion and the
market are discussed together since they are highly interdegpendent and even inseparable.
Innovdions can redefine existing markets, change the market structure, or even create
totally new markets. On the other hand, the value of innovdionsis determined to a great
extent by the characteristics of the market, such as demand and competition.

Theoretical econonic literature suggests that the size of an innovdion can have an effect
on the propengty to paent the innovaion. Denicol™ and Franzoni (2003) assess the
impact of the size of innovaionson the propensity to paent in the context of the contract
theory of paents and find tha unde the assumption of a linear demand fundion,
innovdionsare more likely to be patented if they are large Thisisbecause therival hasa
greater incentive to dudicate theinnovdioniif it is large, while paenting can be used to
block duplication and secure monopoy profit for the duration of the patent. Horstmann et
a. (1985) arrive a a smilar conduson when studying paents as information trander
mechanisms. They modd a game of drategic patenting in which the rival can draw
inferences about the innovador@ private information on the basis of the paenting
decision. Ther reasoning for thefindingis, however, very different from tha of Denicol”
and Franzoni (2003) Horstmann et al. (1989 argue tha, in the context of a cos-reduang
innovaion, a greater cost redudion raises the innovaor@ output in the produd market
and thus makes imitation less attractive. Hence the decision to paent need not convey
such a strongsignd of unprofitability of imitation and paenting can be allowed to occur
more often. Anton and Y ao (2004) on the othe hand, arrive at the opposte conduson
on the basis of ther modd of cog-redudng innovation. In the Anton and Yao modd,
paents offer limited protection while entailing disclosure of enabling knowledgeto rivals
as well as providing a signd of the total knowledge of the innovaor. Anton and Yao
(Ibid:3) arguetha GE wesk propaty rights imply disclosure incentives tha are relatively
stronge for smaller innovadions and as a result, larger innovdions are protected more
throughsecrecy as arespons to the problem of imitationO

Protection from imitationN rather than signding of cog-efficiency to competitors, which
plays a central role in the Anton and Yao (20049 moddN is condantly reported as the
primary motive for patenting in innovdion surveys (e.g. Dugud and Kabla, 1998;Cohen
et a., 2000;Blind et a., 2006) Hence the hypotesis about the relationship between the
size of innovaionsand the propengty to paent is based on the findingsof Denicol™ and
Franzoni (2003) and Horstmann et al. (1985) which are also in line with the empirical
investigationsof De Melto et al. (1980)and Van der Panneand Kleinknecht (2005) This
expectation is further butiressed when the assumption of the theoretical modds tha all
innovdions are paentable is relaxed. In order to be paentable, an invention has to be
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indugrially applicable and of paentable subject matter, and it needs to satisfy the
requirements of novdty and nonobviousess. Conequently, firms are likely to expect
tha paents be granted for large innovdions with a highe probaility than for smaller
ones. This is probably taken into account when making the patenting decision. On the
basis of these congderations thefollowing hypothesisis putforth:

Hypothesis 2: Largeinno\ationsare patented more frequently thansmaller ones.

Measurement of the size of innovdions or classification of innovdions with respect to
thar size is a problematic issue even from the theoretical perspective. The complex and
multidimensond naure of technological changemakesit difficult to distinguish between
large and small innovdions especially as innovdions can be large in some dimensons
while being small in others (cf. Hendason, 1993) The sizeN or radicalnessN of an
innovdion can be ddined, for ingdance, in terms of the technological novdty or
magnitude of improvement and the sodo-econonic impact of the innovdion (eg.
Schunpeer, 1912; Freeman and Perez, 1988) the magnitude of cos redudion and the
economic implications of the innovdion on the market structure (e.g. Arrow, 1962) or
the effect the innovdion has on the competendes of firms (e.g. Abernahy and Clark,
1985)

Furthermore, even if a certain theoretical definition of the size of an innovaion is
adopied, empirical measurement of thesize is hardly straightforward. In order to address
Hypothesis 2, the present study seeks to measure the size of the innovdions by
introduadng four binary variables that capture different dimensons of the novdty and
significance of theinnovaions The variable NOVFIRM is coded as onefor innovdions
tha were specified as entirely new rather than major or minor improvements relative to
theinnovaing firm@ existing produd by the survey respondent from the firm. Similarly,
NOVMARK is coddal as oneif the innovdion was specified to be new on the world
market rather than jugt on the Finnish market. The variable SCIENCE seeks to proxy the
technological novdty of the innovdion. SCIENCE is codeal as oneif a new scientific
breakthrough was specified as an important or very important (on a four-point Likert
scale) factor for initiating the development of the innovaion. Findly, the variable
SIGNIF isintroduced to pick out thetruly significant innovaions This variable is based
on a survey of expets drawn from indudry, academia, and the public sector (see
HyvSnen, 2001for deails of thesurvey and thedata). The experts were asked to evaluae
the significance® of the Sfinno innovdionsrelating to ther area of expertise on a four-
point Likert scale (1P4). SIGNIF is codal as oneif the mean score for the innovaion is
3.5 or more.

Anothe attribute of innovaionsthat can affect the propengty to paent isthe complexity.
Scherer (1983)and Levin et a. (1987) for indance, suggest that patenting of complex
technological systemsis more difficult than paenting of more discrete innovaions Levin
et a. (1987 argue tha the novdty of a discrete innovdion can be relatively easly
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demondrated in a paent application and infringamnent is relatively easy to verify when
innovdions are discrete. This is clearly more difficult to do for complex systems.
Moreover, technological complexity can make innovaionsmore difficult to imitate, thus
redudng the need for paent protection. These arguments give rise to the following
hypohesis:

Hypothesis 3a: Very conmplex innowationsare patented less often thanothers.

The reasoning that led to Hypothesis 3a drew upon the impact of the technological and
physcal character of an innovdion on the effectiveness and attractiveness of paents as a
means for appropriation. On the other hand, complex technologies tha are developed
cumulatively may be subject to a high-degree of technological interdependence between
competing firms (e.g. Cohen et a., 2000; Hal and Ziedonis, 2001) In such
environments, firms can be highly dependent on cross-licenang as the intellectud
propety rights required to market a certain produd ge fragmented to a number of
players. This is because such technological environments give rise to wha Shapiro
(20001ER) calls a paent thicketN that is, Ga dense web of overlapping intellectud
propety rights tha a company mug hack its way through in order to actudly
commercialize new technologyO Firms may enter into paent portfolio races in order to
improve thar barganing postionsrelative to others, leading them to paent inventions
tha would otherwise be left unpdented (Hall and Ziedonis, 2001). Hence the following
hypohesisis suggested:

Hypothesis 3b: Cumulative technologies entail high propengties to patent.

In order to disentangle the different complexity-related effects proposed in Hypotheses 3a
and 3b, two binay variables are condructed. First, thevariable COMPLEX isdesigneal to
capture the technological and physcal complexity of theinnovaionsrelevant for testing
Hypothesis 3a COMPLEX is codeal as oneif the innowetion was classified as highly
complex in Hyvinen® 4-category taxonomy (e.g. Tanayama, 200256E67; Saarinen,
20051600161) by the VTT researchers. Hyv3nen® définition of a highly complex
innovdion is identica to the corresponding definition by Kleinknecht et al. (199344).
Highly complex innovdions are defined as systems conssting of numerous pats or
components originaing from different disciplines. Second, thevariable CUMULTECH is
designed to proxy the technological interdependence resulting from fragmentation of
intellectud propety rights (IPR) to cumulatively developing technologies (cf. Hypothesis
3b). CUMULTECH is codal as one if availability of a license was specified as an
important or very important (on a four-point Likert scale) factor for initiating the
development of theinnovaion.

One of the most robug findings emerging from the empirical literature is that the
propendty to paent varies across indugrial sectors. The origins of such differences are
not entirely clear, however, since the variationscan arise, for ingdance, as a result of the
technological naure of theinnovadionsor the characteristics of the markets. The software
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indudry, for indance, probably experiences low propensties to paent because of issues
related to the paentability of software rather than because of othe attributes of the
indudry such as concentration. On the other hand, Denicol™ and Franzoni (2003) argue
tha tight competition in the produd market discourages duplication by therival and thus
makes paenting less attractive relative to secrecy for the innovdor. Hence, while
acknowledging the importance of controlling for differences in the technological naure
of innovdionsin theempirical andysis, thefollowing hypothesisis putforth:

Hypothesis 4: The propengty to patent declines with produd market competition.

Unfortunaely, empirical measurement of the degree of compsition is a prevailing
chdlenge in empirical indudrial organization. This makes testing of Hypothesis 4
problematic. Measures of market concentration such as the HerfindahlEHirschman index
and conaentration ratios follow standad definitions and can be objectively measured
once the markets of interest are identified. However, such data is usudly only readily
available for indudria sectors and on a given level of aggregaion and thus does not
necessarily correspondto the relevant markets of interest. Conequently, a rough proxy
emerging fromthe Sfinnodaais used to measure the degree of competitionin this study,
insead of measures such as concentration ratios’. The binay variable PRICOMP is
coded as one if price competition was specified as an important or very important (on a
four-point Likert scale) factor for initiating the development of the innovdion by the
survey respondeant from the firm. The usefulness of this variable as a proxy for the degree
of produd market competition hinges on the assumption tha the ex post product market
competitionN that is, competition after the innovation is introduced to the marketN

correlates strongly enoughwith the ex ante competitionN that is, competition before the
market introdudion of theinnovdion.

Control variables. In addition to the potentia determinants of the propengty to paent
outiined in the preceding hypotheses, several other factors can be expected to influence
the propengty to paent. In order notto introduc omitted-variable bias into the estimates,
it isimperative to control for such factors in the empirical andysis. The control variables
used in this study are outlined bd ow.

First, the results of Brouwer and Kleinknecht (1999) Van de Panne and Kleinknecht
(2005) and Peeters and Van Pottel sherghe de la Potterie (2006) indicate that firms tha
engage in R&D collaboration exhibit highea propendties to paent than othes. It is
argual tha this is due to the need to protect proprietary knowledge in the face of
collaborative knowledge sharing and to clarify issues of ownership over co-developal
innovdions (e.g. Brouwer and Kleinknecht, 1999 Peeters and Van Pottelsberghe de la
Potterie, 2009. The answers to the Sfinno survey question on whether the development
of theinnovdion had involved collabaration with externd patners give rise to a binary
variable COLLAB that can be used to control for such an effect.

13



Second, it has been suggested that exporting activities tend to have a positive effect on
the propendty to paent (e.g. Arundé and Kabla, 1998; Licht and Zoz, 1999. The Sfinno
database contains information on whether the innovation has been exported. On the basis
of thisinformation, a binary variable INNOEXP is condructed.

Third, sets of dummy variables are introduced to control for differences in the propengty
to paent across technology classes and time periods Ten technology class dummies are
condructed on the basis of the technology classification presented in Appendix 2. The
dummies refer to the onedigit technology classes with the exception tha the two-digit
classes of @grochemistry and fooddemistryGand @nvironmental technologyQere picked
out from thar respective onedigit classes because the propengty to paent in these two-
digit classes differs significantly from the propendty to patent in therest of the onedigit
class. Moreover, a set of eleven time period dummies is condructed so tha for the early
years as well as for the mog recent years the time period classes contain more than one
year. Such classification is used in order to have a sufficient number of observationsin
each time period class since the observations are not uniformly distributed in time, as
shown in Figure 3. Appendix 1 summarizes al thevariablesintroduced above

60
]

40

Number of innovations in the sample
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Commercialization year of the innovation

Figure 3. Distribution of obervationsowver time.
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4. Econometric analysis

This section lays out the econonetric modd to be estimated (Subsection 4.1) and presents
the estimation results (Subection 4.2).

4.1 Innovation-level model for the propensity to patent

Formulation of amodd for the propengty to paent at thelevel of innovaionsrequires an

innovdion-level ddinition of the propendty to paent. Following the frequency

interpretation of probability assodated with probability theorists such as John Venn

(1876) the probability of an event can be interpreted as the relative frequency of

occurrences of the event within a reference class. Hence the definition of the propengty

to patent as @he fraction of innovaionsfor which at least onepatent application is filedO
gives rise to a corresponding probability interpretation. The propendty to paent can be

undestood as the probability tha at least onepaent applicationisfiled for an innovaion

bdonging to a given reference class (cf. Arora et a., 20036). More formaly, the

propengty to paent an innovdion can be defined as the conditiond probability:

"1 if at least one patent application is filed, and (1)
Pry =1[x], where y =# _
$0 otherwise,

andx " (X, X,,...,X« ) is a vector oK variables that determines the reference ¢

The probability definition of the propendty to paent allows for a formulation of a modd
for the propengty to paent in the spirit of random utility modds (RUMs). Following
Train (200318ER1), themodel is specified as follows:

i. An innovding firm files a paent application for its innovdion if the (expected)
payoff given the patent application, U, is highe than the (expected) payoff when
no paent applicationisfiled, Uo.

ii. Uz and Uy are known to the innovaing firm, but not to the researcher. Indead, the
researcher observes x, a vector of ob%rvable attributes of the innovdion, the
market, and theinnovaing firm.

iii. Following therandomutility formulation, the payoffs are decomposd as

U, =Vi(x) +/,, 2
Uo =Vo(X) +/,
where Vi(X) and Vp(x) are fundionstha relate the observed attributes, x, to the
payoffs U; and Uy, respectively, and /1 and /o capture the differences beween U;

and Vi(x), and Uy and V(X), respectively. Because /; and /o are not known to the
researcher, they are treated as randomvariables.
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iv. The propendty to paent conditiond on the obrvable attributes, x, can now be
specified as
Pr[y =1jx| =Pr[U, >U,] (©)
=Pr[Mi(X) + 1, >V (x) + 1]
=Pr/y" 1, <VI(X) " Vo(X)]
=F(M)" Vo(x)),
where F isthecumulative distributonfundionof /! /o B/;.

Following the conventiond practice, Vi(x) and Vo(x) are assumed to be linear in
parametersN tha is, Vi(x) = x¢81 and Vo(x) = x«4Bo. Moreover, /o and /4 are assumed to be
distributed independently of x, while a naural behavioral assumption for /; and /gis tha
they are nomally distributed. Hence, /! /o B/; isaso nomally distributed. Furthermore,
an innoent nomalization of the mean of / to zero and the variance to unity is now
possible as long as the modd contains a congant term. Under these assumptions the
modd for the propendty to patent becomes the standard probit modd for binary choice:

Pr[y =1jx] = F(Vi(x)" V4 (X)) (4)
=F(x%$," $,))
= F(x$)
= %(x7$),

where " isthe standad nomal cumulative distributon fundionand 8! g1 B o isthe
vector of parametersto be estimated.

Owing to the object-based method of daa collection, the Sfinno data contains multiple
innovaionsfrom certain firms (cf. Figure 2); thusthe observationsare potentialy subject
to within-firm correlation due to unobgrved firm-specific effects. Hence, the standad
assumption of independence of ob%ervations fails, and the cluger sample characteristics
of thedaamug be accounted for when themodd is estimated.

In what follows, as in Wooldridge (2002) i indexes the cluger (i.e. the firm), g indexes
theunit (i.e. theinnovaion), and N is thetotal number of firms and G; thetotal number of
innovdions by firm i in the daa As the standad assumption of indegpendence of
obervationsfails, the specification of thejoint distribution of yi ! (yi1,E, Vic) conditiond
on x;i ! (Xi,,E, Xigi) for each cluser i becomes complicated. Hence the traditiond
maximum likelihood estimator (MLE) based on specification of f(y#x;), the full joint
dengty of y given x, cannot be readily utilized. However, assuming tha the univariate
dengties fy(yg#Xg; 8) are correctly specified for each g, the pooled probit modd

Pr[yig = 1|Xig] =" (ng$), g=1...,G (5

can be congstently estimated by a quasi-MLE tha solves
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mﬁaxzzlog fo(Vio[xig:B) ©

wherelog fg(yig|xig ;ﬁ) = Yig log®(xigB) + (1- yig ) log[1- D(x[e)].

Wooldridge (2002) calls this the patial maximum likelihood estimator (PMLE).
Congstency of the PMLE does not require that $ ¢ fg(yg#Xg;B) IS the density of y given
some set of condiioning variables. However, dependence of yi,E, ya results in the
failure of the information matrix equdity; thuscluster-robug asymptotic variance matrix
and cluder-robug test statistics need to be computed ingead of the usud ones. (See
Wooldridge 2002401P410for details on estimation and inference usngthe PMLE.)

Thepaameter estimates tha result from the estimation of the pooled modd are generdly
referred to as popuktion averaged since the random effects are averaged out (Cameron
and Trivedi, 2005787). The popuation-averaged parameters should be expected to differ
from those of an unobrved effects modd which conditions aso on the unobgrved
cluger-specific effects. However, the patia effects of the pooled modd can be
interpreted as the average partia effects (APES)N tha is, as patia effects averaged
across the popuktion distributon of the unobrved heterogeneityN of the unobgrved
effects modd as long as the cluder-specific effects are indegpendent of the indudead
explanaory variables (see Wooldridge 200222-24, 4700472 4822490)

4.2 Estimationresults

Table 1 contains the patiad maximum likelihood estimates for two different
specifications of the pooled probit modd. The first specification of the pooled probit
modd (Pooled Probit 1) contains only the firm size dummies and the control variables.
The purmpos of this endeavor is to check whether the findingsemerging from the Sfinno
sample are consistent with the previous firm-level studies if the newly introduced
variables are ignored. Moreover, estimation of this specification provides a point of
reference for examining how the results change when the hypothesized determinants of
the propendty to paent are accounted for. The second specification (Pooled Probit 2)
containsal the variables introduced in Subsection 3.2 with the purpose of shedding light
onthehypoheses outiined in tha subsection.
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Table 1. Estimation results for Pooled Probit 1 and 2.

Dependent variable: PATAPP

Pooled Probit 1

Pooled Probit 2

Independent variables Robust Partial Robust Partial
Coef. Std. Err. effect’ Coef. Std. Err. effect’
Firm size classes
EMP2 -0.3193** 0.1346 -0.1238** -0.0341 0.1601 -0.0136
EMP3 -0.5223*** 0.1471 -0.2046*** -0.2512 0.1804 -0.0993
EMP4 -0.2690 0.2465 -0.1038 -0.2605 0.2575 -0.1028
Other firm characteristics
PATENTS 0.0160** 0.0070 0.0064**
STARTUP 0.3038** 0.1407 0.1206**
Innovation and market characteristics
SIGNIF 0.6566** 0.2974 0.2463**
NOVFIRM 0.4636*** 0.1306 0.1831***
NOVMARK 0.8850*** 0.1148 0.3362***
SCIENCE 0.3118** 0.1483 0.1231**
COMPLEX -0.5699** 0.2740 -0.2170**
CUMULTECH 0.5651** 0.2281 0.2155***
PRICOMP -0.2415* 0.1294 -0.0960*
Technology classes (ref. CONSUM)
ELECTRO -0.1712 0.3063 -0.0653 -0.1031 0.3329 -0.0411
INSTRU -0.0997 0.2887 -0.0376 -0.0642 0.3161 -0.0256
CHEM 0.2382 0.3723 0.0837 0.1622 0.4053 0.0644
AGRI&FOODCHEM -0.4295 0.3431 -0.1677 -0.2988 0.3592 -0.1176
PROCTECH 0.0990 0.2891 0.0360 0.3322 0.3119 0.1300
ENVIRO 1.1122** 0.4614 0.2836** 1.1652** 0.5231 0.3767**
MACH 0.2091 0.2871 0.0740 0.5288* 0.3201 0.2011
EARTH&WATER 0.0601 0.3403 0.0220 0.0773 0.3626 0.0308
SOFT -1.4929*** 0.3834 -0.5155*** -1.4103*** 0.4025 -0.4225***

Time periods (10 dummies)
Other control variables

See Appendix 3 for the estimates

See Appendix 3 for the estimates

COLLAB 0.1903 0.1416 0.0722 -0.0717 0.1430 -0.0286
INNOEXP 0.2360** 0.1150 0.0885** 0.0552 0.1186 0.0220
Constant 0.0626 0.3204 -1.0853*** 0.3652
Robust Wald tests for joint hypotheses X (df) p-value X (df) p-value
Ho: All coefs zero (exc. constant) 82.21 (24) 0.0000 189.51 (33) 0.0000
Ho: All firm size class coefs zero 13.67 (3) 0.0034 2.60 (3) 0.4570
Ho: All tech. class coefs zero 47.95 (9) 0.0000 50.60 (9) 0.0000
Ho: All time period coefs zero 16.56 (10) 0.0846 22.78 (10) 0.0116
Number of observations 791 791
Number of clusters 555 555
Log pseudolikelihood -461.3642 -393.72924
McFadden's pseudo R? 0.145 0.270
Efron's pseudo R? 0.187 0.335
McKelvey and Zavoina's pseudo R? 0.288 0.472
Percent correctly predicted
for observations with PATAPP=1 88.77 86.12
for observations with PATAPP=0 41.84 66.77
for all observations 68.77 77.88

Significance level notation: *** 1%, ** 5%, * 10%.

“The partial effects are estimated at a point where firm size, technology class, and time period dummies are all zero and other variables
are assigned their mean values. The partial effects are computed as discrete changes in the propensity to patent for binary variables and
as a partial derivative for the variable PATENTS. The significance level notation for the partial effects is based on standard errors

computed using the delta method.
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Hypotheses 1aand 1b. The estimation results for Pooled Probit 1 show a nonrmononic
U-shaped relationship between firm size and the propengty to paent. Thisfinding can be
argudl to be in accordance with the survey evidence of the postive relationship between
firm size and the propengty to paent (e.g. Arundel and Kabla, 1998; Dugud and Kabla,
1998; Arora et a., 2003) since the firm-level surveys have largdy ignored the smallest
firms. The results for Pooled Probit 1 suggest tha among the relatively large firms, the
propendgty to paent inaeases with firm size. While beng ignored in the firm-level
studies, small start-up ventures are well represented in the Sfinno sample. Pooled Probit 2
provides statistically significant (at the 5 percent significance level) evidence of relatively
high propengties to paent in start-up ventures, thuslending suppot to Hypothesis 1b.
Moreover, Pooled Probit 2 lends suppot to Hypothesis 1a which holds tha the
propendty to paent increases with the scale of paenting, by showing a postive and
satistically significant (at the 5 percent significance level) effect of the variable
PATENTS on the propendty to paent. The U-shgped relationship between firm size and
the propengty to paent appears to be captured relatively well by thevariables for start-up
ventures (STARTUP) and the scale of paenting (PATENTS). Once STARTUP and
PATENTS are indudad in the modd, the null hypothesis of the codficients of the firm
size dunmies all being zero can no longe be rgected at any meaningful level of
significance. Unfortunaely, as discussed in Subsection 3.2, the variable designad to
account for the scale of paenting may be subject to simultaneous causality. Such
endogenaty can compromise the validity of the evidence in suppot of Hypothesis 1a
However, it is somewha reassuring tha if the variable PATENTS is excluded from the
modd, the coeficient of EMP4 inareases as expected. The exogendty assumption of
PATENTS will beformally tested at the end of this subsection.

Hypothesis 2. The results for Pooled Probit 2 provide suppot to Hypothesis 2, which
propo%s tha large innovdions are paented more often than othes. All variables
designed to capture different dimensonsof the size of innovdions(SIGNIF, NOVFIRM,
NOVMARK, SCIENCE) display postive coefficients and sizeable positive patid
effects. The coeficients and partia effects can be conduded to differ from zero at least at
the5 percent significance level.

Hypotheses 3a and 3b. The estimation results lend suppot to the hypaheses related to
the effect of the complexity of innovaions on the propendty to paent. The variables
designed to capture thetechnologica complexity of theinnovaions(COMPLEX) and the
fragmentation of intellectud property rights (IPR) to cumulatively developing technology
(CUMULTECH) hdp to disentangle the opposte complexity-related effects discussed in
Subsection 3.2. Firgt, the coeficient and patial effect of COMPLEX are negaive and
statistically different from zero (at the 5 percent significance level), suggesting tha very
complex innovdionsare paented less often than othersN as proposed in Hypothesis 3a
Second, the codficient and partial effect of CUMULTECH are postive and statistically
different from zero (at least at the 5 percent significance level). The finding tha
dependence on the availability of alicense in the development of an innovdion increases
the propengty to paent indicates tha fragmentation of IPR encourages paenting and
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suppots the propostion of Hypothesis 3b that cumulative technologies entail high
propengtiesto paent.

Hypothesis 4. Pooled Probit 2 shows a negaive codficient for thevariable designed asa
proxy for the degree of competition in the product market. The coefficient and partial
effect appear to differ from zero only at the 10 percent significance level, lending limited
suppot to Hypothesis 4, which proposs tha the propendty to paent declines with
compditionin the produd market. Moreover, this result needsto be taken with agrain of
salt since price competition in the produd market might be expected to trigge produd
differentiation and incremental changerather than development of large innovaions (cf.
Tanayama, 2002) If the variables designad to measure the size of innovdionsfail to
capture the effect of the size on the propengty to paent in its entirety, it is posible tha
price compdition is negaively associated with the propengty to patent because it affects
thetypeof innovdive activity rather than the propengty to paent directly.

Control variables. Theresults of Table 1 lend significant suppot to the assumption tha
the propendty to paent varies across technologies. As expected, there seems to be a
relatively high tendency to paent machinery (MACH) and chemicas and
phamaceuticas (CHEM), and a relatively low propendty to paent software (SOFT).
Interestingly, environrmenta techndogy (ENVIRO) seems to expeience a very high
paenting propendty. This may well be because the rising concerns about sugainable
development and globd warming are making environmental technology increasingly
important, and the early innovdors in this growing field might seek to secure a share of
returnsto thelater-generation innovaionsin the course of cumulative development of the
technology in thefuture,

The null hypotesis tha the codficients of all the time period dunmies are zero can be
regiected in Pooled Probit 1 and 2 at the 10 and 5 percent significance levels, respectively.
Theestimation results (see Appendix 3) clearly provide no evidence of a general increase
in the propengty to paent significant produd innovaionstha would explain the recent
surge in paenting (cf. Kortum and Lerner, 199; Hall and Ziedonis, 2001; and Hall,
2005)

Theneed to protect proprietary knowedgein theface of collaborative knowedgesharing
and to clarify issues of ownership over co-developeal innovdions has been argued to
increase the propendty to paent in firms tha engage in R&D collaboration. Peeters and
Van Pottelsberghe de la Potterie (2006) refer to this as the MeedOeffect of R&D
collaboration on the propendty to paent. In order to control for such an effect, COLLAB
appears as a control variable in both specificationsof Table 1. However, the estimation
results provide no significant evidence of such arelationship between R&D collaboration
and the propendty to paent. This indicates tha the finding of a positive relationship
between R&D collaboration and the propendty to paent in firm-level studies such as
Brouwer and Kleinknecht (1999)might be dueto wha Peeters and Van Pottelsberghede
la Potterie (2006)call the MovdtyOeffectN thé is, the tendency of R&D collaboration to
lead to the generation of more Gundanental and breakthroughknowledgelthan in-house
R&D™. Since the present study seeks to control for the effect of the size of innovaions
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on the propensgty to paent directly, the ovdtyOeffect should be captured by the
innovaion-size variables rather than the R& D collaboration variable.

Similarly, the postive relationship between exporting activities and the propengty to
paent observed, forindance, in Licht and Zoz (1998) and Arundé and Kabla (1998) may
result from exporting firms developing larger innovaiondN or better yet, firm@ with
larger innovations choosng to export themN rather than having an inheently highe
propengty to paent. Such an argument is suppated by the observation tha in Pooled
Probit 1 the control variable INNOEXP appears to have a positive and statistically
significant (at the 5 percent significance level) effect onthe propendty to paent, butonce
the size of innovaionsis controlled for, evidence of such an effect no longe exists (cf.
Pooled Probit 2).

Testing for the exogeneity assumption of PATENTS. The exogendty assumption of
PATENTS is tested by a two-step procedure in the spirit of Smith and Blundél (1986)
and Rivers and Vuong (1988) In practice, the test can be applied as follows (see
Wooldridge 2002472478 for details). First, the potentially endogeious variable is
regressed (udng the standard OLS method) on the exogenous variables of the probit
modd and at least one additiond ingrument. Second, the probit modd is estimated with
the exogenous variables, the potentially endogenous variable, and the resduds of the
first-stage regression as explanaory variables. Then the test of the null hypotesis of
exogendty can be based on the significance of the residud in the second-stage probit.
Since thedistribution of thefirst-stage error term plays no role unde the null, such atest
is valid without assuming nomality or homoscedasticity of the first-stage error term and
the test can be applied very broadly, even if the potentially endogeousvariable is not
continuous(Wooldridge 2002474).

Identification of the second-stage probit requires tha at least one of the explanaory
variables of the first-stage regression be excluded from the probit modd. The firm size
dummies are naural candidates for ingruments to be excluded from the probit modd
since they are important determinants of the scale of paenting but are not expected to
affect the propensty to paent directly. The size-related hypotheses of Subsection 3.2
propo® tha the start-up status and the scale of paenting are responsble for the
assodation between size and scale and the propensity to paent, while the null hypothesis
tha the firm size dummies can be excluded from the innovdion-level modd for the
propengty to paent cannotbe rejected once these factors are controlled for (cf. Table 1).
Furthermore, firm size should not be subject to simultaneous causdlity tha threatens the
paenting-scale variable since the decision of whether or not to paent an innovdion
hardly affects thesize of theinnovaing firmN at least in the short run.

Table 2 presents the results for the test of the exogenaty assumption of PATENTS. The
test results indicate tha the null hypothesis of exogendty of PATENTS cannot be
rejected at meaningful levels of significance. This suppotsthevalidity of PATENTS asa
measure of the scale of paentingin themodd. The validity of thetest naturaly hingeson
the assumption tha the ingruments for the potentially endogenous variable are
themselves exogenous
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Table 2: Testing the exogendty assunmption of PATENTS.

Dependent variable in the probit model: PATAPP

Explanatory variables in the probit model

Potentially endogenous variable PATENTS

Exogenous variables STARTUP
SIGNIF
NOVFIRM
NOVMARK
SCIENCE
COMPLEX
CUMULTECH
PRICOMP
Technology class dummies (9)
Time period dummies (10)

COLLAB

INNOEXP
Instruments Firm size dummies (3)
Test of exogeneity of PATENTS
Hy: Coef of the OLS residual zero in the
probit model
Robust asymptotic t-statistic 0.89
p-value 0.373

5. Conclusion

Thus far mog of the empirical investigaionsinto the propendty to paent have been
confined to the use of industry and firm-level daa, and the falure to control for
innovdion-level factors has made the interpretation of the results somewha problematic.
The observed variations in the propengty to paent across indugries and firms might
reflect differences in the characteristics of innovaionsdevelopal in these indugries and
firms rathe than some inheent differences in the propensity to paent. Moreover, the
absence of innovdionlevel variables has rendaed innovaionrelated hypaheses
emerging from the theoretical literature untestable in the indudry and firm-level studies.
This study seeks to shed new light on the propendty to paent at the innovdion level,
while also contributing to the long tradition of research on therelationsip between firm
Size and the propendty to paent. By taking theanalysisto theinnovaion level, this study
also bringsthe empirics closer to thetheoretical work on the propengty to paent.
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The present study set out to cast new light on the question of how the propengty to paent
an innovdion is affected by the characteristics of the innovdion, the market, and the
innovding firm. The innowation-level modd for the propengty to paent was derived in
the spirit of randomutility modds, and the emerging probit modd was estimated on a
sample of 791 Finnish produd innovaionsdrawn from the Sfinno database compiled at
VTT Technical Research Centre of Finland.

The results from the econonetric andysis indicate tha various characteristics of the
innovdion, the market, and theinnovding firm have a significant effect on the propendty
to paent. First, there appears to be a U-shgped relationship between firm size and the
propendty to paent, which can be attributed to arelatively large extent to econonies of
scale in the paenting activity as well as to the relatively important role of paenting in
start-up ventures. Second, the estimation results suggest that largerN that is, more novd
and significantN innovaions are patented more frequently than smaller ones. Third,
technologically very complex innovdions appear to be paented less often than others,
while the fragmentation of intellectual propety rights to cumulatively developing
technology seems to entail high propensties to patent. Fourth, the econonetric andysis
produces weak evidence on a negaive relationship between the propendty to paent and
the produd market compdition. This evidence needs to be taken with a grain of salt,
however, since intense price compditionin the produd market mightindirectly affect the
propengty to paent by affecting the size of theinnovaionsrather than by having adirect
impact on the propensity to paent. Furthermore, certain factorsN such as R&D
collaboration and exporting activitiesN tha have appesred to have an impact on the
propengty to paent in thefirm-level studiesfail to exhibit a statistically significant effect
once the innovdion-level factors are controlled for. This might be indicative of such
variables having only an indirect effect since they may well be assodated with the size of
innovdionsrather than affecting the propengty to paent directly. While this study seeks
to capture different dimensons of the size of innovaions with some success using a
number of quditative variables, development of more accurate measures of the size of
innovaionsshould make it easier to disentangle the direct effects from the indirect effects
tha influence patenting throughthe size of innovaions

The results outlined above should be of obviousinterest to those who depend on paent
data in drawing condusonsaboutinnovaion and technological change The finding tha
larger produd innovdions are paented more frequently than smaller ones should be
comforting news from the perspective of usdng paents as an econonic indicator of
innovdion since it implies that large innovdionsenter the paent indicator at arelatively
high probability. However, the study also points to the weaknesses of paent daa by
demondrating tha the propendty to patent varies significantly across firms and
technologies. For indance, the evidence in favor of the hypotheses proposng tha the
propendty to paent inareases with the scale of paenting and tha start-up ventures
exhibit high propendties to patent suggests that paents are a rather problematic measure
of innovdionsin the context of testing the Schunpeterian hypotheses.
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Moreove, the size-related hypoheses suggest tha smal start-up ventures are more
dependent on paent protection than larger firms while experiendng a disadvantage in
obtaining and enforcing paents. This should have important implicationsfor the optimal
design of the patent system since it is highly probable tha notall valuable ideas originae
in the large corporationsand thus also small entities need to be provided with sufficient
incentives for developing thar ideas into innovdions Harnessing theinnovaive capacity
of small firmsis clearly an impartant chdlengefor any econony.

Because in redlity an innovdion can be protected by a number of paents, a single patent
can cover numerous innovdions and not al paents relate to innovdions a complete
investigation of the extent to which paents are representative of different innovaionsis
beyondthe scopeof this study. Furthermore, the nature of the data used in this study does
not allow for congderation of process innovaionsonly developed for the firmsQinterna
use. Clearly, further research is needed to pant a clear picture of therelationship between
innovdions and paents and to answer the question of the extent to which paents are
representative of thewider universe of innovdions. All in al, the study provides a rather
encouraging perspective of the potential of innovaion-level investigaionsin contributing
to our undestanding of the features and paterns of technological activities. This study is
jug asmall step in trying to shed light on the complex relationship between paents and
innovdionstha has been remained extremely elusive thusfar. Neverthdess, the results
indicate that this line of research can prove a very valuable complement to different
indugry and firm-level investigaions
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NOTES

! Much of the theoretical work on patents leaves the decision to patent unmodeled and assumes that all
(patentable) innovations are patented.

% Following the relevant theoretical literature (Denicol™ and Franzoni, 2003; Anton and Yao, 2004), the
term size (large vs. small) of an innovation is adopted in the present study instead of relatively synonymous
alternatives such as the radicalness (radical vs. incremental) of an innovation.

% Two famous hypotheses associated with Schumpeter (1942) claim that (1) innovation increases more than
proportionally with firm size and (2) there is a positive relationship between innovation and market
concentration.

* This study follows the Sfinno-project in defining an innovation as an invention that has been
commercialized on the market by a business firm or an equivalent (Pamberg et al., 1999:38, 2000:10;
Saarinen, 2005:19£20).

® Figure 1 isarefined version of the figure in Basberg (1987:133).

® The results may also be biased due to the shortcomings of R&D expenditure as an indicator of innovation
inputs, formal R&D is only one of the innovation inputs and standard innovation surveys tend to
underestimate the R& D activities of small firms (e.g. Patel and Pavitt, 1995; Kleinknecht et al., 2002).

" Using the percentage of innovations, rather than inventions, overcomes the drawbackN inherent in
Mansfield® definitionN that many inventions are never commercialized and hence have little economic
significance. Moreover, the innovations of interest should not be limited to patentable innovations because
the propensity to patent figures are of interest as an indicator of the extent to which patents represent the
whole population of innovations. (Arundel and Kabla, 1998.)

8 The definition of asignificant innovation adopted for the survey is that the innovation has to be
economically and technologically significant and apart from economic success may have had significant
impact on the industry (HyvSnen, 2001:4).

® Concentration ratios (e.g. CR3, CR5, CR10) based on the NACE classification (General Industrial
Classification of Economic Activities within the European Communities) at the three-digit level were also
tested as measures of product market competition but they failed to be statistically significant in any of the
specifications by awide margin.

10 Pegters and Van Pottelsberghe de la Potterie (2006) argue that the GeedOeffect should dominate in
collaboration arrangements with competitors, while the MoveltyOeffect should dominate in partnerships
with scientific institutions. M&inen (2007) further disaggregates COLLAB into collaboration with
universities and research institutes, competitors, subcontractors, and customers, and finds that only
collaboration with universities and research ingtitutes has a statistically significant effect on the propensity
to patent. This could be interpreted as evidence that it is the GoveltyOeffect rather than the MeedOeffect
that drives theresultsin the firm-level studies.
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APPENDIX 1: Summary of the variables

Dependent variable Definition Type Mean St. Dev.

PATAPP Patent application was filed for the innovation (yes/no) 1/0 0.5740 0.4948

Explanatory variables

Firm characteristics
EMP Number of employees in the firm at the year of the commercialization # 1113.873 2495.891
EMP1 0-9 employees in the firm at the year of the commercialization (yes/no) 1/0 0.3552 0.4789
EMP2 10-99 employees in the firm at the year of the commercialization (yes/no) 1/0 0.2149 0.4110
EMP3 100-999 employees in the firm at the year of the commercialization (yes/no) 1/0 0.2048 0.4038
EMP4 1000 or more employees in the firm at the year of the commercialization (yes/no) 1/0 0.2250 0.4179
STARTUP The firm was defined as a start-up developing an innovation (yes/no) 1/0 0.3603 0.4804
PATENTS Number of patent applications filed by the firm the year before the development of the innovation started # 3.4083 11.5773

Innovation and market

characteristics
SIGNIF The innovation was specified as very significant by experts (yes/no) 1/0 0.0518 0.2218
NOVFIRM The innovation was entirely new to the firm (yes/no) 1/0 0.6157 0.4867
NOVMARK The innovation was new to the world market (yes/no) 1/0 0.7206 0.4490
SCIENCE Scientific breakthrough was important for initiating the development of the innovation (yes/no) 1/0 0.1555 0.3626
COMPLEX The innovation was specified as very complex by experts (yes/no) 1/0 0.0291 0.1681
CUMULTECH Availability of a license was important for initiating the development of the innovation (yes/no) 1/0 0.0582 0.2342
PRICOMP Price competition was important for initiating the development of the innovation (yes/no) 1/0 0.2781 0.4484

Technology classes
CONSUM The innovation belongs to 1-digit technology class 60 ‘Consumption goods and equipment’ (yes/no) 1/0 0.0329 0.1784
ELECTRO The innovation belongs to 1-digit technology class 10 'Electrotechnology' (yes/no) 1/0 0.0860 0.2805
INSTRU The innovation belongs to 1-digit technology class 20 ‘Instruments’ (yes/no) 1/0 0.1416 0.3489
CHEM The innovation belongs to 1-digit technology class 30 ‘Chemistry, pharmaceutical technology' excluding 35 (yes/no) 1/0 0.0594 0.2366
AGRI&FOODCHEM The innovation belongs to 2-digit technology class 35 ‘Agrochemistry, foodchemistry' (yes/no) 1/0 0.0544 0.2269
PROCTECH The innovation belongs to 1-digit technology class 40 'Process technology, special equipment' exluding 48 (yes/no) 1/0 0.2579 0.4378
ENVIRO The innovation belongs to 2-digit technology class 48 'Environmental technology’ (yes/no) 1/0 0.0253 0.1571
MACH The innovation belongs to 1-digit technology class 50 'Mechanical engineering, equipment’ (yes/no) 1/0 0.1884 0.3913
EARTH&WATER The innovation belongs to 1-digit technology class 70 'Earth construction and hydraulic engineering, mining' (yes/no) 1/0 0.0367 0.1881
SOFT The innovation belongs to 1-digit technology class 80 'Software’ (yes/no) 1/0 0.1176 0.3223

Time periods
PRE1986 The innovation was commercialized before 1986 (yes/no) 1/0 0.1264 0.3325
YEARS86-87 The innovation was commercialized in 1986-87 (yes/no) 1/0 0.0645 0.2458
YEARS88-89 The innovation was commercialized in 1988-89 (yes/no) 1/0 0.0619 0.2412
YEARS90-91 The innovation was commercialized in 1990-91 (yes/no) 1/0 0.0809 0.2729
YEAR1992 The innovation was commercialized in 1992 (yes/no) 1/0 0.0683 0.2524
YEAR1993 The innovation was commercialized in 1993 (yes/no) 1/0 0.0872 0.2824
YEAR1994 The innovation was commercialized in 1994 (yes/no) 1/0 0.0885 0.2842
YEAR1995 The innovation was commercialized in 1995 (yes/no) 1/0 0.0910 0.2878
YEAR1996 The innovation was commercialized in 1996 (yes/no) 1/0 0.1113 0.3146
YEAR1997 The innovation was commercialized in 1997 (yes/no) 1/0 0.0999 0.3000
POST1997 The innovation was commercialized after 1997 (yes/no) 1/0 0.1201 0.3253

Other control variables
COLLAB Collaboration was associated with the development of the innovation (yes/no) 1/0 0.8698 0.3368
INNOEXP The innovation had been exported (yes/no) 1/0 0.6523 0.4765
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APPENDI X 2: Technology classification, VTT Innovation Studies

Technology class

|PC-class

10 Electrotechnology

11 Electrical machinery and equipment,
electric energy

F21; GO5F, HO1B,C,F,GH,JK.M, R,T;
HO02; HO5B,C,F,K

12 Audiovisud technology

GO9F,G; G11B; HO3FKG,J; HO4N-003 -
005;009;013015-017R,S

13 Telecommunications

G08C HO1PQ; HO3B,C,D,H K, L,M;
HO04BH,JK,L,M,N-001,-007,-011Q

14 Information technology

G06; G11C G10L

15 Semicondudors

HO1L

20 Instruments

21 Optics G02; GO3B,C,D,F,G,H; HO1S
22 Andysis, measurement, and control | GO1B,C,D,F,G,H,JK,L,M,N,P,R,S\V,W;
technology G04; GO5B,D; G07;G08B,G; G09B,C,D;

G12

23 Hedlthcare technology

A61B,C,D,F,GH,JL,M,N

24 Nudear technology

GO1T, G21; HO5GH

30 Chemistry, pharmaceutical
technology

31 Organic chemistry

CO07CD,FH,JK

32 Macromolecule chemistry, polymer
chemistry

C08B,F,G,H,K,L; C09D,J; C13L

33 Pharmaceutical technology,
cosmetics

A61K

34 Biotechnology

C07G C12M,N,P,Q,R,S

35 Agrochemistry, fooddhemistry

AO1H, A21D; A23B,C,D,F,G,J, K,L;
C12CF,GH,J C13DFJK

36 Petrochemistry, basic material
chemistry

C09B,C,F,G,H,K; C10B,C,F,G,H,],
K,L,M; C11B,C,.D
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40 Process technology, special
equipment

41 Chemical process technology

B0O1B,D (excl.-046- -053)F,JL; BO2C,
B03;B04; BO5B; BO6; BO7; BO8; F25]
F26

42 Surface material technology, codings

BO5CD; B32; C23; C25; C30

43 Materia technology, metallurgy

C01; CO3C C04,; C21;C22;B22

44 Processing of materials, textiles (*)

A41H; A43D; A46D; B28;B29; B31;
C03B; C08J C14;D01;D02; D03;
D04B,C,G,H; DO5;
D06B,C,G,H,JL,M,P,Q

45 Pulp and pgper (*)

D21

46 Printingtechnology, packaging
material

B25J B41,; B65B,C,D,F,G,H; B66; B67

47 Agricultural produe andfood
technology, machinery and
equipment

A01B,CD,F,G,JK,L,M; A21B,C; A22;
A23N,P; BO2B; C12L,; C13CG,H

48 Environmental technology

A62D; BO1D-046- -053;B09; C02;
FO1N; F23GJ

50 Mechanical engineering,
equipment

51 Machinetools

B21;:B23;:B24;:B26D,F; B27: B30

52 Engines, punps turbines

FO1B,C,D,K,L,M,P; FO2; FO3; FO4; F23R

53 Therma engineering, processes and
equipment

F22;F23B,C,D,H,K,L,M,N,Q; F24;
F25B,C; F27;F28

54 Mechanical components

F15; F16;F17; GO5G

55 Trangport equipment

B60; B61; B62; B63B,C,H,J;
B64B,C,D,F

56 Space technology, weapons
technology

B63G, B64G, CO6; F41; F42

60 Consumption goods and equipment

A24; A41B,C,D,FG; A42;A43B, C,
Ad4; A45; A46B; A47; A62B,C; A63;
B25B,C,D,F,G,H; B26B; B42; B43; B44;
B68; D04D; DO6F, N; DO7; F25D;
G10B,C,D,F,G,H,K
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70 Earth construction and hydraulic EO1; EO2; EO3; EO4; EO5; EO6; E21
engineering, mining

80 Software (not IPC-class compdible)

81 Applicationssoftware

82 Artificia intelligence

83 Databases

84 Data processing

85 Security technology

86 Data management systems

87 Network software, network
management

88 Programming and programming
languages

90 'Problems

91 Ambiguots case

92 Classification not applicable (service
etc.)

99 No information

Sour ces:

10B70 Fraunhokr 1Sl / Jan 17,1997 (* = own classification)

80 Vereinigungder Technologiezentren .. sterreichs.
http://www.tcs.co.at/vtoefirmen/tcc/tcc.htm

| PC-classification: http://www.wipo.int/eng/clssfctn/ipdipcen/index.htm



APPENDIX 3: Estimation resultsfor thetime period dummies

Pooled Probit 1

Pooled Probit 2

Robust Partial Robust Partial
Coef. Std. Err. effect Coef. Std. Err. effect
Time periods
(ref. POST1997)
PRE1986 0.5070** 0.2030 0.1642** 0.6651*** 0.2129 0.2465***
YEARS86-87 0.0651 0.2523 0.0238 0.1370 0.2531 0.0545
YEARS88-89 0.2361 0.2218 0.0830 0.4057 0.2550 0.1573*
YEARS90-91 -0.0235 0.2235 -0.0087 0.1484 0.2325 0.0590
YEAR1992 0.3408 0.2166 0.1163 0.6260*** 0.2393 0.2339***
YEAR1993 0.2670 0.2181 0.0931 0.4594** 0.2184 0.1767**
YEAR1994 0.3250 0.2256 0.1114 0.4941** 0.2329 0.1891**
YEAR1995 0.0450 0.1992 0.0165 0.1966 0.2168 0.0779
YEAR1996 -0.0139 0.2039 -0.0052 0.0757 0.2079 0.0302
YEAR1997 0.0022 0.2036 0.0008 0.1651 0.2234 0.0655
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