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This dissertation explores the use of patents as an Intellectual Property Protection 

Mechanism (IPPM) among small entrepreneurial firms both from a theoretical and an 

empirical perspective. I borrow from the patenting and firm signaling literature to frame 

my theoretical models and to ask empirical questions with an eye on broadening the 

scope of the existing literature. I start with a review of the patenting literature which 

motivated the need to document cross-country differences in patent laws. Theoretically, I 

model the use of patents among small firms as a signal of technological ability. I propose 

two patent signaling games where in both, a higher and a lower ability firm try to use the 

number of patents that they hold to signal their ability. However, in one model, patents 

are productive and generate higher profits whereas in the other they are not (in appendix 

B, I develop an augmented signaling model where start-ups are given the choice to either 

accept or decline an offer). Conditions for the existence of both pooling and separating 

equilibria are identified. In the pooling equilibria, types cannot be distinguished making 

patents an ambiguous signal. However, in the separating equilibria, patents are 

informative. Empirically, I first study relevant covariates that are associated with the use 

of patents as an IPPM among small firms using a probit model. Next, I make causal 

inferences about the theoretical models using a two-stage least squares estimator, a 

control function approach and a “full switching regression approach” to account for 

heterogenous treatment effects. I use Lewbel’s method of generated instruments 



  

combined with other external instruments as a robustness check. The results show that 

R&D intensity, firm size, market structure, the sector in which the firm operates, human 

capital and demographic characteristics of founders, firm location (in some instances) are 

all relevant covariates that are associated with the use of patents as an IPPM among small 

entrepreneurial firms. The empirical analyses also provided evidence in support of the 

model in which patents are a signal that do not impact a firm’s productivity measured as 

sales growth. The data used in the empirical sections come from the Advancing 

Knowledge-Intensive Innovation for Growth and Social Well-being in Europe (AEGIS) 

dataset which relate to small entrepreneurial firms in 10 European-Union countries.  
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CHAPTER I 

INTRODUCTION  
 
 

Patents prevent an invention from direct imitation for a legislated period of time 

in exchange of a full disclosure of procedures that led to the patented innovative output. 

From an economics perspective, patents are interesting because they provide an incentive 

for innovative behavior; but, at the same time, they allow firms to enjoy temporary 

monopoly profits by deterring entry into the market and thus decreasing competition.  

Moreover, patents can also serve as a proxy for technological progress both from 

a qualitative and quantitative perspective. In fact, a patent may induce greater 

technological opportunity as it provides the information that rival firms may build on for 

further progress (Greenhalgh and Rogers, 2007). Technological progress in turn can 

improve production efficiency, and thus it is a key element to productivity growth 

defined as a more efficient use of inputs in production.  Productivity growth is an 

important element for economic growth and for maintaining a country’s global 

competitiveness. This dissertation explores small entrepreneurial firms’ propensity to use 

patents to protect intellectual property; each chapter is briefly summarized below.  

Chapter II gives an overview of studies pertaining to a firm’s propensity to use 

patents as an intellectual property protection mechanism. The literature, which is mainly 

focused on large firms, has established R&D investments and firm size as a cross- 
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sectional determinant of patenting, and institutional events as a dynamic determinant of 

patenting. Other determinants of patenting include technology class, industry, new patent   

and management strategies, concentration, unionization, skill composition of labor and 

large firm employment share. As it pertains to small firms, studies found that smaller 

firms generate more patents relative to their size (Link and Scott, 2018). Some 

explanatory variables such as skilled labor, advertising, concentration, and large firm 

employment share have differing impacts on larger firms compared to smaller ones. 

 Chapter III documents cross-country differences in patent laws for the 10 

countries in our dataset (discussed below). The laws governing intellectual property 

protection mechanisms are similar among some countries but different among others. For 

example, regulations on the pharmaceutical industry seem to be similar in all countries in 

the dataset. Renewal fees must be paid in order to maintain a patent. However, the fees 

vary from country to country. The application and examination processes are similar in 

all countries except for Croatia and Italy. Differences in legal frameworks across 

countries are more pronounced when pertaining to litigation laws. In some countries such 

as France and Portugal, conflict resolution periods are longer compared to the other 

countries in the dataset. Additionally, punishments for validated infringement claims are 

relatively harsher in Sweden.  

In the presence of asymmetric information, firms, in particular smaller ones, 

which have not yet established a strong reputation in the market, may resort to different 

methods to signal their attributes. Small firms may therefore rely on patents as a strategic 
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tool against future infringement claims or as means to secure financing (Graham and 

Sichelman, 2008). Specifically, building from Spence (1973), patents may serve as a 

signal of technology quality as start-ups face different costs of patent acquisition based 

on their technological abilities.   

In Chapter IV, small firms’ patenting behavior is modeled from a game theoretic 

perspective. Two patent signaling games are proposed. In both models 1 and 2, there are 

two start-ups, one that is of high ability type and another of lower ability who compete 

for an investment level that could be either high or low. The timing of the games is as 

follows: first, nature randomly assigns types to the start-ups with equal probability; 

second, each start-up learns its type and chooses a certain number of patents to acquire 

(either high or low patent count); last the investor makes an offer and payoffs are 

determined. However, in one model patents are productive and induce higher profits 

whereas in the other they are not. In each model, conditions for the existence of 

separating and pooling equilibria are identified. The existence of pooling equilibria 

makes patents an ambiguous signal as in such equilibria, types cannot be distinguished. 

Inferences about the theoretical models are made in Chapters VI-VII. An alternative way 

of augmenting the game by adding a dynamic (time) component is discussed in Appendix 

B. Such extension allows to find conditions that guarantee that the high ability firm 

always separates from the low ability type.  

Chapter V describes the Advancing Knowledge-Intensive Entrepreneurship and 

Innovation for Growth and Social Well-being in Europe (AEGIS) dataset that is used for 
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the empirical analyses in this dissertation. The data relate to small entrepreneurial firms 

in 10 European countries: Croatia, Czech Republic, Denmark, France, Germany, Greece, 

Italy, Portugal, Sweden and United Kingdom.   

The AEGIS survey was created in an effort to investigate the impact of 

knowledge intensive entrepreneurial (KIE) firms in fostering economic growth in Europe 

(Audretsch and Link, 2019; Hodges and Link, 2017). Most relevant to this dissertation, 

the data collection process recorded survey information pertaining to firms’ use of patents 

as an intellectual property protection mechanism. Other information included relate to the 

country, sector, innovation activity and research and development (R&D) investments. 

Also contained in the data are human capital measures such as founders’ education and 

experience; demographic characteristics such as founders’ age, gender, immigration 

status; and size of the founding team.  Finally, the data collection process also recorded 

information on market characteristics and firms’ performance.  

Chapter VI discusses the empirical methods used in this dissertation and starts 

with a study of the relevant covariates associated with the use of patents as an IPPM 

using a probit model. Then, the AEGIS dataset is used to shed light on the productivity of 

patents measured as sales growth. Specifically, the data are used to distinguish between 

the two models proposed in Chapter IV. The empirical strategy uses both an instrumental 

variable and a control function approach. In the two stage least squares (2SLS), I exploit 

the binary nature of patents by estimating a probit of patents on all exogenous variables 

including the instruments in the first stage. I then use the fitted values as new instruments 
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in the last step. I also implemented a control function approach based on the generalized 

residuals that were computed from the inverse mills ratio. To account for heterogenous 

treatment effects stemming from the fact that firms who benefit more from patenting are 

the ones who use patents the most, I estimated a full “switching regression” model with 

interactions between the binary endogenous variable and other exogenous variables. As a 

robustness check, I implemented Lewbel’s method of generated instruments in addition 

to other external instruments.  

Chapter VII discusses the empirical results. Consistent with the patenting 

literature, the relevant covariates associated with the use of patents are found to be R&D 

intensity, firm size, market structure, the sector in which the firm operates, human capital 

and demographic characteristics of founders, the location of the firm (in some instances). 

The results also provided evidence in support of the model in which patents are a signal 

that do not impact a firm’s productivity measured in terms of sales growth. Finally, 

concluding remarks are given in Chapter VIII.  
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CHAPTER II 

ON THE PROPENSITY TO PATENT: A LITERATURE REVIEW    
 
 

This chapter reviews aspects of the academic literature on the propensity to 

patent. The literature on patenting has evolved, in part, on the basis of the availability of 

relevant data. Specifically, Bound et al. (1984) suggested that the relationship between 

R&D, capital intensity and patenting has progressed as more detailed data have become 

available over time. Therefore, key papers on the topic are summarized below in 

chronological order with an eye on identifying consensus variables that are related to a 

firm’s propensity to patent both in comparison to other firms and in response to changes 

in institutional issues. From these consensus variables, testable hypotheses will set forth. 

Identifying, from these hypotheses, factors that affect the propensity to patent might also 

identify target variables that policy makers can use to enhance patenting activity and thus 

perhaps to stimulate economic growth and global competitiveness.  

 There is an extensive body of literature on firms’ propensity to patent. Seminal 

contributions on the topic have mainly focused on large firms. The literature has 

concluded that there is a positive empirical relationship between R&D investments and 

patenting behavior. For example, using data from the Federal Trade Commission’s 

(FTC’s) Line of Business Survey for 1974 and a dataset of U.S. patents originating from 

U.S. resident inventors, Scherer (1980) investigated the relationship between 1974 R&D 

expenditures and patenting by 4274 areas of business in 443 U.S. corporations. Evidence
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using both linear and nonlinear regression models suggested a positive and statistically 

significant relationship between R&D expenditures, company diversification, overseas 

sales and firms’ propensity to patent. Scherer also found that domestic sales were 

negatively related to patenting.  

Controversy exists over the size of the impact of R&D on patenting. While the 

majority of research reports a positive and significant impact, some authors suggested 

that the effect of R&D on patenting is not significant enough to draw major conclusions. 

Pakes and Griliches (1980) and Hausman et al. (1981), for example, analyzed Standard 

and Poor’s Compustat data (based on 10-K firm reports to the U.S. Security and 

Exchange Commission, SEC) on industrial firms and patent data (from the Office of 

Technology Assessments and Forecasts of the U.S Patent and Trademark Office, 

USPTO) from 1968 to 1974 in an effort to study the relationship between R&D 

investments and patenting behavior. However, these researchers arrived at different 

conclusions. While both groups of researchers estimated a positive effect of R&D on 

patenting, Hausman et al. (1981) found a smaller elasticity of patent to R&D than did 

Pakes and Griliches. In fact, Hausman et al. suggested that controlling for industry and 

firm size, the remaining correlation between a firm’s propensity to patent and its R&D 

intensity is small and may be spurious. In contrast, Pakes and Griliches found a “[…] 

quick response of patenting with respect to changes in R&D and a small but persistent 

effect of past R&D” (1980, abstract).  These contrasting results could be explained by the 

fact that Hausman et al. used firm specific control variables (e.g., book value) and 
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industry specific control variables in their estimation whereas Pakes and Griliches did 

not. 

 Other studies have also confirmed a positive relationship between R&D 

investments and patenting. Using manufacturing data from Compustat for 1976 and 

patent data from the USPTO, Bound et al. (1984) explored in two different models of the 

determinants of R&D and of factors inducing patenting. The Heckman selection method 

revealed a positive relationship between R&D and firm size and emphasized the 

importance of the complementary relationship between R&D and capital intensity. The 

OLS regressions highlighted a positive effect of diversification and R&D on patenting.  

 The literature that focuses on small firms has established, both for European and 

American firms, that size is a key element of a firm’s propensity to patent. For example, 

research by Brouwer and Kleinknecht (1999), using Dutch data the Community 

Innovation Survey (CIS) in 1992, concluded that on average larger firms have a higher 

probability of applying for patent protection at the European Patent Office (EPO); 

however, smaller firms that do apply for patents have higher patent counts. 

 Other studies have focused on the determinants of patenting behavior over time.  

For example, Hall (2004) studied the sources of the patent growth in the United States 

since 1984 using data from publicly traded manufacturing firms. Using both growth 

accounting methods and hedonic market value models, she found that the legislative 

changes in the patent system over time were an important driver of the increase in patent 

applications and patents granted. This growth in patenting in the United States has been 
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mainly in the electrical, electronics, computing and scientific instruments industries. 

Further, Hall suggested patent accumulation by a small firm could serve as a strategic 

tool against infringement claims. These findings are similar to conclusions made by 

Ziedonis (2001).  

Researchers who used theoretical models that study patenting behavior have 

found that the relevance of R&D as an input inducing innovation depends on the time 

horizon and the type or complexity of the technology in question. Bessen and Maskin 

(2009), for example, used both a static and dynamic setting to characterize the 

relationship between innovation through R&D spending and patenting. In their static 

model, they accounted for the possibility of overinvestment in R&D; however, welfare 

losses from overinvestment were more likely to be offset by the benefits stemming from 

R&D projects. The authors also explored a sequential model where they considered an 

“infinite sequence of potential inventions” (p. 614). This latter model predicted that, in a 

dynamic setting, patents in period , were not as effective in promoting R&D and 

innovation as patents in period (  ). In fact, the authors suggested that in the dynamic 

case, firms and society as a whole may even be better off without patents.  

 Research has also showed that patent fees were an important determinant of 

patenting, in particular for European firms. A study by De Rassenfosse and Van 

Pottelsberghe (2011) estimated the price elasticity of patents with respect to patent fees 

using data from the European Patent Office, the USPTO, and Japanese Patent Offices 

from 1980 to 2010.  Using both a partial adjustment model and an error correction model, 

t

t + n
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the authors found that about 20% of the growth in patent applications at the EPO in the 

mid-1990s can be attributed to the drop in patent fees. 

 A recent study by Link and Scott (2018) confirmed a positive impact of R&D 

investments on innovative output. Using data from the U.S. Department of Energy’s 

Phase II Small Business Innovation Research (SBIR) projects, the authors investigated 

the role of firm size on innovative output (as measured by patents) from R&D 

investments. They found evidence counter to the Schumpeterian hypothesis that large 

firms are relatively more prone to generate higher levels of innovative output. The 

authors even suggested that, smaller firms generate more patents relative to their size 

compared to larger ones.  

 From this summary of the extant literature, it is clear that studies on the patenting 

behavior of firms have focused on R&D investments and firm size (generally among 

large firms) as a cross-sectional determinant of patenting, and on institutional events as a 

dynamic determinant of patenting. The seminal papers discussed above, in addition to 

survey articles on the topic, notably those of Eckert and Langinier (2014) and Hall and 

Harhoff (2012), identified the following determinants of firms’ propensity to patent: 

R&D expenditures, technology class, industry, differences in patent systems, examination 

standards, new patent and management strategies, concentration, unionization, skill 

composition of labor, and large firm employment share. Further, some variables such as 

skilled labor, advertising, concentration, and large firm employment share have differing 

impacts on larger firms compared to smaller ones. 
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However, there is a conspicuous absence in the literature on patenting activity in 

small firms. Nonetheless, the few authors that explored patenting activity in small firms 

suggested that small firms may use patents as a strategic tool or a defense mechanism to 

prevent a competitor from patenting their invention in the future or to increase investment 

flows and secure financing (Graham and Sichelman, 2008). This latter argument along 

the finding that smaller firms generate more patents per employee relative to their size 

suggest that patents could be used as a signal about a firm’s viability or to make claims 

about its intangible assets and knowledge capital.  

Table D.1 (see appendix D) summarizes each of the papers discussed above. The 

data that will be used for the empirical analysis in this dissertation relate to small 

entrepreneurial European firms as discussed in Chapter V.  The literature review above 

suggests the following testable hypotheses and predicted findings.  

Based on the literature review, R&D investments are expected to have a positive 

impact on the use of patents with that impact being stronger in magnitude for smaller 

firms. Firm size is also predicted to have a positive impact on a firm’s propensity to use 

patents as an intellectual property protection mechanism. However, conditional on a firm 

applying for patents, smaller firms are predicted to have a greater probability of relying 

on patents relative to their size.  

Skill composition of labor and industry class are predicted to have a different 

impact on larger compared to smaller firms. Further, given that differences in patent 

systems across countries have a significant impact on firms patenting, it therefore follows 
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that one needs to account for those differences when estimating the propensity to patent, 

as discussed in Chapter III. Finally, all these hypotheses are not to be tested separately 

but integrated in an empirical model of a firm’s propensity to patent. The empirical 

model and methods are discussed in Chapter VI and the empirical findings in Chapter 

VII. 
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CHAPTER III 

A REVIEW OF INTERNATIONAL PATENT LAWS  
 
 

As has been noted in the literature that we surveyed in Chapter II, legislative and 

institutional changes to the patent systems are an important driver of firms’ patenting 

activities. It therefore follows that understanding and documenting cross-country 

differences in patent laws is critical when estimating cross-country differences in firms’ 

propensity to patent. Consequently, this chapter gives an overview of cross-European 

Union (EU) differences in patent laws for the following 10 countries: Croatia, Czech 

Republic, Denmark, France, Germany, Greece, Italy, Portugal, U.K., and Sweden.  The 

data used for the empirical analysis in this dissertation relate to small entrepreneurial 

European firms in these 10 countries, as discussed in Chapter V. 

In brief, there are some commonalities in legal frameworks among some countries 

and differences among others. For example, in all countries, a Supplementary Protection 

Certificate (S.P.C) is needed for pharmaceuticals before commercialization. In order to 

maintain patent protection, renewal fees need to be paid annually. In the Czech Republic 

and in Denmark the renewal fees start in the first year, in France they start in the second 

year, in Croatia, Germany, Greece and Sweden they begin in the third year while in Italy, 

the U.K. and Portugal they start from the fifth year. The sum of the renewal fees over a 

20-year patent term are greatest in Germany and fees related to the application and grant 

of a patent are highest in Croatia, Denmark, France, and Sweden. Moreover, Italy has the  
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lowest patent fees but ranks second among the countries with highest litigation costs after 

Greece. 

The application process for patent protection in Europe and internationally 

(outside of the E.U) is for the most part similar everywhere. Nonetheless, there exist 

bilateral and multi-lateral agreements between some countries that accelerate the process 

in some places compared to others. Further, patents granted by the E.P.O or according to 

the Patent Cooperation Treaty (P.C.T.) are valid in each country in our dataset given that 

a translation of the patent application including procedures that led to that innovative 

output has been provided to the relevant national patent office. 

Finally, litigation laws vary significantly across countries. Infringement and 

invalidity claims in some countries such as Italy can be handled by multiple courts while 

in France or Portugal for instance, a single court handles all litigation cases, implying 

longer conflict resolution periods. Further, Sweden seems to have relatively more severe 

penalties for infringements. 

Table D.2 (see Appendix D) summarizes cross country differences in patent laws. 

Patent fees include filing, examination, search, grant and publication fees. Renewal fees 

are calculated up to the statutory life of the patent. Further, all fees were converted to 

$US using 2018 exchange rate data from the International Monetary Fund’s and the 

European Central Bank’s websites. 
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CHAPTER IV 

GAME THEORETIC APPROACH TO PATENTING BY SMALL FIRMS  
 
 

 In this chapter, small firms’ patenting behavior is modeled from a game theoretic 

perspective.  

IV.1 A Literature Review 

When quality is not directly observable in the market, firms resort to different 

methods to signal their type. In fact, the literature pertaining to this topic has focused on 

patents, alliances, licensing agreements, prototypes, prices, advertising, contract types, 

disclosure strategy, intermediation, certification as means of conveying information to 

consumers and investors.  

Authors such as Bagwell and Riordan (1991), Hertzendorf and Overgaard (2000), 

Fluet and Garella (2002) all explored the role of prices and advertising in signaling 

quality. They found that high prices and advertising were associated with higher quality 

products. Using both a one period static model and a dynamic signaling game with 

multiple dimensions of private information, Bagwell and Riordan (1991) suggested that 

high and declining prices were a viable signal of high-quality products because the 

decrease in sales caused by high prices was more detrimental to low quality firms. 

Moreover, as the information asymmetry decreased over time, the high prices declined 

towards the full information monopoly prices. Although prices alone may send signals 

about quality, Hertzendorf and Overgaard (2000) argued that combining prices with 
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advertising would send stronger signals as it would allow the high-quality firm to 

separate from the low quality one. Pure price signals may be used only if quality 

differences between firms is significant and advertising may be a necessary signal when 

there are more than one firm in the market (Fluet and Garella, 2002). Further, using 

monopoly and duopoly signaling models, limit pricing models, Fluet and Garella, (2002) 

also demonstrated that advertising may be preferable to price signals as it increases 

competition and directly sends information to consumers.  

 Daughety and Reinganum (2007 and 2008) explored quality signals in different 

settings. In 2007, they used non-cooperative games to prove the existence of a symmetric 

separating equilibrium in which the firm signaled its quality through the price it set. 

Additionally, there existed a certain threshold of horizontal product differentiation above 

which, equilibrium prices were lower when quality was common knowledge compared to 

when it was private information. In 2008, however, they took a more sophisticated 

approach by integrating disclosure and price signaling in one model. They found that 

disclosure costs influenced firms’ pricing strategy. If disclosure costs were high, firms 

chose prices to signal their quality and high-quality firms would therefore charge high 

prices. In contrast, when disclosure costs were very low or non-existent, firms chose 

disclosure as a signaling strategy and therefore charged their full information price 

depending on their type.  

Similarly, in the technology market, firms, in particular start-ups may also resort 

to signaling strategies when there is asymmetric information about their abilities. Such 

strategies include patenting, market alliances, contract types etc. However, patents are of 



 

  17 

particular interest because the literature has found that smaller firms produce more 

patents per employee than larger ones do (Audretsch, 2002, Link and Scott, 2018) which 

could imply that smaller firms use patents to signal the quality of their technology. In 

fact, building from Spence (1973), patents may serve as a signal of technology quality as 

start-ups face different costs of patent acquisition based on their technological abilities. 

Further, seminal contributions on the topic have found that under asymmetric 

information, firms play a mixed strategy between patenting and not patenting and that 

inventions that are patented convey stronger signals about technology quality (Hortsmann 

et al.,1985).  

Evidence has also suggested that patents may be an ambiguous signal of a firm’s 

technological capabilities. For example, scholars such as Long (2002) have modeled 

patent signaling from a legal perspective and found that there might exist a pooling 

equilibrium where it was impossible to distinguish the less technologically advanced firm 

from the more advanced one. Bessen (2003) also found that patents may be an ineffective 

property right mechanism. With a multi stage patent race model, he suggested that when 

technologies were complex, and standards were low, incumbent firms would build 

“patent thickets” forcing innovators to share profits via cross licensing whereas when 

standards were high, “lead time” advantages provided an incentive for R&D and neither 

firm would seek patent acquisition.  

Anton and Yao (2003) compared prices and advertising signals to enabling 

disclosure signals in the technology market. With a three-stage model of two risk neutral 

firms, they showed that in contrast to price and advertising signals, enabling disclosures 
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could improve the technological capabilities of competitors and were therefore costless 

for low ability types. Consequently, in equilibrium, only high cost types would fully 

disclose when filing for patent protection because for them full disclosure was an 

efficient quality signal. In 2004, they used a more sophisticated model of Cournot 

duopoly with linear market demands and demonstrated that small inventions were 

patented, fully disclosed and no imitation occurred. In contrast, for larger inventions, 

disclosure incentives were very small and so they were mostly protected by secrecy, 

sometimes patented and imitation might occur.  

Gick (2008) studied the role of patent acquisition in reducing information 

asymmetries in the market using a two-sender signaling game with two types of start-up 

who compete for an alliance with a user firm. He found that, when the expected payoff 

from a user firm cooperating with two types of start-ups was higher than the expected 

payoff of not cooperating, the more advanced start-up separated from the less advanced 

one by filing for patent protection while the less advanced one did not. 

A recent study by Conti et al. (2013) explored start-ups’ signaling with 

heterogeneous investors in terms of the non-financial capital they offer. Their theoretical 

model confirmed that small firms use patents as a signal of their abilities. Using an 

instrumental variable estimation, the authors were able to show that patents were used to 

attract venture capitalists but not private investors. This paper is closest in spirit to Conti 

et al (2013). However, in contrast to them, no constraints were imposed on the start-up’s 

budget and all investors in the market were reduced to a representative investor. The 

game is augmented by adding a second period where the start-up has the choice to either 



 

  19 

accept or decline the investor’s offer and by finding conditions for a separating 

equilibrium where the high type always separates from the low type (in the pooling 

cases).  

The empirical literature pertaining to this topic has also suggested that patents 

were used as means to signal firms’ capabilities (Engel and Keilbach, 2007; Audretsch et 

al., 2012; Hoenen et al., 2014). Moreover, start-ups with higher patent counts and more 

educated founders have a higher probability of attracting venture capital funds (Engel and 

Keilbach, 2007).   

Controversy also exists over the role of patents in signaling firms’ capabilities. 

While the majority of studies we discussed so far suggested that patents may serve as a 

signal of firms’ quality of technology, there also exists evidence suggesting no link 

between the two. For example, Hoening and Henkel (2015) used rank ordered 

multinomial logit models and found no evidence suggesting patents as quality signals.  

Finally, in the technology market, start-ups also resort to other means of signaling 

such as contract type (exclusive versus nonexclusive contract), marketing alliances, R&D 

alliances, management experience and education level and intermediation that is selling 

through an intermediary instead of certification to signal their type (Gallini and Wright, 

1990; Garella and Peitz, 2000; Hoening and Henkel, 2015).  

Table D.3 (see appendix D) summarizes the literature we briefly reviewed. 
 

IV.2 A Three Stage Small Firms’ Patent Signaling Game 

In this section, small firms’ patenting behavior is modeled from a game theoretic 

perspective. Two potential models are considered. In both models, there is a high ability 
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and a low ability start-up that try to signal their ability type by the number of patents they 

hold.  However, in one model, patents are not productive and hence do not have any 

impact on payoffs (model 1) whereas in the other model, patents are productive and 

generate higher profits (model 2). The general set-up and timing of the games are similar. 

However, instead of positing which modeling approach should be hypothesized, both 

models are presented, and the data are allowed to define whether patents are productive 

or not in a statistically significant manner. 

IV.2.1 Model Set-Up  

 The game features two types of start-ups: one that is more technologically 

advanced or high ability and another that is less advanced or low ability. The start-ups 

(the senders) try to signal their ability by the number of patents high or low (the message) 

that they hold. The investor (the receiver) observes the number of patents (but not the 

start-up’s type) and makes an investment offer.  

 Note that throughout this section (and in the Appendix A), subscripts “H” and “L” 

are used to index respectively high and low when referring to ability, patent count, 

investment offer and profits. For simplicity, only pure strategy equilibria are considered. 

Building from Gibbons (1992), the timing and general set-up of the games1 are as 

follows:  

 
1 Further note that this model can be generalized to more than two types and to unequal probabilities. 
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1. Nature draws a start-up’s productive ability type from an ability set 

where H means high ability and L means low ability. The probability that 

is the same as the probability that  and is equal to 0.5.  

2. The start-up observes his type (but the investor does not) and chooses a certain 

number of patents  to file. It is assumed that each patent applied for is 

also granted. The cost of patents is denoted as . In line with Spence’s (1973) 

model, it is assumed that the cost is increasing in the number of patents , but 

decreasing in ability .Therefore, signaling is costlier to the lower ability start-

up, that is the cost of choosing any patent level is higher for the low ability 

type. Mathematically, for every patent level ,  where  is 

the cost of patents for a start-up of ability  that obtained a number  or 

 of patents. It is further assumed that for any type, the cost of getting a high 

patent count is at least as great as the cost of getting a low number of patents, that 

is  .  

3. The investor observes the number of patents (but not the type) and makes an 

investment offer where . The investor’s action is denoted as 

. For example,  means that the investor chooses to offer 

a high investment level  if he observes a high patent count.The investment 

offer generates profits that could be either high ( ) or low ( ).  

η ∈ H ,L{ }

η = H

η = L

P ∈ H ,L{ }

CPη

P

η

P

P∈ H ,L{ } CPL >CPH CPη

η P = H

P = L

CHη ≥CLη

Ii i∈ H ,L{ }

Ii | P∈ H ,L{ } IH | P = H

IH

ΠH ΠL
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4. Payoffs are then determined. In what follows next, payoffs are further discussed.   

IV.2.2 Model 1: Payoffs  
 
 The investment offer ( ) generates profits that could be either high or low. 

Intuitively,  could for instance serve to commercialize the technology or to create 

another end-user technology which generates rents. Profits are high if the ability of the 

start-up is high and a high investment is offered; profits are low otherwise. Note that 

profits do not depend on patent count.  

 From the profits, the investor gets a share  where . The investor does 

not know the start-up’s ability. Therefore, the investor’s payoff is the expected value of 

its share from the profits minus the investment offer based on the distribution of the start-

up’s ability and is written as: 

1. Investor’s Expected Payoff:  

The start-up gets a share  from the profits; his payoff is therefore his share 

from the profits minus the cost of patents added to the investment offer. The start-

up’s payoff can be written as follows:  

2. Start-up’s payoff:  .  

 Figure 1 (Appendix A) shows the extensive form of the game. Note that the first 

node in the game tree (located in the middle of the tree) represents a first move by Nature 

where types are drawn with equal probability (equal to 0.5). The game flows from the 

Ii

Ii

 s  0 < s <1

s
2

(Π H +Π L )− IH  if  IH

 
sΠ L − IL  if  IL

⎧

⎨

⎪
⎪⎪

⎩

⎪
⎪
⎪

1− s( ) > 0

(1− s)Π j −CPη + Ii
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middle of the tree to the terminal nodes (at the edges). Recall that the start-up knows his 

type, therefore when he moves, he already knows the full history of the game. This 

implies that the start-up’s action occurs at a singleton information set (there are 2 

singleton information sets, one for each type of start-up). However, the investor observes 

patent count but not the start-up’s type. Therefore, the investor’s actions happen at a non-

singleton information set. There are 2 non-singleton information sets, one for each 

message  or . The investor’s belief that the start-up is of high ability given 

the latter gets a high number of patents is denoted by q and the investor’s belief that the 

ability of the start-up is low if the start-up gets a high number of patents is 1-q. The 

investor’s belief that the start-up is a high ability type if he gets a low patent count is r 

and the investor’s belief that the ability of the start-up is low if the start-up gets a low 

patent count is 1-r. Note that the beliefs at each information set reached with positive 

probability must follow Bayes’ rule. Finally, the start-up’s and investor’s payoffs are 

given at the terminal nodes (respectively).  

IV.2.3 Model 1: Equilibria  
 

A Perfect Bayesian Equilibrium (P.B.E) is characterized by a pair of strategies 

and actions from both the start-ups and the investor that are best responses to each other 

given the associated beliefs. Note that the start-up’s action given its type is noted as 

or  and the investor’s best response against the start-up’s action is 

. For simplicity, only pure strategies are considered. There could be 2 

types of equilibria: pooling where both types play the same strategy and separating where 

they play different strategies. Given that only pure strategy equilibria are considered, all 

P = H P = L

P = H |η P = L |η

Ii | P∈ H ,L{ }
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information sets along the equilibrium 2path are reached with positive probability. For 

example, a pooling equilibrium on that is written as 

 means that in such 

equilibrium both types choose to get a low number of patents; the investor’s best 

response is to make a high investment offer if the start-up gets a high patent count and the 

investor makes a low offer if the start-up gets a low number of patents. Also, in such 

equilibrium the investor’s belief that the start-up is a high ability type if he gets a low 

patent count is equal to 0.5 and the investor’s belief that the ability of the start-up is low 

if the start-up gets a low patent count must be greater than .  A separating 

equilibrium that is written as  

means the high type separates from the low type by obtaining the highest patent count. 

The investor’s best response is to offer the highest investment level to the type that gets 

the highest patent count. As previously the associated beliefs are given by q and r.  

A further refinement of a P.B.E that is the “intuitive criterion” (Cho and Kreps, 

1987) is also applied to impose restrictions on beliefs off the equilibrium path. 

Intuitively, the idea behind this criterion is “[…] to argue that certain types should not be 

expected to use certain strategies” (Fudenberg and Tirole, 1991, p. 447). The intuitive 

criterion is more formally characterized as follows. Given a certain perfect Bayesian 

equilibrium on , suppose the information set following  is off the 

 
2 Off the equilibrium path, beliefs are set to be arbitrary at first.  

P = L

[(P = L | L,P = L |H )(IH | P = H , IH | P = L),r = 0.5,q > IH − IL
s(ΠH −ΠL )

]

IH − IL
s(ΠH −ΠL )

[(P = L | L,P = H |H )(IH | P = H , IL | P = L),r = 0,q = 1]

P = L P = H
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equilibrium path, and  is equilibrium-dominated3 for type H, then (if possible) the 

investor’s belief that the start-up is of type H given ( q in figure 1) should place a 

zero probability on type H. Note that the intuitive criterion is only applicable given 

is not equilibrium dominated for both types of startup ( H and L). Given the 

relationships between the exogenous variables in the model , and the best 

responses (see proofs in Appendix A for more details), three cases can be distinguished. 

Each case has its importance in guaranteeing that either separating or pooling perfect 

Bayesian equilibria or both exist. In what follows next, a more detailed discussion of the 

three cases is presented.  

IV.2.4 Case 1:  

Under this scenario, the difference in investment levels is strictly lower than the 

difference in profit level times half of the investor’s share from the profits . This 

condition is important for the investor to be willing to invest  given   in the 

pooling cases.  

  

 
3 In general, in a perfect Bayesian equilibrium, a message is equilibrium dominated for a type if that type’s 
equilibrium payoff is greater than his highest possible payoff from sending any other message. In this 
game, given a perfect Bayesian Equilibrium  is equilibrium dominated for type H if type H’s 
payoff in such equilibrium is greater than his highest possible playoff if he played  instead.  

P = H

P = H

P = H

Ii ,Π j  and  s

IH − IL <
s
2

Π H −Π L( ).

Π j

IH P = H

P = H
P = L



 

  26 

IV.2.5 Case 2:   

Under this payoff structure, the difference in investment levels is greater or equal 

to the difference in profit level multiplied by the investor’s share from the profits . 

This condition must hold for the investor to be willing to invest in the separating cases.  

IV.2.6 Case 3:  

In this case, the difference in investment levels is less than the difference in profit 

level multiplied by the investor’s share from the profits but greater than difference in 

profit level times one half of the investor’s share from the profits. This condition 

guarantees the existence of a separating Perfect Bayesian Equilibrium.  

Next, we turn to characterizing equilibria. Note that in all propositions discussed 

below, a further refinement of a perfect Bayesian equilibrium, that is the “intuitive 

criterion” (Cho and Kreps, 1987) is applied to impose restrictions on beliefs off the 

equilibrium path. 

IV.2.7 Proposition 1 

 In case 1: , 

a) there exists a pooling equilibrium on  if and only if  

 and  ,  

b) There exist two pooling equilibria on  

 IH − IL ≥ s Π H −Π L( ).

Π j

s
2

ΠH −ΠL( ) < IH − IL < s ΠH −ΠL( )

IH − IL <
s
2

ΠH −ΠL( )

P = H

IH − IL ≥CHH −CLH − 1− s( )(Π H −Π L ) IH − IL ≥CHL −CLL

P = L
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c) There exists a separating perfect Bayesian Equilibrium if and only if 

. 

IV.2.8 Discussion  

First, pooling cases are discussed. Given that the conditions outlined in a) hold, 

there exists a perfect Bayesian equilibrium where both types acquire the high patent 

count . Such equilibrium trivially satisfies the intuitive criterion. As it pertains to 

pooling equilibria on , there exist two. In one equilibrium, the investor’s best 

response is to offer the high investment level to a start-up with either a high or a low 

patent count; in the other equilibrium, the investor offers the high investment level to a 

start-up with a low patent count and the startup with the high patent count gets the lowest 

investment level. We can therefore write: 

and 

 are pooling Perfect 

Bayesian equilibria that trivially satisfy the intuitive criterion.  

Provided that the condition given  in c) holds, then  

 is a separating equilibrium. In 

this equilibrium, the high type separates from the low type by obtaining the highest patent 

count and gets offered the highest investment level whereas the opposite is true for the 

low ability type. This result also implies that in case 1, the condition outlined in c) is an 

(CHH −CLH )− 1− s( ) ΠH −ΠL( ) ≤ IH − IL <CHL −CLL

P = H

P = L

[(P = L | L,P = L |H )(IH | P = H , IH | P = L),r = 0.5,q > IH − IL
s(ΠH −ΠL )

]

[(P = L | L,P = L |H )(IL | P = H , IH | P = L),r = 0.5,q ≤ IH − IL
s(ΠH −ΠL )

]

[(P = L | L,P = H |H )(IH | P = H , IL | P = L),r = 0,q = 1]
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incentive compatibility condition that guarantees that neither type pretends to be the 

other. Row (2) of Table 1 provides a summary of findings in Case 1.  

IV.2.9 Proposition 2 

 In case 2: , 

a) There exists no pooling equilibrium on .  

b) There exists a pooling equilibrium on  if and only if 

. 

c) There exists no separating equilibrium.  

In case 2, there does not exist a pooling equilibrium where both types pool on the high 

patent count . Given that the condition outlined in b) holds, then 

 is a pooling 

equilibrium on that satisfies the intuitive criterion. Finally, in case 2 it is 

impossible to tell the types apart as there does not exist a separating equilibrium. A 

summary of findings in case 2 is provided in the last row of Table 1.  

IV.2.10 Proposition 3 

 In case 3: : 

a) There exists no pooling on . 

b) There exists no pooling on that satisfies the intuitive criterion.   

c) There exists a separating perfect Bayesian equilibrium that satisfies the intuitive 

criterion if and only if .  

 IH − IL ≥ s Π H −Π L( )

P = H

P = L

(CHH −CLH )− 1− s( ) Π H −Π L( ) < IH − IL <CHL −CLL  )

P = H

[ P = L | L,P = L |H( ), IL | P = H , IL | P = L( )r = 0.5, q ≤ IH − IL
s(ΠH −ΠL ) ]

P = L

s
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(CHH −CLH )− 1− s( ) ΠH −ΠL( ) ≤ IH − IL <CHL −CLL



 

  29 

In case 3, there does not exist a pooling equilibrium on . Note that if and 

only pooling , then 

is a a pooling 

equilibrium on . However, this pooling equilibrium does not  satisfy the intuitive 

criterion. Row 3 of Table 1 summarizes findings in case 3. Given that the condition 

provided in c) holds, then  is a a 

separating perfect Bayesian equilibrium that satisfies the intuitive criterion. 

 Finally, note that in both cases 1 and 2, patents are an ambiguous signal because 

of the existence of pooling equilibria that do not permit investors to tell types apart. Only 

in case 3 do patents constitute an informative signal since the high ability type always 

separates from the low ability firm by obtaining the highest patent count.  

IV.2.11 Model 2  

Model 2 is similar to the first one with the exception that patents are productive 

and generate higher profits in this framework. More specifically, the investment level  

generates profits that are high if the start-up is a high ability type, acquires a high patent 

count and the investor makes a high investment offer; profits are low otherwise. 

Therefore, profits depend on ability, patent count and the investment level that is offered. 

The startup’s and investor’s payoffs are constructed in the same manner as previously. 

Figure 2 (Appendix A) shows the extensive form of the game when patents are 

productive (model 2).  

P = H

(CHH −CLH )− 1− s( ) Π H −Π L( ) < IH − IL <CHL −CLL  )
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s(ΠH −ΠL ) ]

P = L
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The game is solved in the same manner and a discussion of proofs (for both 

models) can be found in Appendix A. Similary to the first model, 3 cases can be defined 

in model 2 and  findngs in each case are detailed below:  

IV.2.12 Case 1:  

• There exists a pooling on if and only if 

and . 

• There exists a pooling perfect Bayesian equilibrium on  that can be written 

as . This 

equilibrium satisfies the intuitive criterion if and only if .  

• There exists a separating perfect Bayesian equilibrium that trivially satistfies the 

intuitive criterion if and only if  and 

. Such equilbrium is written as 

. 

IV.2.13 Case 2:  

• there exists no pooling P.B.E on .  

• There exists a pooling perfect Bayesian Equilibrium on  that satisfies the 

intuitive criterion. Such equilibrium can be written as:

  

• There does not exist a separating equilibrium. 
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)]

IH − IL ≤CHL −CLL

IH − IL <CHL −CLL

IH − IL > (CHH −CLH )− 1− s( )(Π H −Π L )

[(P = L | L,P = H |H );(IL | P = L, IH | P = H );q = 1,r = 0]

 IH − IL ≥ s Π H −Π L( ).

P = H

P = L

[(P = L | L,P = L | L);(IL | P = H , IL | P = L);r = 0.5,q ≤ IH − IL
s(ΠH −ΠL )

)]



 

  31 

IV.2.14 Case 3:  

• there exists no pooling perfect Bayesian equilibrium on  

• There exists a pooling perfect Bayesian equilibrium on that satisfies the 

intuitive criterion. Such equilibrium is written as: 

  

• There exists a separating equilibrium that trivially satisfies the intuitive criterion 

if and only if   and . 

This separating written can be written as: 

.  

There are commonalities in findings between models 1 and 2 as it pertains to 

some equilibria types and differences concerning other equilibria types. Specifically, as it 

pertains to the existence of a pooling equilibrium on , both models arrived at the 

same conclusions under each case. In case 3, model 1 finds no pooling equilibrium on 

 whereas in model 2, a pooling on  exists. The conditions for the existence of 

a separating equilibrium are the same for both models (in each case).  

A summary of findings under each case in model 2 is given in Table 2.  

Finally, these models lead to some hypotheses that can be tested empirically. 

Since, patents are modeled as a signal of ability, it must be that patents should not in 

reality affect productivity. We however, modeled patents both from a productive and an 

unproductive perspective. The empirical section allows to see which model is supported 

s
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by the data. Specifically, firms’ productivity is measured in terms of its sales growth. If 

patents are indeed a signal and do not impact productivity, we should see no statistically 

significant effect of the use of patents on firm productivity.  

IV.3 Conclusion Remarks 

Asymmetric information often leads firms, in particular small firms to resort to 

different signaling strategies to convey information about their attributes. In the 

technology market, firms may resort to patents, prototypes, alliances etc. as means to 

signal their technological abilities. In analogy with Spence (1973), one may argue that 

patents could serve as a signal of technology quality as start-ups face different costs of 

patent acquisition based on their technological capabilities. 

In this chapter, two three-stage patent signaling games for small firms where in 

both games the message is patent count, the sender is the start-up and the receiver is the 

investor are constructed. In one, patents are productive and induce higher profits, and in 

the other they are not productive. In each model, conditions for the existence of 

separating and pooling equilibria are identified. In the pooling equilibria patents are an 

ambiguous signal, but in the separating equilibria, patents are informative. The empirical 

strategy used to test the theoretical models is discussed in Chapter VI.  
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Table 1. Summary of Cases and Equilibrium Types in Model 1  
 
Cases/Conditions Pooling Equilibrium 

on  
Pooling 
Equilibrium on 

 

Separating and 

 

 
Yes if and only if

 
and   

 
 

Yes  Yes if and only if  
 

and  

 
 
No 

 
No 

 
Yes if and only if and  

 
and  

 No  Yes if and only if 

 

and  

 

No 

 
 
  

P = H
P = L

P = L | L
P = H |H

IH − IL <
s
2

ΠH −ΠL( ) IH − IL ≥CHH −CLH − 1− s( )(Π H −Π L )

IH − IL ≥CHL −CLL

(CHH −CLH )− 1− s( ) ΠH −ΠL( ) ≤ IH − IL <CHL −CLL
q = 1

s
2

ΠH −ΠL( ) < IH − IL < s ΠH −ΠL( )
(CHH −CLH )− 1− s( ) ΠH −ΠL( ) ≤ IH − IL <CHL −CLL

q = 1
 IH − IL ≥ s Π H −Π L( )

IH − IL <CHL −CLL

IH − IL > (CHH −CLH )− 1− s( )(Π H −Π L )
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Table 2. Summary of Cases and Equilibrium Types in Model 2 

Cases/Conditions Pooling Equilibrium 
on  

Pooling 
Equilibrium on 

 

Separating and 

 

 
Yes if and only if

 
and   

 
and  

Yes if and only if
 
Yes if and only if  

and  

 

and  

 
 
No 

 
Yes 

Yes if and only if 
and  

 

 No  Yes No 

P = H
P = L

P = L | L
P = H |H

IH − IL <
s
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ΠH −ΠL( ) IH − IL ≥CHH −CLH − 1− s( )(Π H −Π L )

IH − IL ≥CHL −CLL
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IH − IL > (CHH −CLH )− 1− s( )(Π H −Π L )
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s
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IH − IL > (CHH −CLH )− 1− s( )(Π H −Π L )

 IH − IL ≥ s Π H −Π L( )
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CHAPTER V 

THE AEGIS DATASET  
 
 

V.1 Introduction 

 This Chapter describes the Advancing knowledge Intensive Entrepreneurship and 

Innovation for Growth and Social Well-being in Europe (AEGIS) dataset that we use for 

the empirical analyses in this dissertation. According to the European Commission’s 

Community Research and Development Information Service’s (CORDIS) website (n.d), 

the AEGIS survey resulted from an effort to identify country or sector specific 

assessment tools for knowledge intensive entrepreneurial (KIE) firms in an effort to 

provide policy recommendations for the promotion of entrepreneurship and economic 

development (Caloghirou et al., 2011).  

Malerba (2019) defines KIE firms as “. . . new learning organizations that use and 

transform existing knowledge and generate new knowledge in order to innovate within 

innovation systems” (Malerba and Mckelvey, 2018a, as cited in Malerba, 2019, p 581). 

The AEGIS dataset was therefore constructed to investigate the impact of KIEs in 

fostering economic growth in Europe (Audretsch and Link, 2019; Hodges and Link, 

2017). This dataset is unique in a sense that it covers multiple European Union countries 

while incorporating elements of other well-known datasets such as the Community 

Innovation Survey (CIS), Global Entrepreneurship Monitor (GEM) survey, the KFW- 
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ZEW survey (by the Centre for European European Economic Research (ZEW) and the 

KfW Bankengruppe) and the Kauffman Firm Survey (Caloghirou, et al., 2011).  

The data collection process recorded survey and interview information from 

September 2010 to March 2011 on KIE firms across ten European countries: Croatia, 

Czech Republic, Denmark, France, Germany, Greece, Italy, Portugal, Sweden and the 

United Kingdom (Caloghirou, et al., 2011). Since the exact year when each firm was 

interviewed is not known, it is assumed that all firms were surveyed in 2011. In the initial 

stage of the survey, a total of 338,725 firms (from the Amadeus database) in the 10 

participating countries were targeted. The survey was to be implemented via a Computer 

Aided Telephone Interviews system (CATI system) and because only 180,215 firms had 

telephone information; “[an] additional sample was purchased from other sources 

(Compass/D&B) so as to achieve the targets per country/sector combination” 

(Caloghirou, et al., 2011, p. 23). Firms imported from all sources totaled 202,286. Due to 

screen outs, a total of 4004 interviews were completed.  

 Caloghirou, et al. (2011) describe the year of establishment of firms as the main 

shortcoming of the data. More specifically, as they explained, the survey’s target was 

firms that were actually started between 2001 and 2007; however, firms that have 

undergone changes in their legal status between 2001 and 2007 were reported as new 

firms in business registries even though they may have been established prior to 2001. 

Therefore, extracting firms established in 2005, for instance, led to a sample of firms 

constituted of both “[...] those that are actually new firms and were indeed born in that 

year […], along with other entities that may represent new legal entities but are not 
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actually new firms” (p. 22). Consequently, several firms were screened out, sometimes 

disproportionally in some countries/sectors, making participation rates vary significantly 

across firms/sectors. Firms located in smaller countries were also oversampled to achieve 

an adequate representation of such firms. To mitigate this issue in the empirical analysis 

(Chapter VI), sampling weights equal to the inverse of the likelihood of a firm being 

sampled are used4. Descriptive statistics on the unweighted data and on the weighted data 

are very similar. Only descriptive statistics using the weighted data are presented below.  

V.2 Variables of Interest 

The focal variable in this dissertation is the use of patents as means to protect 

intellectual property. The relevant survey question is Q30 (see Table 18). Respondents 

were asked whether the firm used (Yes or No) patents as means to protect intellectual 

property during the last three years. We assume that patenting is persistent and is the 

same in prior years. Therefore, the patenting variable is used as a proxy for earlier 

patenting.  

Based on the literature review in Chapter II and the review of international patent 

laws in Chapter III, variables that are relevant as covariates with the use of patents to 

protect intellectual property relate to country, sector, market structure and other firm 

characteristics. Such firm characteristics include firm ages, size in terms of the number of 

full-time employees and sources of initial resources. Innovative activity, measured in the 

 
4 As Calighorou, et al (2011) explained, firms imported from all sources totaled 202,286 and the dataset 
contains information on 4004 firms. The probability of a firm being sampled ranges from 0.0099 (France) 
to 0.083 (Croatia), and the sampling weights are equal to the inverse of the probability of a firm being 
sampled.  
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AEGIS dataset by the introduction of a new product or service into the market, R&D 

expenditures as percent of sales are also important. Human capital covariates are 

measured by lead founders’ education and experience. Also, relevant covariates include 

demographic characteristics such as lead founders’ age, gender; and size of the founding 

team. Other variables of interest include the firms’ performance measured in terms of 

sales growth. All of the relevant survey questions are listed in Table 20.  

V.3 Descriptive Analysis 

This section provides an overview of relevant variables from the AEGIS dataset. 

Tables that follow are presented in an order that related to the discussion above. First, 

general descriptive information is presented by country and sector. Then, information is 

presented in terms of use of patents as an IPPM by country and sector and by market 

structure. After this, as noted above, information is presented about, innovative activity 

and R&D intensity by country and sector. Finally, human capital, demographic 

information, size of the founding team and statistics on firm performance are presented.   

Firms in the AEGIS are grouped into three sectoral categories: high technology 

(high-tech) manufacturing sector, low technology (low-tech) manufacturing sector and 

KIBS (Knowledge Intensive Business Services) sector according to their NACE 

(Nomenclature des Activités Économiques dans la Communauté Européenne) code 

(Revision 1.1), which is similar in function to the North American Industry Classification 

Code System. More specifically, Table 3 (Caloghirou, et al., 2011) provides a breakdown 

of the selected sectors with their corresponding NACE code.  
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 Overall, the descriptive statistics from the weighted data are very similar to those 

from the unweighted data. First, general AEGIS firms’ characteristics using the 

unweighted data are presented in Table 4A. Second, for every variable, descriptive 

statistics using the weighted data are presented in this section (descriptive statistics tables 

on the unweighted data are presented in appendix C).  

 In total, 4004 firms across the 10 European countries in our dataset were 

surveyed. Table 4A shows the distribution of firms surveyed by country and sector. The 

majority of firms surveyed are established in Italy, the U.K. and France (n=580, n=571, 

and n=570, respectively) while Croatia and Czech Republic are the least represented in 

the data (n=200 for each). Denmark, Greece, Portugal and Sweden have about the same 

share of firms in the dataset, (n=330, n=331, and n=334, respectively). Across all 

countries, the sample of firms surveyed in KIBS sector is largest (n=1982), it is more 

than quadruple the number of firms in high technology manufacturing sectors (n=420). 

France and Germany have the highest count of firms in both the high technology sectors 

(n=68 and n=67, respectively) and KIBS sectors (n=306 and n=330, respectively). Greece 

has the least number of firms in high technology manufacturing sector (n=22). Italy ranks 

first in terms of its representation in the low technology manufacturing sector (n=316), 

while Denmark has the lowest share of firms in the low technology manufacturing sector 

(n=69). Table 4B shows a weighted count of AEGIS firms by country and sector; that is a 

distribution of all firms imported from all sources by country and sector.  

The distribution of firms by the use of patents as an intellectual property 

protection mechanism (IPPM) by country and by sector is presented in Table 5. The use 
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of patents as an IPPM is the greatest in the high technology manufacturing sector (about 

29% of firms in high-tech use patents). About 15% of firms in the KIBS sector and the 

low technology manufacturing sector rely on patents as an IPPM.  

Moreover, there exists across all sectors cross-country variation in the use of 

patents as an IPPM. It is least prevalent in Czech Republic where only about 13% of all 

firms rely on patents, and it is greatest in Germany where about 21% of firms rely on 

patents. The use of patents also varies by sector both within countries and across 

countries. In the U.K, for example, 49% of firms in high-technology manufacturing 

sectors use patents against 11% of firms in low-technology manufacturing sectors. 

Compared to the rest of the sample, the U.K has the highest share of firms in high-

technology manufacturing sectors that rely on patents as an IPPM; the U.K. ranks second 

in the KIBS sector but has the third lowest percentage of such firms in the low-

technology manufacturing sector. Moreover, among all countries, Denmark has the 

highest share of firms in low-technology manufacturing sector that rely on patents as an 

IPPM. 

Table 6 shows that across all sectors and countries, the majority of firms (57%) 

operate in a very competitive environment. The high-tech sector has the least share of 

firms that operate in a competitive environment (38%) while the KIBS sector has the 

greatest share of such firms (61%).  

V.3.1 Other Firm (and Market) Characteristics  

Next, firm ages and size are described in Tables 7 and 8. First, note that to 

construct the variable firm’s age, it is assumed that all firms were surveyed in 2011 and 
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then the start year was subtracted from 2011. Firms’ ages are grouped by country and 

sector and range from 4 to 11 years. The mean firm has been established for about 7 

years, and in all countries except in Greece and Italy, the percentage of firms interviewed 

that are 10 years old is the greatest. Table 6 highlights cross country/sector variations in 

firm’s ages. In Portugal, for instance, 23% of firms have been established for 4 years, 

whereas in Croatia and Czech Republic the percentage of firms that age is 4.5%. Firm 

size is measured in terms of a firm’s number of full-time employees and two part-time 

employees are treated as equal to one full-time employee.  

Table 9 presents correlation coefficients between size and the use of patents as an 

IPPM by country. Overall, there exists a positive correlation between the number of full-

time employees, a measure of firm size, and the use of patents as an IPPM. However, the 

strength and direction of this relationship varies by country and sector. For instance, in 

the high technology manufacturing sector, size and the use of patents as an IPPM move in 

opposite directions in Croatia, Italy, Portugal and Sweden. Across all sectors in Croatia, 

Germany, Greece and Portugal, there is a negative correlation between size and the use of 

patents as an IPPM.  

Table 10 shows that across all countries, self-funding (from savings) is the 

primary source of initial investments. This finding holds for each country in the dataset. 

Banks are the next most frequent source of funding, and the average percentage of initial 

funds that come from a bank is about 15%. Across all countries, the share of initial 

resources originating from the European Union is only 1%.  
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 Other market characteristics include the share of firms’ sales in local, national and 

international markets. The mean percentage of firms’ sales in local/regional markets is 

47% and is close to the share of sales in the national market, 41% (see Table 11). Across 

all countries, about 13% of sales are in the international market. 

V.3.2 Firms’ Innovative Characteristics  

 On average firms in the high technology manufacturing sector spend the greatest 

share of their sales on R&D (16%), followed by KIBS sector (14%) and firms in the low 

technology manufacturing sector spend the least on R&D (about 11%, see Table 12). 

Among all countries, Czech Republic, Greece and Sweden spend the least percentage of 

their sales on R&D (less than 10% each) while Italy and Croatia spend the most on R&D 

(about 17% each). The majority of firms interviewed across all sectors have introduced a 

new product/service in the market and across all countries, about 63% of firms have also 

introduced a new product in the market (see Table 13).    

V.3.3 Human Capital  

The human capital variables of interest relate to the education and experience of 

founders. Following the literature that has analyzed the AEGIS dataset, we assume that 

the first-listed founder on the survey is the primary founder and the founder to be 

investigated. Education is measured in terms of highest educational attainment and is 

sectioned into 5 levels: elementary education, secondary education, bachelor’s degree, 

postgraduate degree and PhD. Table 14 shows that founders’ education varies cross 

countries.  In Italy for instance, the majority of founders have only a secondary education 

(57%) and only about 2% have a bachelor’s degree while 29% have a postgraduate 
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degree and 5% hold a PhD. In Germany, almost 48% of founders have a postgraduate 

degree and about 42% have at least a bachelor’s degree. Across all countries, the 

percentage of founders that have a secondary education is highest (37%) and is close to 

that of those who have a postgraduate degree (34%). The share of founders with an 

elementary education is about 7% and is] equal to the share of founders that have a PhD; 

about 59% of lead founders across counties have at least a bachelor’s degree.  

Founders’ experience is measured both in terms of most recent occupational 

background and the number of years of experience (in the current sector their company is 

active in) before the establishment of the company. Table 15 shows that the percent of 

founders who were employed at a firm in the same industry is the highest among all most 

recent occupational backgrounds both within countries and across countries. Among all 

firms surveyed, the percent of founders that were either a university or research institute 

employee, a government employee or unemployed is similar and is about 2%. Among all 

sectors, founders in the high technology sector have the highest number of years of 

experience, about 16 years (see Table 16). Overall, in the low technology manufacturing 

sector and in the KIBS sector, the average number of years of experience is similar and is 

about 13 years. Across all countries, the mean number of years of experience is about 14 

years.  

V.3.4 Demographic Characteristics of Founders and Size of the Founding Team 

The demographic characteristics of founders that are of interest are age and 

gender. About 75% of first-listed founders were at least 40 years old at the time the data 

were collected (see Table 17). Firms with founders that were 18 to 29 years are the least 
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represented in the data and constitute about 4% (on average) across all countries. Overall, 

the share of firms with a male founder is largest and is almost equal to 84% (see Table 

18); the mean number of founders is about 2 founders.  

V.3.5 Firms’ Performance  

 Finally, we measure a firm’s performance by its average sales growth. Companies 

were questioned about the percentage increase/decrease in their sales both from 2007 to 

2009 and in 2010. The information recorded for the above two periods was combined to 

compute the mean of sales growth from 2007 to 2010. On average, firms in all countries 

and sectors experienced an increase in sales except in Croatia, where firms in the high 

technology and low technology manufacturing sectors had a decrease in their sales. 

Across all countries, firms in the KIBS sector have the greatest sales growth (about 25%, 

see Table 19), followed by firms in the high-tech sector (about 23%). Firms in the low 

technology manufacturing sector experienced the least increase in sales, about 17%. 

Firms located in Croatia experienced the least mean sales’ increase across all sectors 

(0.43%) while the ones Sweden experienced the greatest increase (33.6%). 
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Table 3. Selected Sectors for the AEGIS Survey  
 

Selected Sectors  NACE rev.1.1 code  
 

High Technology Manufacturing Sectors   
Aerospace  
Computers and Office Machinery  
Radio-television and communication and equipment  
Manufacture of medical, precision and optical instruments 
(scientific instruments) 
Pharmaceuticals  
Manufacture of electrical machinery and apparatus 
Manufacture of machinery and equipment  
Chemical industry (excluding pharmaceuticals) 
 

35.3 
30 
32 
33 
 

24.4 
31 
29 

24 (excluding 24.4) 

Low-technology manufacturing sectors  
Paper and Printing  
Textile and clothing  
Food, beverages and tobacco 
Basic metals  
Fabricated metal products   
 

 
21,22 

17,18,19 
15 
16 
28 

KIBS sectors   
Telecommunications  
Computer and related activities  
Research and experimental development  
Other business services activities 
 

64.2 
72 
73 

74.1, 74.2, 74.3, 74.4,  
74.5,74.8* 

“*Selection for most 4-digit sectors. Only some 74.87 (other activities) excluded” 
(Caloghirou, et al., 2011, pp 16-17.). 
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Table 4A. Count of AEGIS Firms by Country and Sector  
 
 High-Tech 

Sector 
Low-Tech 

Sector 
KIBS Sector All Sectors 

Croatia 35 
(17.50) 

115  
(57.50) 

50 
(25.00) 

200  
(100.00) 

Czech Republic 25 
(12.50) 

92 
(46.00) 

83 
(41.50) 

200 
(100.00) 

Denmark 34 
(10.30) 

69 
(20.91) 

227 
(68.79) 

330 
(100.00) 

France 68  
(11.93) 

196 
(34.39) 

306 
(53.68) 

570 
(100.00) 

Germany 67  
(12.03) 

160 
(28.73) 

330 
(59.25) 

557 
(100.00) 

Greece 22 
(6.65) 

184 
(55.59) 

125 
(37.76) 

331 
(100.00) 

Italy 57  
(9.83) 

316 
(54.48) 

207 
(35.69) 

580 
(100) 

Portugal 31 
(9.37) 

170 
(51.36) 

130 
(39.27) 

331 
(100.00) 

Sweden 34  
(10.18) 

108 
(32.34) 

192 
(57.49) 

334 
(100.00) 

U.K. 47  
(8.23) 

192 
(33.63) 

332 
(58.14) 

571 
(100.00) 

 
All Countries 

 
420  

(10.49) 

 
1602 

(40.01) 

 
1982 

(49.50) 

 
4004 

(100.00) 
In parentheses are row percentages.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

  47 

Table 4B. Weighted Count of AEGIS Firms by Country and Sector  
 
 High-Tech 

Sector 
Low-Tech 

Sector 
KIBS Sector All Sectors 

Croatia 419 
(17.50) 

1378 
(57.50) 

599 
(25.00) 

2397 
(100.00) 

Czech Republic 381 
(12.50) 

1401 
(46.00) 

1264 
(41.50) 

3046 
(100.00) 

Denmark 813 
(10.30) 

1650 
(20.91) 

5427 
(68.79) 

7890 
(100.00) 

France 6817 
(11.93) 

19649 
(34.39) 

30676 
(53.68) 

57142 
(100.00) 

Germany 4454 
(12.03) 

10635 
(28.73) 

21935 
(59.25) 

37024 
(100.00) 

Greece 278 
(6.65) 

2324 
(55.59) 

1579 
(37.76) 

4180 
(100.00) 

Italy 5094 
(9.83) 

28241 
(54.48) 

18500 
(35.69) 

51835 
(100.00) 

Portugal 511 
(9.37) 

2804 
(51.36) 

2144 
(39.27) 

5459 
(100.00) 

Sweden 2126 
(10.18) 

6754 
(32.34) 

12006 
(57.49) 

20886 
(100.00) 

U.K. 1023 
(8.23) 

4179 
(33.63) 

7226 
(58.14) 

12427 
(100.00) 

 
All Countries 

 
21916 
(10.49) 

 
79014 
(40.01) 

 
101356 
(49.50) 

 
202286 
(100.00) 

Weighted using the survey’s sampling weights  
In parentheses are row percentages.   
 
All following tables (presented in this section) are created using weighted data.  
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Table 5. Percentage of Firms that Use of Patents as An Intellectual Property Protection 
Mechanism (IPPM), by Country and Sector 
 
 High-Tech 

Sector 
Low-Tech 

Sector 
KIBS Sector All Sectors 

 
Croatia 18.18 13.58 17.14 15.22 
Czech Republic 20.00 14.52 8.93 13.04 

 
Denmark  36.36 20.00 9.70 14.80 
France  24.44 10.75 16.37 15.86 
Germany 37.21 14.43 20.62 20.96 
Greece  38.46 17.07 9.470 15.15 
Italy 25.53 15.22 9.80 14.42 
Portugal  12.50 23.01 16.28 19.28 
Sweden 29.17 9.23 14.41 14.49 
U.K.   48.57 11.30 18.23 19.01 
 
All Countries 

 
28.79 

 
13.98 

 
15.13 

 
16.35 
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Table 6. Distribution of Firms’ Use of Patents by Market Structure, by Country and 
Sector (in %) 
 
 High-Tech 

Sector 
Low-Tech 

Sector 
 

KIBS Sector All Sectors 
 

Croatia 62.86 
(37.14) 

53.91 
(46.09) 

52.00 
(48.00) 

55.00 
(45.00) 

Czech Republic  40.00 
(60.00) 

64.13 
(35.87) 

73.49 
(26.51) 

65.00 
(35.00) 

Denmark  50.00 
(50.00) 

46.38 
(53.62) 

56.39 
(43.61) 

53.64 
(46.36) 

France  36.76 
(63.24) 

44.90 
(55.10) 

61.44 
(38.56) 

52.81 
(47.19) 

Germany  37.31 
(62.69) 

61.88 
(38.12) 

63.64 
(36.36) 

59.96 
(40.00) 

Greece  22.73 
(77.27) 

60.87 
(39.13) 

60.8 
(39.2) 

58.31 
(41.69) 

Italy  42.11 
(57.89) 

63.29 
(36.71) 

58.45 
(41.55) 

59.48 
(40.59) 

Portugal  67.74 
(32.26) 

74.12 
(25.88) 

67.69 
(32.31) 

71.00 
(29.00) 

Sweden 20.59 
(79.41) 

62.96 
(37.04) 

59.38 
(40.63) 

56.59 
(43.41) 

U.K. 25.53 
(74.47) 

60.94 
(39.06) 

62.05 
(37.95) 

58.67 
(41.33) 

All Countries 37.62 
(62.38) 

58.19 
(41.81) 

61.11 
(38.89) 

57.42 
(42.58) 

The relevant survey question is Q15. Right now, are there other businesses offering the same products 
and/or services to your potential? customers?  

Q15=1 if there are many other businesses offering the same products and/or services to the firm’s 
customers; 0 otherwise. We report statistics for both Q15= 1 and Q15= 0 (in parentheses) 
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Table 7. Mean Firm Age in Years, by Country and Sector 
 
 High-Tech 

Sector 
Low-Tech 

Sector 
KIBS Sector All Sectors 

 
Croatia 7.57 8.17   8.38 8.12 
Czech Republic 7.76 7.57   7.30 7.48 
Denmark 6.352   6.420 6.75 6.64 
France   7.31 6.87   6.9 6.94 
Germany 6.75 7.01 6.24 6.52 
Greece 6.5 7.77 7.16 7.45 
Italy 7.21 7.07 7.51 7.24 
Portugal 7.06 6.76 7.02 6.89 
Sweden 6.91 8.26 6.47 7.1 
U.K. 7.66 7.66 7.37 7.49 
 
All Countries 

 
7.11 

 
7.17 

 
6.86 

 
7.01 
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Table 8. Distribution of Firms by Age in Years, by Country and Sector (in %) 
 
Countries/Sectors 

4 
Y

ea
rs

 

5 
Y
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6 
Y
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7 
Y

ea
rs

 

8 
Y

ea
rs

 

9 
Y

ea
rs

 

10
 Y

ea
rs

 

11
 Y

ea
rs

 

Croatia  4.5 4.5 11 14.5 20 11.5 34 0 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
17.14 
1.74 
2 

 
5.71 
5.22 
2 

 
5.71 
13.91 
8 

 
8.57 
13.91 
20 

 
25.71 
16.52 
24 

 
11.43 
16.52 
0 

 
25.71 
32.17 
44 

 
0 
0 
0 

Czech Republic 4.5 15 13.5 15.5 19 11.5 21 0 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
0 
2.17 
8.43 

 
20 
9.78 
19.28 

 
8 
17.39 
10.84 

 
12 
19.57 
12.05 

 
20 
19.57 
18.07 

 
16 
14.13 
7.23 

 
24 
17.39 
24.10 

 
0 
0 
0 

Denmark 20 16.97 14.85 15.45 12.73 0 20 0 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
20.59 
24.64 
18.5 

 
20.59 
20.29 
15.42 

 
17.65 
17.39 
13.66 

 
14.71 
7.25 
18.06 

 
11.76 
8.70 
14.1 

 
0 
0 
0 

 
14.71 
21.74 
20.26 

 
0 
0 
0 

France 14.39 15.79 16.84 15.96 12.81 0 24.21 0 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
5.88 
14.80 
16.01 

 
22.06 
17.86 
13.07 

 
17.65 
17.86 
16.01 

 
5.88 
15.31 
18.63 

 
17.65 
8.67 
14.38 

 
0 
0 
0 

 
30.88 
25.51 
21.90 

 
0 
0 
0 

Germany 8.08 45.06 7.54 9.34 7.90 0.18 21.9 0 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
4.48 
6.25 
9.7 

 
44.78 
35.62 
49.7 

 
8.96 
8.75 
6.67 

 
5.97 
8.75 
10.3 

 
10.45 
10.62 
6.06 

 
0 
0.62 
0 

 
25.37 
19.38 
17.58 

 
0 
0 
0 

Greece 6.34 21.15 8.46 12.69 12.69 13.6 25.08 0 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
9.09 
3.8 
9.6 

 
27.27 
17.93 
24.8 

 
13.64 
8.7 
7.2 

 
22.73 
10.87 
13.6 

 
13.64 
14.13 
10.4 

 
9.09 
15.22 
12 

 
4.55 
29.35 
22.4 

 
0 
0 
0 

Italy 13.62 12.59 13.62 14.31 13.62 6.9 25.34 0 
 
High-Tech Sector 
Low-Tech Sector 

 
12.28 
13.92 

 
8.77 
14.87 

 
14.04 
15.19 

 
17.54 
13.92 

 
21.05 
11.08 

 
10.53 
10.76 

 
15.79 
20.25 

 
0 
0 
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KIBS Sector  
 

13.53 10.14 11.11 14.01 15.46 0 35.75 0 

Portugal 22.96 19.34 7.85 8.46 9.37 1.21 30.82 0 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
16.13 
26.47 
20 

 
12.9 
19.41 
20.77 

 
19.35 
6.47 
6.92 

 
9.68 
8.24 
8.46 

 
9.68 
8.24 
10.77 

 
6.45 
1.18 
0 

 
25.81 
30 
33.08 

 
0 
0 
0 

Sweden 18.86 13.17 12.57 11.98 11.98 1.20 30.24 0 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
17.65 
12.96 
22.4 

 
8.82 
4.63 
18.75 
 

 
8.82 
9.26 
15.10 

 
23.53 
8.33 
11.98 

 
23.53 
4.63 
14.06 

 
5.88 
1.85 
0 

 
11.76 
58.33 
17.71 

 
0 
0 
0 

U.K. 5.08 25.39 8.23 11.03 12.96 1.93 35.2 0.18 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
8.51 
5.73 
4.22 

 
12.77 
19.27 
30.72 

 
10.64 
7.81 
8.13 

 
19.15 
11.46 
9.64 

 
8.51 
16.67 
11.45 

 
2.13 
5.21 
0 

 
38.3 
33.33 
35.84 

 
0 
0.52 
0 
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Table 9. Correlations between the Use of Patents as an IPPM and Firm Size Measured by 
Number of Full-Time Employees, by Country and Sector 
 
 High-Tech 

Sector 
Low-Tech 

Sector 
KIBS Sector All Sectors 

 
Croatia (n=137)  -0.03 -0.00 -0.0404 -0.02 
Czech Republic 
(n=134) 

0.49* -0.19 -0.0206 0.19* 

Denmark (n=195) 0.34 0.15 
 

0.00 0.17* 

France (n=303) 0.32* 0.08 0.19* 0.19* 
Germany (n=328) 0.28 -0.12 -0.05 -0.03 
Greece (n=222) 0.16 0.12 -0.03 -0.00 
Italy (n=424) -0.14 0.09 0.09 0.06 
Portugal (n=218) -0.12 0.03 -0.06 -0.03 
Sweden (n=183) -0.11 0.01   0.19* 0.06 
U.K. (n=337) 0.28 0.20* 0.11 0.17* 
 
All Countries 

 
0.17* 

 
0.05 

 
0.00 

 
0.03 

  
Note: 
Size is measured as the number of full-time employees where 2 part-time employees are treated as one full-
time employee 
 
*significant at the 5% level or better  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

  54 

Table 10. Mean Source of Initial Resources by Country  
 
 Sources of Initial Resources 
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Croatia  78.87 7.22 2.15 0.98 8.75 1.11 0.00 1.43 

Czech Republic  77.39 3.73 1.70 0.26 12.03 0.41 0.57 3.67 

Denmark  76.36 0.80 0.96 1.65 16.99 0.80 0.28 2.21 

France  72.57 2.76 0.53 1.67 18.02 2.63 0.21 2.43 

Germany  69.19 4.48 1.47 3.20 14.49 3.64 0.53 3.08 

Greece 74.39 5.67 0.49 0.55 10.08 2.88 5.77 0.25 

Italy  61.74 6.80 1.59 2.74 20.39 3.44 1.50 1.78 

Portugal  72.31 6.43 0.52 0.84 15.15 2.29 0.92 1.53 

Sweden  77.96 1.32 0.35 2.87 16.29 1.44 0.42 3.19 

U.K.  78.62 2.36 1.19 3.25 7.84 2.97 0.21 6.51 

 
All Countries  

 
70.46 

 
4.13 

 
1.06 

 
2.36 

 
16.73 

 
2.81 

 
0.77 

 
2.62 
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Table 11. Mean Percent Sales in Local/Regional, National and Domestic Markets by 
Country 
 
 Local Market National Market International Market 

Croatia  41.51 40.07 18.43 
Czech Republic  35.09 43.06 21.86 
Denmark) 35.27 46.82 17.92 
France  55.43 36.23 8.35 
Germany  42.23 42.28 15.49 
Greece) 40.31 46.69 13.00 
Italy  47.41 39.62 12.96 
Portugal  33.46 52.21 14.33 
Sweden  43.16 43.19 13.66 
United Kingdom  45.80 37.78 16.42 

 
All Countries  46.94 40.23 12.83 

Note. The relevant survey question is Q16. During the last three years (2007-2009) what was the % of your 
firm’s sales in:  
Key:  
1= local/regional market 
2= national market  
3= international market 
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Table 12. Mean of Percentage of Sales Spent on R&D, by Country and Sector 
 
 High-Tech 

Sector 
Low-Tech 

Sector 
 

KIBS Sector 
 

All Sectors 

Croatia 23.14 14.43 16.98 16.59 
Czech Republic  14.60 8.34 9.14 9.45 
Denmark  14.29 8.46 12.22 11.65 
France  12.64 6.99 13.63 11.23 
Germany  17.29 10.43 14.11 13.43 
Greece  8.77 7.22 12.00 9.13 
Italy  17.19 15.75 19.14 17.10 
Portugal  11.23 9.37 15.50 11.95 
Sweden 17.18 5.19 11.29 9.92 
U.K. 
 

17.16 7.65 13.49 11.83 

All Countries 15.51 10.74 14.36 13.07 
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Table 13. Distribution of Firms by the Introduction of a New Product in the Market 
During the Three Years Prior to the Interview’s Date, by Country and Sector (in %) 
 
 High-Tech 

Sector 
Low-Tech 

Sector 
KIBS Sector All Sectors 

 
Croatia  62.86 70.43 70.00 69.00 
Czech Republic  80.00 67.39 67.47 69.00 
Denmark  64.71 57.97 59.03 59.39 
France  66.18 47.45 55.88 54.21 
Germany  64.18 60.62 58.79 59.96 
Greece  59.09 66.85   76.00 69.79 
Italy  82.46 72.78 73.91 74.14 
Portugal  77.42 66.47 66.15 67.37 
Sweden  70.59 60.19   61.46 61.98 
U.K. 
 

74.47 59.90 57.83 59.89 

All Countries 70.64 62.24 61.53 62.8 
Note. The relevant Question is: Q27a. Did this company introduce new or significantly improved goods or 
services during the past three years? (Exclude the simple resale of new products purchased from other 
enterprises and changes of solely aesthetic nature).  
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Table 14. Distribution of First-Listed Founder’s Education by Country (in %) 
 
 Levels of Education 

 Elementary 
Education 

Secondary 
Education 

Bachelor’s 
degree 

Postgraduate 
degree 

 
PhD 

Croatia 0.00 29.47 60.00 8.42 2.11 
Czech Republic  0.55 43.72 4.92 46.45 4.37 
Denmark 15.56 16.89 26.49 37.42 3.62 
France 6.01 30.97 17.12 38.25 7.65 
Germany 10.36 26.87 4.22 47.60 10.94 
Greece 3.13 25.08 47.96 18.18 5.64 
Italy 7.21 57.12 1.62 28.65 5.41 
Portugal 16.92 36 35.69 9.23 2.15 
Sweden 1.84 28.22 31.6 33.74 4.6 
U.K. 1.86 37.85 33.21 19.29 7.79 
 
All Countries 

 
6.86 

 
36.74 

 
15.17 

 
34.34 

 
6.89 
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Table 15. Distribution of First-Listed Founders by Founders’ Most Recent Occupational 
Background by Country (in %) 
 

 Last Occupation of First-Listed Founder Before Establishing this Firm 
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Croatia  13.02 4.69 43.75 20.31 3.65 1.56 5.73 2.08 5.21 
Czech Republic  11.05 3.68  37.89 12.63 23.16 3.16 0.53 0.53 7.37 
Denmark  7.88 2.42 50 23.94 5.15 2.73 5.45 0.61 1.81 
France  4.23 3.7 41.9 30.28 5.46 1.41 1.41 6.16 5.46 
Germany  11.65 4.44 43.25 15.53 14.97 2.96 1.48 1.48 4.25 
Greece  11.46 8.98 50.46 15.79 4.02 1.86 0.31 3.72 3.41 
Italy  16.96 14.51 28.85 13.29 15.73 0.7 0.87 0.87 8.22 
Portugal  11.21 6.97 39.39 21.82 9.09 0.91 1.52 4.24 4.85 
Sweden  4.5 3 49.55 27.03 7.81 3.3 1.2 1.8 1.8 
U.K.  6.16 6.51 52.11 18.49 7.92 2.29 2.99 1.41 2.11 
 
All Countries 

    
9.65 

    
6.86 

  
40.62 

  
21.06 

  
10.49 

 
   1.83 

    
1.54 

    
2.77 

   
 5.18 
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Table 16. First-Listed Founder’s Mean Number of Years of Experience prior to the 
Company’s Establishment, by Country and Sector  
 
 High-Tech 

Sector 
Low-Tech 

Sector 
KIBS Sector All Sectors 

 
Croatia  13.56 10.68 11.04 11.29 
Czech Republic  19.96 11.18 9.73 11.70 
Denmark  9.97 10.21 13.34 12.34 
France  17.33 13.01 12.96 13.49 
Germany  14.79 13.63 12.72 13.25 
Greece  17.48 15.65 13.57 14.99 
Italy  16.49 14.05 12.17 13.62 
Portugal  12.45 11.51 9.79 10.93 
Sweden  13.48 11.30 16.94 14.75 
U.K.  
 

15.41 13.91 14.54 14.40 

All Countries  15.73 13.25 13.27 13.53 
Note. The relevant question here is: Q7. Approximately how many years of professional experience did the 
founder(s) have in the current sector your company is active before the establishment of this company?  
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Table 17. Distribution of Founders by First-Listed Founder’s Age and Country (in %) 
 
 Age Categories 

 18-29 30-39 40-49 >50 

Croatia  3.65 25.52 31.77 39.06 
Czech Republic 4.74 37.89 27.37 30 
Denmark  2.42 20.91 39.09 37.58 
France  3.87 20.25 39.79 36.09 
Germany  3.33 23.84 37.52 35.30 
Greece  2.79 20.12 40.56 36.53 
Italy  6.99 26.05 33.22 33.74 
Portugal  4.55 45.15 28.48 21.82 
Sweden  3.6 23.72 31.53 41.14 
U.K.  3.70 20.60 36.62 39.08 
 
All Countries 

 
4.48 

 
23.78 

 
36.05 

 
35.68 
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Table 18. Distribution of First-Listed Founder’s Gender and Size of the Founding Team  
 
  

Male (%) 
 

Female (%) 
Mean Number of 

Founders 
Croatia  79.69 20.31 1.69 
Czech 88.95 11.05 2.01 
Denmark 87.27 12.73 1.70 
France 83.63 16.37 1.85 
Germany 89.09 10.91 2.15 
Greece  91.64 8.36 2.28 
Italy 80.42 19.58 2.43 
Portugal 76.67 23.33 2.20 
Sweden 82.58 17.42 1.68 
U.K. 85.74 14.26 2.05 
 
Overall  

 
83.96 

 
16.04 

 
2.06 
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Table 19. Firms’ Mean Sales Increase/Decrease by Country and Sector (in %) 
 
 High-Tech 

Sector 
Low-Tech 

Sector 
KIBS Sector All Sectors 

Croatia  -0.79 -1.91 6.63 0.43 
Czech Republic  9.96 7.38 13.70 10.33 
Denmark  46.51 16.01 30.26 28.96 
France 16.99 14.58 26.45 21.24 
Germany  24.57 32.92 24.83 27.12 
Greece  8.61 4.28 5.58 5.06 
Italy  16.80 11.62 23.26 16.28 
Portugal  15.39 10.58 16.81 13.48 
Sweden  49.44 32.27 31.55 33.60 
U.K  
 

39.36 19.72 23.86 23.74 

All Countries  23.17 16.95   25.33 21.82 
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Table 20. Relevant Survey Questions  
 

Relevant Survey Questions 
Numbers/Text 

 
Code 

 
Description/Label 

Q1. What is the total number 
of?  

1 
 
2 

Full time employees at your 
company? 
Part-time employees at your 
company? 

Q4. Who founded your 
company?  
 
1 Founder 1  
2 Founder 2  
3 Founder 3  
4 Founder 4  
 

1 
2 
3 

Mr.  
Mrs.  
Ms. 

Q5. What is/are the highest 
educational attainment of the 
founders?  
 
1 Founder 1  
2 Founder 2  
3 Founder 3  
4 Founder 4  
 

1 
2 
3 
4 
5 
6 
 

Elementary Education  
Secondary Education 
Bachelor’s degree  
Postgraduate degree  
PhD 
Don’t know  

Q6. What the last occupation 
of the founder(s) before the 
establishment of this 
company? 
 
1 Founder 1  
2 Founder 2  
3 Founder 3  
4 Founder 4  
 

1 
2 
 
3 
4 
 
5 
6 
 
7 
8 
9 
 

10 

Owner of a firm still in 
existence  
Owner of a firm that has 
ceased operations  
Employee of a firm in the 
same industry 
Employee of a firm in a 
different industry 
Self-employed  
University or research 
institute employee 
Government employee  
Unemployed  
None of the above- this is 
his/her first job  
Don’t know  
 

Q7. Approximately how 
many years of professional 
experience did the founder(s) 
have in the current sector 
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your company is active 
before the establishment of 
this company? 

1 Founder 1  
2 Founder 2  
3 Founder 3 
4 Founder 4   
 
Q9. What is the age of the 
founders?  
 
1 Founder 1  
2 Founder 2  
3 Founder 3  
4 Founder 4  
 

1 
2 
3 
4 
5 

18-29 
30-39 
40-49 
>50 
Don’t know  

Q10. Was/were the founder 
(s) born in this country?  
1 Founder 1  
2 Founder 2  
3 Founder 3  
4 Founder 4  
 

1 
2 
3 

Yes 
No 
Don’t know 

Q.11 Did the company come 
out of another pre-existing 
organization? 
 

1 
2 

Yes 
No 

Q12a. If Q11=1  
What is the Parent 
Organization  

1 
2 
3 

University  
Company  
Other, specify 

Q12b. if Q11=1 and Q12a=2  
Is the company still related to 
the firm as a: 

1 
2 
3 
4 
5 
 
 

Partner  
Competitor 
Customer  
Supplier  
None of these  

Q13. Please estimate the 
importance of the following 
factors for the formation of 
the company, on a 5-point 
scale, where 1 is not 
important and 5 is extremely 
important.  

3 
4 
5 
6 
7 
 
8 
9 
 

Design knowledge  
Knowledge of the market  
Networks built during 
previous career 
Availability of finance  
Opportunities in a public 
procurement initiative  
Existence of a large enough 
customer  
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10 
 

11 

Opportunities deriving from 
technological change  
Opportunity deriving from a 
new market need  
Opportunity deriving from 
new regulations or 
institutional requirements  

Q14. Please estimate the 
percentage of funding coming 
from the following sources 
for setting up your company? 

1 
2 
3 
 
 
4 
5 
6 
 
 
7 
8 

Own financial resources 
(savings) 
Funding from family member  
Funding from previous 
employer (corporate venture 
capital, university incubator 
technology transfer)   
Venture capital  
Funding from a bank  
Public fund from national 
government or local 
authorities (programs 
supporting entrepreneurship, 
etc.) 
European Union Funds  
Other sources (please specify)  

Q15. Right now, are there 
other businesses offering the 
same products and/or services 
to your potential customers? 
 

1 
2 
3 

Yes, many business 
competitors  
Only a few business 
competitors  
No other business 
competitors  

Q.16 During the last three 
years (2007-2009), what was 
the percentage of your firm’s 
sales in?  

1 
2 
3 

Local/regional market  
The national market  
The international market  

Q.26 Please indicate to what 
extent your company has 
participated in the following 
types of agreement? On a 5-
point scale where 1 is not at 
all and 5 is very often 

1 
2 
3 
4 
5 
6 
7 
8 

Strategic alliance  
R&D agreement  
Technical cooperation 
agreement  
Licensing agreement  
Sub-contracting  
Marketing/export promotion 
Research Contract-Out  
Other (please specify)  

Q27 a Did your company 
introduce new or significantly 
improved goods or services 
during the past three years? 
(exclude the simple resale of 

1 
2 

Yes 
No 
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new products purchased from 
other enterprises and changes 
of solely aesthetic nature). 
 
Q27b. Please estimate  1 

 
2 

The share of new or 
significantly improved goods 
to total sales  
The share of new or 
significantly improved 
services to total sales  

Q28. The new or significantly 
improved goods/services 
were…?  

1 
2 
3 

New to the firm 
New to the market 
New to the market 

Q30. Please indicate which of 
the following methods were 
used by your firm to protect 
its intellectual property 
during the last three years? 
 
1 Patents 
  

1 
2 
3 

Yes 
No 
Don’t know  

Q32. On average, which 
percentage of your sales has 
been spent on R&D during 
the last three years?  
 

1 Which percentage of sales is 
spent on R&D?  

Q33. Please indicate the 
average increase/decrease of  
Q 33 A 2007-2009  
 
Q33.B End of 2010  
  

Q20. Please indicate to what 
extent the following factors 
have been obstacles to the 
firm growth and expansion of 
business activities. On a 5-
point scale, were 1 is not at 
all and 5 is to a great extent.  

1 
2 
 
 
1 
2 
 
 
4 
 

Sales  
Employment  
 
 
Sales  
Employment  
 

Difficulty in finding the 
necessary funding for growth 
investments  
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CHAPTER VI 

EMPIRICAL METHODS  
 
 

 This chapter presents the empirical strategy that is used to investigate firms’ 

propensity to use patents as an IPPM and to make causal inferences about the game 

theoretic models in Chapter IV.  

VI.1 Testable Hypotheses 

Chapter II stated the alternative hypotheses from the literature to be tested 

empirically with the AEGIS data. These hypotheses will generally be tested using a 

single equation model where the propensity to use patents as an IPPM (a dichotomous 

variable) is the dependent variable. The independent variables relate to country, sector, 

market structure (competitiveness), innovative activity (percent sales spent on R&D), 

firm characteristics (age, size), human capital measures (founders’ education and 

experience), demographic characteristics (lead founder’s age, gender).  

VI.2 A Probit Model of the Propensity to Use Patents as an IPPM 

 As a starting point of the empirical analysis, the relation between the use of 

patents as an IPPM and R&D intensity is examined using correlations. Table 21 shows 

that the use of patents as an IPPM is positively correlated to a firm’s R&D intensity, that 

is its percentage of sales that is invested in R&D. For example, the correlation between 

the use of patents as an IPPM and R&D intensity is 0.56 (as shown in Table 21) and this  
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correlation is statistically significant at the 0.05 level or better. This relationship is 

persistent across all countries when all sectors are considered, but by sector across 

countries the relationship is intermittent in terms of significance.  

Next, a probit model is considered as a first step to identify covariates with the 

propensity of firms to use patents as an IPPM. The model is specified using a latent 

variable approach as follows: 

 
  (VI.1) 

if ,  if  
 

 

 
by symmetry of the distribution of the error term around zero. It is assumed that 

 is the standard normal distribution and the estimation framework is maximum 

likelihood. In equation (VI.1) above, “ ” is a  vector of covariates and “ ” is a 

vector of coefficients.  

 First, the relationship between the use of patents, R&D intensity and country 

effects, sector effects, and market structure effects is considered (specification 1). A 

second specification (2) including all variables in the previous specification in addition to 

other relevant covariates with the use of patents that were identified from the review of 

the extent literature is considered next. Table 22 defines the variables used to estimate the 

probit model in equation (VI.1); Table 23 provides descriptive statistics on these 

Patents*= Xβ + ε

Patents = 1 Patents*> 0 Patents = 0 Patents*≤ 0

P(Patents = 1| X ) = P(Patents*> 0 | X ) =

P(Xβ + ε > 0 | X ) = P(ε > Xβ | X ) = 1− F(−Xβ ) = F(Xβ )

ε

F(Xβ )

X 1XK β

KX1
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variables. Country and sector variables are clearly labeled. The measure of market 

structure is defined in the table and is labeled as Competitive. Sampling weights are used 

in all specifications to account for non-randomness in the data.  

VI.3 Inferences about the Game Theoretic Models 

In this section, the empirical methods used to make inferences about the 

theoretical models are discussed. In model 1, patents are a signal that do not impact a 

firm’s productivity whereas, in model 2 patents are made productive. In the empirical 

analyses below, productivity is measured by sales growth and the implications of the 

models are tested by estimating a firm’s sales growth as a function of its propensity to 

patent as given by equation VI.2 below. 

 

 (VI.2) 

 
In equation (VI.2)  above, “SG” is the explained variable and stands for sales 

growth, “X ” is a  vector of covariates, “γ” is a vector of coefficients. “Patents” 

is the dichotomous explanatory variable of interest that takes on the value of 1 if the firm 

applied for patents and zero otherwise; β1 is the partial effect of applying for patents on 

sales’ growth and “u” is the error term. Further note that the description and descriptive 

statistics on the variables used to estimate equation (VI.2) are included in Tables 22-23.  

VI.3.1 The Ordinary Least Squares (OLS) Estimator  

As a starting point of the empirical analyses, the hypothesis that patents are a 

signal and do not impact firm productivity is tested using the Ordinary Least Squares 

(OLS) estimator. Consider equation (VI.2) above, for OLS to be consistent, the error term 

SG = β0 + β1Patents+ Xγ + u

1XK KX1
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must be uncorrelated with the explanatory variables. However, it is suspected that the 

covariance between “patents” and the error term “u” is different from zero. It is highly 

likely that firms that benefit more from patenting are the ones that use patents the most, 

making the treatment effects for the other firms essentially zero. Therefore, there likely 

are heterogeneous treatment effects. Further, there may be omitted or unobserved 

variables that impact sales growth and that may also be correlated with “patents”. The 

direction of this bias is ambiguous as some of the omitted variables such as patent fees 

and unionization are negatively associated with the probability that a firm will use patents 

while the opposite is true for variables such as company diversification and risk of 

imitation. This source of endogeneity will cause the OLS estimator to be biased and 

inconsistent.    

VI.3.2 An Instrumental Variables (IV) Approach  

 Consider equation (VI.2) above, because we suspect , it is 

highly likely that is biased and inconsistent. To mitigate the issue, I use a firm’s 

difficulty in finding the necessary funding for growth as instrumental variable (z) for the 

variable “Patents”. The difficulty variable in the survey is ordinal with 5 levels where the 

value 5 represents very high difficulty in finding funding.  

 As discussed in Wooldridge (2010), the instrument z must satisfy two 

requirements:  

1. The instrument is exogenous, that is the covariance between z and the error term 

is zero:  

cov( patents,u) ≠ 0

β1
!

cov(z,u) = 0
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2. The instrument z is partially correlated with the use of patents after the other 

exogenous explanatory variables have been netted out.   

It is reasonable to argue that the instrument is valid both theoretically and 

intuitively. Recall that in section III, patents are modeled as a signal to attract investment 

funds for several reasons that have already been discussed. Therefore, patenting must be 

positively correlated with difficulty in finding funding. Firms who experience greater 

difficulty in finding funding should be expected to patent more. Additionally, from an 

economics standpoint, conditional on controlling for the use of patents, I do not see any 

strong argument for the instrument to belong in the sales growth equation. Changes in 

firms’ difficulty levels of finding funding should not directly impact sales growth, at least 

not in the short term. Therefore, the effect is only through patenting in this context. 

Further, borrowing from Wooldridge (2010, Chapter 21), I exploit the binary 

nature of the patents variable by estimating a probit model in first stage where the 

explained variable is Patents and the explanatory variables are the vector X (in equation 

1) and the four IVs (Z). I then get the fitted values and use these as IVs in the 2SLS.  

 I also implemented a control function approach using the generalized residuals 

that were computed from the inverse mills ratio. Wooldridge (2015) showed that this 

method makes a huge difference when there are heterogenous treatment effects. I first use 

a specification (CF1 in Table 27) where both the generalized residuals and the interaction 

between the binary endogenous variable (patents) and the residuals are included in the 

last step. Adding the interaction of patents and the residuals in the last step is important 

because the endogeneity of the patent decision is also based on some unobserved 
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characteristics about the firms. In fact, firms that benefit more from patenting are the ones 

that tend to use patents more and the treatment effect for others is zero. Therefore, not 

making that separating could lead to wrong estimates as we suspect there are 

heterogenous treatment effects. To further address issues of unobserved heterogeneity, I 

also implemented a full “switching regression” approach (CF2 in Table 26) where in 

addition to using the generalized residuals as a control function, I included a set of 

interactions between the patents variable and other exogenous variables. In contrast with 

the usual 2SLS approach, this control function method makes distributional assumptions 

in the reduced form. Therefore, to achieve consistency, one would need to correctly 

specify the probit model in the first step. In the instance where the coefficient on the 

generalized residuals (in the last step) is significant, standard errors need to be adjusted. 

One could use the bootstrap procedure for such adjustment.  

VI.3.3 Lewbel’s Method  

As a robustness check, the model is also estimated using generated instruments 

from Lewbel’s approach in addition to other external instruments (difficulty levels in 

finding funding). Lewbel’s approach generates instruments by applying some restrictions 

on the correlations between the product of the heteroskedastic errors and the exogenous 

variables (Baum et al., 2012; Lewbel, 2012). Lewbel’s method therefore assumes the 

presence of some heteroskedasticity and is similar to using lagged values of a variable to 

achieve identification. However, in contrast, this method can be applied to cross sectional 

data. Used by itself, Lewbel’s approach could be fragile. Therefore, I combine other 
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external instruments (difficulty levels in finding funding) with the extra moment 5 

conditions through Lewbel’s approach to get an overidentification test of the moment 

conditions. If such conditions hold, then, standard errors are smaller and coefficient 

estimates are more reliable.    

  

 
5 See Lewbel, 2012; Baum et al.,2012 for derivations of the moment conditions.  
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Table 21. Correlations between the Use of Patents as an IPPM and Percent Sales Spent on 
R&D, by Country and Sector  
 
 High-Tech 

Sector 
Low-Tech 

Sector 
KIBS Sector All Sectors 

Croatia 0.56* 0.18 0.18 0.26* 
Czech Republic -0.04 0.5* 0.08 0.30* 
Denmark 0.15 0.14 0.18 0.15 
France 0.47* 0.08 0.33* 0.31* 
Germany -.02 0.44* 0.27* 0.27* 
Greece 0.30 -0.37 0.18 0.08 
Italy 0.14 0.13* 0.27* 0.17* 
Portugal 0.1 -0.04 0.15 0.03 
Sweden 0.37 0.15 0.30* 0.31* 
U.K. 0.32* 0.41* 0.37* 0.39* 
 
Total 

 
0.24* 

 
0.19* 

 
0.28* 

 
0.25* 

Key 
* significant at the 5% level or better  
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Table 22. Description of the Variables Used to Estimate Equations (VI.1) and (V1.2) 
 
Variable  Description 
Sales Growth  Firm’s average percentage increase/decrease from 2007 to 

2010 
Patent =1 if patents are used by the firm to protect its intellectual 

property between 2008 and 2010 (inclusive); 0 otherwise 
R&D/Sales  Average percent of sales spent on R&D between 2008 and 

2010 (inclusive)  
Competitive =1 if there are many other businesses offering the same 

products and/or services to the firm’s customers; 0 otherwise. 
The relevant survey question is: “Right now, are there other 
businesses offering the same products and/or services to your 
potential customers? Competitive=1 if the response was 1, 
“Yes”, many other business competitors.  

High Tech =1 if the firm is in the high-technology sector; 0 otherwise 
KIBS  =1 if the firm is in the KIBS sector; 0 otherwise  
Low-tech =1 if the firm is in the low-technology sector; 0 otherwise 
Firm size Firm’s average number of full-time employees where 2 part-

time employees are considered equivalent to one full time 
employee 

Firm age  Age of the business (2011-year established) 
Difficulty in Finding Funding Ordinal where 1 is no difficulty in finding funding at all and 

5 is very high difficulty in finding funding. 
Founder’s years of experience  First-listed founder’s number of years of experience 
Founder’s education  =1 if elementary education 

=2 if high school 
=3 if bachelor’s degree  
=4 if postgraduate degree  
=5 if PhD  

Founder’s age  =1 50 years old and above; 0 otherwise.   
Founder’s gender =1 if the first listed founder is female; 0 otherwise  
Croatia = 1 if the firm is in Croatia; 0 otherwise  
Czech Republic  =1 if the firm is in Czech Republic; 0 otherwise  
Denmark  =1 if the firm is in Denmark; 0 otherwise  
France  =1 if the firm is in France; 0 otherwise 
Germany =1 if the firm is in Germany; 0 otherwise 
Greece  =1if the firm is in Greece; 0 otherwise 
Italy =1 if the firm is in Italy; 0 otherwise  
Portugal  =1 if the firm is in Portugal; 0 otherwise  
Sweden  =1 if the firm is in Sweden; 0 otherwise  
U.K.  =1 if the firm is in the U.K; 0 otherwise  
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Table 23. Descriptive Statistics on the Variables Used to Estimate Equations (VI.1) and 
(VI.2) 
 

Variable Range Weighted Mean Unweighted Mean 

Sales Growth  -100 to 3250 27.5384 25.3697 
Patent 0/1   0.1635   0.1646 
R&D/Sales  0 to 100 16.5681 15.6329 
Competitive 0/1   0.5458  0 .5546 
High Tech 0/1   0.1224   0.1162  
KIBS  0/1   0.4937   0.4864 
Low-tech 0/1  0.3839   0.3974 
Firm size 0 to 1410 11.2571 12.7732 
Firm age   4 to 11   6.9865   7.1179   
Difficulty in Finding 
Funding  
1 
2  
3 
4 
5 

1/5 

 

 
 
  0.1981 
  0.1599 
  0.1896 
  0.1681 
  0.2844 

 

  0.1983 
  0.1702 
  0.1827 
  0.1741 
  0.2747   

Founder’s years of 
experience  

0 to 60 13.4144 13.0924 

Founder’s education  
1: Elementary 
2: High school  
3: Bachelor’s 
4: Post-graduate 
5: PhD 

1/5  
  0.0680 
  0.3606 
  0.1361 
  0.3582 
  0.0771 

 
  0.0644 
  0.3313 
  0.2212 
  0.3119 
  0.0713 

50 Founder is 50 
years old and above 

0/1   0.3445   0.3378 

Female Founder 0/1   0.1609   0.1490  
Croatia 0/1   0.0132   0.0552 
Czech Republic  0/1   0.0162   0.0531 
Denmark  0/1   0.0363   0.0760 
France  0/1   0.2476   0.1235 
Germany 0/1   0.1729   0.1296 
Greece  0/1   0.0224   0.0886 
Italy 0/1   0.3102   0.1737 
Portugal  0/1   0.0300   0.0911 
Sweden  0/1   0.0934   0.0747 
U.K. 0/1   0.0584   0.1343 
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CHAPTER VII 

EMPIRICIAL FINDINGS  
 

VII.1 Results from the Probit Model in Equation VI.1 

 In all specifications, sampling weights are used to account for non-randomness in 

the data. The average marginal effects reported in column (1) of Table 25 suggest that 

R&D intensity is a significant covariate with the probability that the firm will use patents 

as an IPPM. A one percentage point increase in the percentage of sales spent on R&D is 

associated with a 0.29 percentage points increase in the probability that a firm will rely 

on patents as an IPPM. Compared to firms in the low technology manufacturing sector, 

firms in the high technology manufacturing sector have a probability of using patents to 

protect their intellectual property that is about 10.51 percentage points higher. Market 

environment also affects firms’ decision to patent. More specifically, firms that operate in 

less competitive markets have a higher probability of using patents. Finally, in 

comparison to Croatia, the propensity to patent of firms located in Germany and Portugal 

is higher.  

 When all relevant covariates are included in the model (specification 2) the 

direction of the marginal effects of the variables discussed above remain unchanged. The 

partial effects of R&D intensity on patenting are similar in magnitude. Firms in the high 

technology manufacturing sector still have a higher likelihood of using patents, however, 
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the partial effects decrease by about two percentage points. Firms that operate in more 

competitive markets have a probability of using patents that is 7.69 percentage points 

lower. The location of the firm only seems to matter in Portugal and Germany where 

firms have a higher probability of relying on patents as an IPPM.  

Firm size is also a relevant covariate associated with the use of patents. The 

marginal effects in (2) suggest that larger firms have a higher probability of using patents 

which is consistent with the literature. Firms that are founded by PhD holders have a 

higher propensity of relying on patents as an IPPM at the 5% statistical significance level. 

Finally, firms with female founders have a likelihood of using patents that is 4.82 

percentage points lower compared to firms with male founders.   

VII.2 Inferences about the Game Theoretic Models 

This section discusses results from the different empirical methods used to make 

inferences about the games. In all models, sampling weights are used, and 

heteroskedasticity robust standard errors are estimated. Overall, results across all models 

are consistent.  

Table 26 reports results from various standard tests and regression coefficients 

from the estimation of equation (VI.2) using the different estimators discussed in the 

previous section.  The final sample used consists of a total of 2315 firms across all three 

sectors and 10 countries in the data. When the OLS estimator is used, the coefficient on 

the use of patents is positive and is about 7. However, it is not statistically significant at 

the 10% level. It is therefore found that the use of patents has no statistically significant 

effect on sales growth at the 10% statistical significance level. However, given concerns 
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over the endogeneity of patents, an instrumental variable approach would give more 

confidence about the results.  

I implemented a 2SLS method using fitted values from a probit model of patents 

on all explanatory variables and on the four instruments. Coefficient estimates and 

marginal effects from the probit are reported in Tables 24 and 25 respectively. Results 

from the first stage regression show that there exists a positive association between 

difficulty in finding funding and patenting as expected. Firms that experience greater 

difficulty in finding funding are more likely to patent in hopes to increase investment 

flows. Results from the 2SLS indicate no statistically significant effect of the use of 

patents on sales growth at the 10% level. Several standard tests were also conducted in 

search of evidence about the validity of the instruments. The minimum eigenvalue test 

statistic (with non-robust standard errors, which is the same as the F statistic since there is 

only one endogenous regressor) is above 17 and is larger than the critical value of a 5% 

Wald test (critical value = 4.84) and so, the null that the instruments are weak is rejected. 

Further, the F statistic on the instruments (with robust standard errors) is about 24 and has 

a p-value of 0, which also gives more confidence over the strength of the instruments. 

The p-value on Wooldridge’s (1995) robust score test is equal to 0.75 and therefore 

suggests evidence in favor of the null that the use of patents in the sales growth equation 

is exogenous. 

Results from the control function approaches are reported in columns 3 and 4 of 

Table 26. Note that the coefficient on the generalized residuals is not statistically 

significant. Therefore, the standard errors do not need to be adjusted. Recall that in CF1 
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(column 3, Table 26), in addition to using the residuals as a control function, the 

interaction between the residuals and the endogenous variable is also included in the last 

step. The coefficient on the use of patents from CF1 is similar to the ones from 2SLS and 

is not statistically significant at the 10% level. However, in comparison to 2SLS, the 

standard error on the patents variable is much smaller with CF1 approach. To further 

address concerns of heterogenous treatment effects, I implemented a full “switching 

regression” approach. When a set of interactions between the binary endogenous variable 

and other exogenous variables are included, the magnitude of the coefficient on the use of 

patents dropped significantly and its sign flipped from positive to negative. This result 

confirms our suspicions of self-selection and heterogenous treatment effects. Wooldridge 

(2015) also found with his catholic high school attendance example that when 

interactions with the binary endogenous variable were added to the model, the sign on the 

endogenous variable flipped from positive to negative. Students who benefit more from 

attending a catholic high school are the ones who self-select into it, making the treatment 

effect for others essentially zero. In our case, there is some self-selection due to 

unobserved heterogeneity as firms that benefit more from patenting are more likely to use 

patents. The coefficient on the patent variable is still not statistically significant at the 

10% level. Overall, results from using the 2SLS estimator and the CF approaches are 

consistent with findings from using the OLS estimator; the use of patents does not have 

any statistically significant effect on sales growth at the 10% level. Compared to OLS, 

the standard errors on the patents variable are also bigger in magnitude with both the 

control function approaches and the 2SLS estimator. 
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The high standard errors with the 2SLS estimator, and the CF method could be an 

indicator of noisy estimates. On one hand, given that we failed to reject the null that the 

instrumented explanatory variable is endogenous, on could argue that there is no reason 

to believe that 2SLS or CF is superior to OLS and that OLS is more efficient. On the 

other hand, it is also possible to argue that the test of endogeneity after the 2SLS 

procedure is not accurate because of heterogenous treatment effects.  

As a robustness check, I also implemented Lewbel’s method in combination with 

my external instruments (difficulty levels in finding funding). The p value on the Hansen 

J test is equal to 0.23 and suggests evidence in favor of valid excluded instruments. The 

coefficient estimate on the use of patents using Lewbel’s approach combined with other 

external instruments is not statistically significant at the 10% level either. It is equal to 

3.5 and is the smallest (in absolute value) compared to the other methods. Its associated 

standard error is very close to the OLS standard error.  

In summary, I find no significant effect of patenting on sales growth when the 

OLS estimator is used. This conclusion remains unchanged when I implemented an 

instrumental variable approach. When the 2SLS estimator and CF1 were used, both the 

coefficient and the standard error on the patents variable became larger in magnitude 

compared to OLS. However, when a full “switching regression” method was 

implemented in CF2, the coefficient estimate on the patents variable dropped 

significantly and flipped sign which is an indicator of heterogenous treatment effects. The 

coefficient on the patent variable from Lewbel’s method combined with external 
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instruments is the smallest (in absolute value) among all such coefficients from the other 

methods and its associated standard error is very close to the OLS standard error.  

In connection with the theory in Chapter IV, recall that patents were modeled as a 

signal of technological ability. Two frameworks, one where patents are productive 

(model 2) and another where they are not (model 1) were developed. Given that a firm’s 

productivity is measured by its sales growth, one may conclude that the difference in 

productivity between the group that uses patents and the one that does not use patents is 

not statistically different from zero. Therefore, these results provide evidence in favor of 

model 1 where patents are a signal that do not have any impact on firm productivity or 

payoffs. 

Finally, although, it is not the focus of this chapter, it is interesting to note that 

firm age has a negative and statistically significant effect on sales growth at the 1% level. 

This result remained consistent across all methods used. Founder’s years of experience 

and the country in which the firm is located (in most instances, see Table 27) all have 

statistically significant effects on sales growth at the 10% level.   

 In conclusion, using the AEGIS dataset, the empirical sections shed light on the 

signaling function of patents as well as their productivity. In fact, the validity of the 

theoretical models was empirically tested by estimating firms’ sales growth as a function 

of their use of patents. We found that patents were indeed a signal as patenting had no 

effect on sales growth. Consequently, the data provided evidence in support of model 1 

where patents are a signal that do not affect firms’ productivity measured in terms of 

sales growth. Finally, the high standard errors when 2SLS and a CF approach were 
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implemented could also raise concerns over noisy estimates. Panel data could make 

estimation more reliable as it would allow to control for unobserved time-invariant 

heterogeneity.  
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Table 24. Coefficient Estimates of the Probit Model in Equation (VI.1)  
 
Variable (1) (2) 
R&D/Sales 0.0132*** 

(0.0016) 
0.0207* 
(0.0109) 

Competitive -0.3726*** 
(0.0799) 

-0.2766*** 
(0.0988) 

Competitive* R&D/Sales — 
 

-0.0037 
(0.0033) 

Size 0.0022* 
(0.0013) 

0.0127*** 
(0.0039) 

Size*R&D/Sales — 0.0001 
(0.0001) 

Size Squared — 
 

-0.0001** 
(0.0000) 

Firm Age — 
 

0.1397 
(0.1662) 

Firm Age* R&D/Sales — 
 

-0.0002 
(0.737) 

Firm Age Squared — 
 

-0.0080 
(0.0114) 

High tech — 
 

0.3348*** 
(0.1226) 

KIBS — 
 

-0.0713 
(0.0924) 

High School — 
 

0.1776 
(0.2131) 

Bachelor’s Degree — 
 

0.1193 
(0.2404) 

Post-Graduate Degree — 
 

0.2153 
(0.2176) 

PhD — 
 

0.7152** 
(0.2712) 

High School* R&D/Sales — 
 

-0.0101 
(0.0097) 

Bachelor’s Degree* 
R&D/Sales 

— 
 

-0.0042 
(0.0103) 

Post-Graduate Degree* 
R&D/Sales 

— 
 

-0.0055 
(0.0098) 

PhD* R&D/Sales — 
 

-0.0110 
(0.0101) 

Female Founder — 
 

-0.2453** 
(0.1209) 

Founder’s experience — 
 

0.0021 
(0.0104) 

Founder’s experience squared — 0.0000 
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— (0.0003) 
Founder 50 years old or 
above 

— 
 

0.0043 
(0.0943) 

Funding Difficulty level 1  — 
 

0.3513*** 
(0.1294) 

Funding Difficulty level 3 — 
 

0.4690*** 
(0.1258) 

Funding Difficulty level 4 — 
 

0.4503*** 
(0.1287) 

Funding Difficulty level 5 — 
 

0.5793*** 
(0.1163) 

Czech Republic 0.0453 
(0.2144) 

0.1219 
(0.2375) 

Denmark 0.1140 
(0.1913) 

0.2443 
(0.2120) 

France 0.1373 
(0.1737) 

0.1522 
(0.1953) 

Germany 0.3214* 
(0.1709) 

0.3340* 
(0.1982) 

Greece 0.2027 
(0.1855) 

0.0931 
(0.1980) 

Italy 0.0802 
(0.1664) 

0.0526 
(0.1884) 

Portugal 0.4336** 
(0.1820) 

0.5653*** 
(0.1994) 

Sweden 0.1047 
(0.1923) 

0.2177 
(0.2083) 

U.K. 0.2671 
(0.1695) 

0.2697 
(0.1839) 

N 2315 2,315 
Chi2(36) 134.52*** 198.04*** 
PseudoR-Squared 0.0959 0.1344 

 
Standard errors in parentheses., p-values in brackets Subsumed in the intercept are firms in Croatia, in the 
low-tech sector, firms that operate in a monopoly setting, firms with funding difficulty level 2, founders 
with elementary education, founders that are male and those that are less than 50 years old.  
* Significant at the 10% level  
** Significant at the 5% level  
*** Significant at the 1% level 
 

 

 

 



 

  87 

Table 25. Average Marginal Effects of the Probit Model in Equation (VI.1)  
 
Variable (1) (2) 
R&D/Sales 0.0029*** 

(0.0003) 
0.0025*** 
(0.0003) 

Competitive -0.0845*** 
(0.0183) 

-0.0769*** 
(0.0176) 

Size 0.0005* 
(0.0003) 

0.0034*** 
(0.0008) 

Firm Age — 
 

0.0285 
(0.0354) 

High tech 0.1051*** 
(0.0333) 

0.0820* 
(0.0318) 

KIBS -0.0134 
(0.0185) 

-0.0145 
(0.0190) 

High School — 
 

-0.0095 
(0.0405) 

Bachelor’s Degree — 
 

0.0043 
(0.0449) 

Post-Graduate Degree — 
 

0.0188 
(0.0412) 

PhD — 
 

0.1214** 
(0.0570) 

Female Founder — 
 

-0.0482**   
(0.0219) 

Founder’s experience — 
 

0.0004 
(0.0022) 

Founder 50 years old or above — 
 

0.0010 
(0.0201) 

Funding Difficulty level 1  — 
 

0.0816*** 
(0.0326) 

Funding Difficulty level 3 — 
 

0.1129*** 
(0.0338) 

Funding Difficulty level 4 — 
 

0.1086*** 
(0.0347) 

Funding Difficulty level 5 — 
 

0.1367*** 
(0.0302) 

Czech Republic 0.0088 
(0.0416) 

0.0250 
(0.0454) 

Denmark 0.0229 
(0.0381) 

0.0511 
(0.0419) 

France 0.0279 
(0.0343) 

0.0312 
(0.0365) 

Germany 0.0713** 
(0.0356) 

0.0721* 
(0.0390) 

Greece 0.0425 
(0.0382) 

0.0194 
(0.0369) 
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Italy 0.0158 
(0.0321) 

0.0114 
(0.0343) 

Portugal 0.1012*** 
(0.0407) 

0.1332*** 
(0.0434) 

Sweden 0.0209 
(0.0381) 

0.0452 
(0.0407) 

U.K. 0.0578 
(0.0346) 

0.0570 
(0.0352) 

N 2315 2315 
 
Standard errors in parentheses., p-values in brackets Subsumed in the intercept are firms in Croatia, in the 
low-tech sector, firms that operate in a monopoly setting, firms with funding difficulty level 2, founders 
with elementary education, founders that are male and those that are less than 50 years old.  
* Significant at the 10% level  
** Significant at the 5% level  
*** Significant at the 1% level 
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Table 26. Results from the Estimation of Equation (VI.2) 
 

Variables (1) 
OLS 

(2) 
2SLS 

(3) 
CF1 

(4) 
CF2 

 

(5) 
L. method 

&external Ivs 
Patent 7.3713 

(5.8243) 
27.5179 

(54.1298) 
29.3942 

(34.9351) 
-9.6750 

(43.5751) 
3.5081 

(6.6608) 
R&D/Sales 0.1528 

(0.4339) 
0.0379 

(0.5591) 
0.0027 

(0.4854) 
-0.0560 
(0.4814) 

0.1394 
(0.4343) 

Competitive -3.8069 
(4.2998) 

-2.9574 
(5.1839) 

-2.6669 
(4.8872) 

-2.1174 
(5.4069) 

-3.9470 
(4.2790) 

Competitive* 
R&D/Sales 

-0.1677 
(0.2431) 

-0.1241 
(0.2074) 

-0.1190 
(0.2204) 

-0.0422 
(0.2298) 

-0.1734 
(0.2417) 

Size 0.0418 
(0.0704) 

0.0276 
(0.0804) 

0.0236 
(0.0696) 

0.0304 
(0.0697) 

0.0398 
(0.0685) 

Size*R&D/Sale
s 

0.0080* 
(0.0044) 

0.0068 
(0.0053) 

0.0067 
(0.004) 

0.0069 
(0.0047) 

0.0084 
(0.0044) 

Size Squared -0.0001* 
(0.0000) 

-0.0001 
(0.0001) 

-0.0001 
(0.0001) 

-0.0001 
(0.0001) 

-0.0001* 
(0.0000) 

Firm Age -22.7686*** 
(7.1010) 

-23.4201*** 
(7.4524) 

-23.6182*** 
(7.2336) 

-23.7448*** 
(7.1471) 

-22.4698*** 
(7.1344) 

Firm Age* 
R&D/Sales 

0.0018 
(0.0453) 

0.0025 
(0.0460) 

0.0036 
(0.0441) 

-0.0028 
(0.0422) 

0.0037 
(0.0454) 

Firm Age 
Squared 

1.2842*** 
(0.4603) 

1.3235*** 
(0.4790) 

1.3351*** 
(0.4665) 

1.3352*** 
(0.4581) 

1.2604*** 
(0.4609) 

High tech 3.6208 
(5.2901) 

1.5986 
(6.6247) 

1.1821 
(5.6657) 

1.6967 
(5.6604) 

3.8258 
(5.3535) 

KIBS 3.4438 
(4.5562) 

3.9269 
(4.8357) 

4.0577 
(4.7619) 

4.2147 
(4.7561) 

3.4304 
(4.5763) 

High School 0.4319 
(6.3209) 

-0.3845 
(6.6913) 

-0.6156 
(6.4724) 

-0.1629 
(6.4623) 

-0.2378 
(6.3797) 

Bachelor’s 
Degree 

3.6281 
(8.0814) 

3.0796 
(8.1118) 

2.8898 
(8.0431) 

3.7320 
(8.0427) 

2.4437 
(8.0219) 

Post-Graduate 
Degree 

0.1667 
(0.3312) 

-0.7324 
(7.8240) 

-1.0142 
(7.5812) 

-0.6913 
(7.5609) 

0.0260 
(7.2144) 

PhD 29.1271 
(18.3639) 

25.7895 
(23.9785) 

24.9379 
(22.5209) 

27.0570 
(23.2314) 

29.4408 
(7.2144) 

High School* 
R&D/Sales 

-0.1084 
(0.2830) 

-0.0583 
(0.3181) 

-0.0430 
(0.2935) 

-0.0636 
(0.2867) 

-0.0958 
(0.2837) 

Bachelor’s 
Degree* 
R&D/Sales 

0.0737 
(0.3177) 

0.0956 
(0.3312) 

0.1061 
(0.3194) 

0.0669 
(0.3125) 

0.1077 
(0.3185) 

Post-Graduate 
Degree* 
R&D/Sales 

0.1667 
(0.3312) 

0.1921 
(0.3477) 

0.2046 
(0.3327) 

0.1889 
(0.3275) 

0.1869 
(0.3322) 

PhD* 
R&D/Sales 

-0.1351 
(0.4735) 

-0.0938 
(0.4835) 

-0.0747 
(0.5009) 

-0.1451 
(0.4963) 

-0.1305 
(0.4716) 
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Female 
Founder 

1.6011 
(5.6352) 

2.4988 
(6.8144) 

2.7553 
(6.5370) 

3.0564 
(6.4991) 

1.8147 
(5.5631) 

Founder’s 
experience 

-1.0353* 
(0.5299) 

-1.0401** 
(0.5240) 

-1.0422*** 
(0.5294) 

-1.0458** 
(0.5248) 

-0.9189* 
(0.5338) 

Founder’s 
experience 
squared 

0.0205 
(0.0128) 

0.0202 
(0.0128) 

0.0202 
(0.0129) 

0.0205 
(0.0128) 

0.0159 
(0.0124) 

Founder 50 
years old or 
above 

-5.4194 
(3.5051) 

-5.5024 
(3.4751) 

-5.5008 
(3.4798) 

-5.4716 
(3.4630) 

16.5182 
(12.8395) 

Generalized 
residuals  

— 
 

— 
 

-15.1112 
(26.7220) 

-23.3912 
(24.8237) 

— 
 

(Generalized 
residuals) 
*Patent 

— 
 

— 
 

3.3713 
(18.1057) 

30.1330 
(20.9047) 

— 
 

R&D*Patent — 
 

— 
 

— 
 

0.4019 
(0.3146) 

— 
 

Competitive*P
atent 

— 
 

— 
 

— 
 

-10.7120 
(11.4821) 

— 
 

Firm 
Age*Patent 

— 
 

— 
 

— 
 

1.6072 
(2.1135) 

— 
 

N 2315 2315 2315 2315 2315 
R-squared 
(centered in 
(4)) 

0.0538 0.0527 0.0541 0.0549  

Robust F stat 
First stage 

— 
 

24.4886 
[0] 

— 
 

— 
 

— 
 

Test of 
Endogeneity 
Robust chi2(1) 
 
Robust F 
(1,2280) 

— 
 

0.1014 
[0.7501] 

 
 

0.1277 
[0.7208] 

— 
— 
 
 

— 
 

— 
— 
 
 

— 
 

— 
— 
 
 

— 
 

Hansen J 
statistic 
(overidentificat
ion test of all 
instruments 

— 
 

— 
 

— 
 

— 
 

40.7410 
[0.2325] 

Underidentifica
tion test 
(Kleibergen-
Paap rk LM 
statistic): 

— 
 

— 
 

— 
 

— 
 

273.4890 
[0.0000] 

Weak 
identification 
test (Cragg-

— 
 

— 
 

— 
 

— 
 

80.7450 
[critical value 

at 5% is 
21.3900] 
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Donald Wald F 
statistic): 
 
Kleibergen-
Paap rk Wald 
F statis 

— 
 

— 
 

— 
 

— 
 

61.641 
[critical value 

at 5% is 
21.3900] 

(5) Lewbel’s method combined with external instruments. Standard errors in parentheses., p-values in 
brackets Subsumed in the intercept are firms in Croatia, in the low-tech sector, firms that operate in a 
monopoly setting, firms with funding difficulty level 2, founders with elementary education, founders that 
are male and those that are less than 50 years old.  
* Significant at the 10% level  
** Significant at the 5% level  
*** Significant at the 1% level 
 
 
Table 27. Country Effects from the Estimation of Equation (VI.2) 
 
Variables  (1) 

OLS 
(2) 

2SLS 
(3) 

CF1 
(4) 

CF2 
(5) 

L. method & 
external Ivs 

Czech 
Republic 

12.2571** 
(5.8096) 

12.0898** 
(5.7316) 

12.0700** 
(5.7539) 

12.0709** 
(5.7539) 

12.3476** 
(5.7406) 

Denmark 36.6629** 
(17.9786) 

35.9009* 
(19.1584) 

35.7762* 
(18.7315) 

35.7762* 
(18.7315) 

36.8047** 
(18.0965) 

France 20.1658*** 
(5.3088) 

19.4287*** 
(5.5084) 

19.3946*** 
(5.3631) 

19.3946*** 
(5.3631) 

19.8138*** 
(5.0631) 

Germany 20.9483*** 
(7.0341) 

19.5585*** 
(6.9296) 

19.2518*** 
(6.7892) 

19.2518*** 
(6.7892) 

21.1295*** 
(7.0421) 

Greece 3.7548 
(4.3586) 

3.0801 
(4.3078) 

2.9671 
(4.2373) 

2.9671 
(4.2373) 

4.4484 
(4.3319) 

Italy 14.6892*** 
(5.4110) 

14.2742*** 
(5.1047) 

14.2319*** 
(5.1864) 

14.2319*** 
(5.1864) 

14.4555*** 
(5.4075) 

Portugal 5.6181 
(4.8098) 

3.2789 
(7.2468) 

2.6542 
(6.381) 

2.6542 
(6.3814) 

6.6345 
(4.6925) 

Sweden 33.5169*** 
(6.3006) 

32.7526*** 
(6.3206) 

32.7012*** 
(6.2653) 

32.7012*** 
(6.2653) 

33.3843*** 
(6.3103) 

U.K. 24.5833*** 
(5.890) 

23.3780*** 
(6.1188) 

23.2131*** 
(5.8615) 

23.2131*** 
(5.8615) 

24.7183*** 
(5.9227) 

(5) Lewbel’s method combined with external instruments.  
Standard errors in parentheses., p-values in brackets. Subsumed in the intercept are firms in Croatia, in the 
low-tech sector, firms that operate in a monopoly setting, firms with funding difficulty level 2, founders 
with elementary education, founders that are male and those that are less than 50 years old.  
* Significant at the 10% level  
** Significant at the 5% level  
*** Significant at the 1% level
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CHAPTER VIII 

CONCLUSIONS  
 
 

With the growth of the knowledge-based economy, Intellectual Property 

Protection Mechanisms (IPPMs) become center point. Among such mechanisms, patents 

are particularly interesting for several reasons. First, patents, viewed as new knowledge, 

provide useful measure for technological change both from a qualitative and a 

quantitative perspective. Second, patent disclosures promote the diffusion of ideas. Third, 

by allowing firms to enjoy temporary monopoly profits, patents provide an incentive for 

innovation. In addition, patents prohibit imitation and thereby fix market failures from 

spillovers that may arise in technology markets. Specifically, in the absence of patents, 

firms would have an incentive to imitate; which in turn would cause too little innovation 

to be produced. Patents may also serve as protection or defense mechanism tools in case 

of infringements suits. 

Further, when there are information asymmetries in the market, patents could 

convey important information about the ability of the firm in particular for small start-ups 

that have not yet built a strong reputation in the market. The signaling function of patents 

for start-ups is further justified by the existence of costs differentials between higher and 

lower ability firms. Further, patents are public knowledge; therefore, it is easy to verify 

the number of patents firms hold making cheap talk practices unfeasible. In this 
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dissertation, I explored patenting behavior among small entrepreneurial firms from both 

an empirical and a theoretical perspective. The chapters in this dissertation are briefly 

summarized below.  

In Chapter II, I explored the academic literature pertaining to patenting. This 

literature has mostly focused on large firms. There is a limited body of research that has 

studied the use of patents as an IPPM among small firms. From the review of the extent 

literature, this dissertation drew testable hypotheses on relevant covariates to be 

associated with the use of patents among small firms thereby contributing to the bridging 

of the gap in the literature as it pertains to IPPMs among small firms.  

Given that the literature has found legislative and institutional events to be an 

important determinant of the propensity to patent, it becomes crucial to account for these 

differences when estimating the propensity to patent. Therefore, Chapter III documents 

cross country differences in patent laws in the 10 different EU countries that compose the 

data used in the empirical sections. To summarize, there exist differences and 

commonalities in legal frameworks as it pertains to patenting in these countries. For the 

most part, the steps that firms must follow to obtain patent protection are similar in all 

countries. The differences in legal frameworks come mainly from the handling and 

punishments of validated patent infringement claims.  

Chapter IV focuses on the signaling function of patents. Two patent signaling 

games where in both, a higher and a lower ability start-up try to use the number of patents 

they hold as a signal of technological ability were proposed. In one model, patents 

generate higher profits, whereas in the other, they do not. Conditions for the existence of 
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both pooling and separating equilibria were identified. The existence of poling equilibria 

made patents an ambiguous signal. In the separating cases patents were informative as the 

higher ability start-up always separated from the lower ability one by obtaining a higher 

number of patents. In Chapter VI and VII, inferences about the theoretical models were 

made.  

The Advancing knowledge Innovation for Growth and Social Well-being in 

Europe (AEGIS) dataset that is used for the empirical section was discussed in Chapter 

V. The data is cross-sectional and comes from small entrepreneurial firms in 10 EU-

Countries. The information contained in the data relate to country, firm characteristics, 

human capital and demographic characteristics of founders, market structure and firm 

performance. The two focal variables for the empirical analyses in this dissertation come 

from the survey questions whether the firm used patents or not to protect its intellectual 

property and the firm sales growth.  

The empirical methods used in this dissertation and findings were discussed in 

Chapters VI and VII. As a starting point, a probit model was considered in order to 

identify relevant covariates associated with the use of patents as an IPPM among small 

entrepreneurial firms. Consistent with the patenting literature, such covariates are found 

to be R&D intensity, firm size, market structure, the sector in which the firm operates, 

human capital, founders’ gender and firm location in some instances. The second part of 

the empirical section tested the theoretical models developed in Chapter IV. Causal 

inferences on the signaling function and productivity (measured as sales growth) of 

patents were made. The empirical strategy started with the ordinary least squares 



 

  95 

estimator before moving to the two stage least squares (2SLS) estimator. In the 2SLS, I 

exploited the binary nature of patents by estimating a probit of Patents on all exogenous 

variables including the instruments in the first stage. I then used the fitted values as new 

instruments in the last step. A control function approach using the generalized residuals 

and a full “switching regression” approach with interaction between the binary 

endogenous variable and other variables were also implemented. Lewbel’s method in 

combination with other external instruments (difficulty levels in finding funding) was 

used as a robustness check. The data provided evidence in support of the model in which 

patents are a signal that do not impact a firm’s productivity measured in terms of sales’ 

growth.  

 There are some limitations of this study. The high standard errors in the 2SLS 

method and CF could raise concerns over noisy estimates. Panel data could make 

estimation more reliable as it would allow to control for unobserved time-invariant 

heterogeneity. Further, the empirical strategy did not disentangle whether pooling or 

separating equilibria happen but rather found evidence that patents are a signal that do not 

have any statistically significant effect on firm productivity measured in terms of sales 

growth.  

This work can also be extended in many ways. In appendix B, I discussed an 

augmented game where start-ups are given the choice to either accept or deny an 

investor’s offer. Further work could elaborate this idea by incorporating an infinite time 

horizon where the game is repeated forever, and information is updated in each period. 

Future work could also ponder on ways to identify whether a pooling or a separating 
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equilibrium or both happen from an empirical standpoint. Finally, an alternative 

empirical test of the game theoretic models is also plausible. If patents are a signal and 

are not productive, the use of patents should not be expected to have any statistically 

significant effect on a firm’s probability of staying in business past different threshold of 

firm age conditional on size and other relevant covariates. 
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APPENDIX A 
 

A THREE STAGE SIGNALING GAME: PROOFS 
 
 

Figure 1. Extensive Form of The Three Stage Signaling Game (Model 1) 
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Figure 2. Extensive Form of The Three Stage Signaling Game (Model 2) 
 

  
 
 
Preliminaries  
 

In solving both models 1 and 2 only pure strategies are considered. There could 
be 2 types of equilibria: pooling where both types play the same strategy and separating 
where they play different strategies. The games are solved by first deciding on whether a 
pooling or a separating equilibrium occurs, then assigning strategies that are not strictly 
dominated to the start-ups in line with the equilibrium type. The investor’s beliefs are 
derived according to Bayes’ rule at each information set reached with positive probability 
along the equilibrium path. Given that only pure strategy equilibria are considered, all 
information sets along the equilibrium path are reached with positive probability. Off the 
equilibrium path, beliefs are set to be arbitrary at first. Then, the investor’s best response 
is derived. If neither type of start-up has an incentive to deviate, then we’ve found a 
perfect Bayesian equilibrium. Note that the investor’s strategies are Bayesian by 
construction and so there is no need to check for his incentives to deviate. Finally, in case 
of an equilibrium, a further refinement of a perfect Bayesian equilibrium, the “intuitive 
criterion” (Cho and Kreps, 1987) is applied. Recall that beliefs off the equilibrium path 
were arbitrary, however, the intuitive criterion imposes restrictions on such beliefs.  
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Model 1 
 
 As a first step, note that the investor’s best response is derived as follows in (1) 
and (2). Throughout, the proofs of propositions 1 to 3, references to (1) and (2) will be 
made. 
 
Investor’s best response Against  
 
 

 

 
 
 

 if and only if 

 
 

   

 
 
Therefore, the investor’s best response against  is as follows: 
 
 

      (1) 

 
 
Investor’s best response against  
 
 

 

 
 
 
  

P = H : 

EU2 IL |P = H( ) = q sΠ L − IL( )+ (1− q) SΠ L − IL( )
EU2 IH |P = H( ) = q sΠ H − IH( )+ (1− q) sΠ L − IH( ).

EU2 IH |P = H( ) > EU2 IL |P = H( )

IH − IL < sq Π H −Π L( )

P = H

BR2 P = H( ) =
IH  if  IH − IL < sq(Π H −Π L )

 
IL  if  IH − IL ≥ sq(Π H −Π L )

⎧

⎨
⎪⎪

⎩
⎪
⎪

P = L

EU2 IH |P = L( ) = r sΠ H − IH( )+ 1− r( ) sΠ L − IH( )
EU2(IL | P = L) = r sΠ L − IL( )+ 1− r( ) sΠ L − IL( )
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Now, note that if and only if  

 
 

 Þ 

 .  

 
 
The Investor’s best response against  can be written as:  

 
 

        (2) 

 
 
Proof of Proposition 1, part a: Pooling on  in case 1  
 
 A pooling on  implies that by Bayes’ rule:  
 
 

 

 

 

By symmetry, .  

 
 
  

EU2 IH |P = L( ) > EU2 IL |P = L( )

r sΠ H − IH( )+ 1− r( ) sΠ L − IH( ) > sΠ L − IL( )
r >

IH − IL
s Π H −Π L( )

P = L

BR2 P = L( ) = IH  if  IH − IL < rs Π H −Π L( )
IL  if  IH − IL ≥ rs Π H −Π L( )

⎧
⎨
⎪

⎩⎪

P = H

P = H

Pr H |P = H( ) = Pr P = H |H( )Pr H( )
Pr P = H |H( )Pr H( )+ Pr P = H |L( )Pr L( )

Pr H |P = H( ) = 1 0.5( )
1 0.5( )+ 0.5( )

Pr H |P = H( ) = 12 = q. Pr L|P = H( ) = 12
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Substituting in q=1/2 in (1) gives: 
 
 

     

 

    (3) 

 
 
In view of (2) and (3), in case 1, there are only two pooling possibilities on 

, 

and . Next, it is shown that 

 is not an equilibrium but  is an equilibrium that trivially satisfies the 

intuitive criterion given certain conditions hold.  

In , type H’s equilibrium payoff is 

 
 

If he deviates his payoff is 

. Given that , then 

 and so type H deviates, which in turn implies that 

is not an equilibrium.  

 
 

In , type H’s equilibrium payoff is  

 
 

  If he deviates, his payoff is: 

. Therefore type H does not deviate if and only if 

. Type L’s equilibrium payoff is 

BR2 P = H( ) =
IH  if  IH − IL <

s
2

(Π H −Π L )

 

IL  if  IH − IL ≥
s
2

(Π H −Π L )

⎧

⎨

⎪
⎪⎪

⎩

⎪
⎪
⎪

P = H PBE1 :[ P = H | L,P = H |H( ), IH | P = H , IH | P = L( )q = 0.5 , r >
IH − IL

s Π H −Π L( )]

PH ,PH( ), IH | P = H , IL | P = L( )q = 0.5, r ≤
IH − IL

s Π H −Π L( )
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

PBE1 PBE2

PBE1

U1
*  P = H , IH ,H( ) = 1− s( )Π H + IH −CHH .

U1 P = L, IH ,H( ) = 1− s( )Π H + IH −CLH CHH ≥CLH
U1 P = L, IH ,H( ) ≥U1

*  P = H , IH ,H( ),
PBE1

PBE2

U1
*  P = H , IH ,H( ) = 1− s( )ΠH + IH −CHH .

U1 P = L, IL ,H( ) = 1− s( )Π L + IL −CLH
IH − IL ≥CHH −CLH − (1− s)(Π H −Π L )
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 , his payoff is: 

if he deviates.  

 
 
Type L does not deviate if and only if  .Therefore, no type deviates if 

and only if:  and . 

Consequently  is a perfect Bayesian equilibrium.  

To verify whether satisfies the intuitive criterion, we check payoffs and 

beliefs off the equilibrium path. For type H, the information set following is off the 
equilibrium path, and his maximum possible payoff if he played would be:  

, whereas his equilibrium payoff is 

 Therefore  implying 

that  is not equilibrium dominated for type H. For type L, the information set 
following is off the equilibrium path and  is not equilibrium dominated for 
type L either as his equilibrium payoff is less or equal to his maximum payoff off the 
equilibrium path. Given that  is not equilibrium dominated for neither type, the 
intuitive criterion imposes no further restrictions on the beliefs off the equilibrium path. 
Consequently,  trivially satisfies the intuitive criterion.  

 
Proof of Proposition 1, part b: Pooling on , in case 1  
 

In (1) and (2), we’ve already derived a general expression for the investor’s best 

response. A pooling on , implies that by Baye’s rules  and by 

symmetry, . Substituting in r=1/2 is (2) gives (4) and (1) can be 

rewritten as (5).  
 
 

  (4) 

 

U1
*  P = H , IH ,L( ) = 1− s( )Π L + IH −CHL

U1 P = L, IL ,L( ) = 1− s( )Π L + IL −CLL

IH − IL ≥CHL −CLL  
IH − IL ≥CHH −CLH − (1− s)(Π H −Π L ) IH − IL ≥CHL −CLL  

PBE2
PBE2

P = L
P = L

maxU1 P = L,H( ) = 1− s( )Π H + IH −CLH
U1

*  P = H( ) = 1− s( )Π H + IH −CHH . U1
*  H( ) ≤ maxU1(H ,P = L)

P = L
P = L P = L

P = L

PBE2

P = L

P = L Pr H |P = L( ) = 12 = r

Pr L|P = L( ) = 12

BR2 P = L( ) =
IH  if  IH − IL <

s
2

(Π H −Π L )

IL  ifIH − IL ≥
s
2

(Π H −Π L )  .

⎧

⎨
⎪⎪

⎩
⎪
⎪
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(5) 

 
 
There are 2 pooling possibilities on  in case 1,  
 
 

 

: .  

 
 
It is proved next that both  and  are pooling perfect Bayesian 

equilibria that trivially satisfy the intuitive criterion.  

 In , For type H, 

, and so, type H does not deviate. For type L, 

 

Therefore, type L does not deviate either. Since neither type of stat-up has an incentive to 
deviate,  is an equilibrium. Next, we verify if the intuitive criterion is satisfied.  

 For type H, the information set following  is off the equilibrium path and 
 is not equilibrium dominated 6because:  

. For Type L, 

the information set following  is off the equilibrium path and  is not 
equilibrium dominated because: 

Since  is 

equilibrium dominated for no type,  trivially satisfies the intuitive criterion.  

 In , by comparing each type’s equilibrium to his payoff if he deviated, it is 

found that no type has an incentive to deviate. It is also found that trivially satisfies 

that intuitive criterion because  is equilibrium for no type. Therefore both  

 
6 Note that equilibrium dominance requires strict dominance.  

BR2 P = H( ) =
IH  if  q >

IH − IL
s Π H −Π L( )

IL  if   q ≤
IH − IL

s Π H −Π L( ) .

⎧

⎨

⎪
⎪

⎩

⎪
⎪

P = L

PBE3 :[ P = L | L,P = L |H( ), IH | P = H , IH | P = L( )r = 0.5 , q >
IH − IL

s Π H −Π L( )]

PBE4 P = L | L,P = L |H( ), IL | P = H , IH | P = L( )r = 0.5, q ≤
IH − IL

s Π H −Π L( )
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

PBE3 PBE4

PBE3 U1 P = H , IL ,H( ) = 1− s( )Π H + IH −CHH ≤

U1
*  P = L, IH ,H( ) = 1− s( )Π H + IH −CLH

U1 P = H , IH ,L( ) = 1− s( )Π L + IH −CHL ≤U1
*  PL , IH ,L( ) = 1− s( )Π L + IH −CLL.

PBE3
P = H

P = H
U1

*  H( ) = 1− s( )Π H + IH −CLH ≥ maxU1 H ,P = H( ) = 1− s( )Π H + IH −CHH
P = H P = H

U1
*  L( ) = 1− s( )Π L + IH −CLL ≥ maxU1 L,P = H( ) = 1− s( )Π L + IH −CHL. P = H

PBE3
PBE4

PBE4
P = H PBE3
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and  are pooling perfect Bayesian equilibria that trivially satisfy the intuive 

criterion.  
 
Proof of Proposition (1), part c: Separating Equilibrium, in case 1 
 

A first separating possibility where the low type plays  and the high type 
plays  is considered. In such instance, the beliefs according to Bayes’ rule are: 

 and ; by symmetry  

and . Substituting in q and r in (1) and (2) give:  

 
 

  
(6) 

 

 

 
 

(7) 

 
 

Note that if  then . Therefore in case 1, 

 is a separating possibilty. 

However, such possibility is not an equilbrium as type L deviates because: 

.  

 Next, a separating where the high type plays  and the low type plays  
is considered. The beliefs in such instance are: q=1 and r=0. Substituting in these beliefs 
in(1) and (2) gives (6) and (7). Therefore, in case 1, 

 is a separating possibility. 

By comparing his equilibrium payoff is at least as high as his payoff if he deviates, that 

is: , which implies that type H does not deviate if 

and only if . Following the same approach, type 

L does not deviate if and only if , that is 

 Since no type deviates, this is an equilibrium. 

 Next, we check whether the intuitive criterion is satisfied. For type H, the 
information set following  is off the equilibrium path and  is not equilibrium 
dominated because:  

 .  

PBE4

P = H
P = L

Pr L|P = H( ) = 1= 1− q⇒ q = 0 Pr H |P = L( ) = 1= r Pr H |P = H( ) = 0
Pr L|P = L( ) = 0

BR2 P = H( ) = IL

BR2 P = L( ) = IH  if  IH − IL < s(Π H −Π L )

IL  ifIH − IL ≥ s(Π H −Π L )  .

⎧
⎨
⎪

⎩⎪

IH − IL <
s
2 (Π H −Π L ) IH − IL < s(Π H −Π L )

P = H | L,P = L |H( ), IL | P = H , IH | P = L( )r = 1, q = 0⎡⎣ ⎤⎦

U1
* L,P = H , IL( ) = 1− s( )Π L + IL −CHL < U1 L,P = L, IH( ) = 1− s( )Π L + IH −CLL

P = H P = L

P = L | L,P = H |H( ), IH | P = H , IL | P = L( ),r = 0, q = 1⎡⎣ ⎤⎦

U1
* H ,P = H , IH( ) ≥U1 H ,P = L, IL( )

IH − IL ≥ (CHH −CLH )− 1− s( ) Π H −Π L( )
U1
* L,P = L, IL( ) ≥U1 L,P = H , IH( )

IH − IL ≤CHL −CLH .

P = L P = L

U1
*  H( ) = 1− s( )Π H + IH −CHH ≤ maxU1 H ,P = L, IH( ) = 1− s( )Π H + IH −CLH
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For the information set following  is off the equilibrium path and  is 
equilibrium dominated if:

, that is if 

. The intuitive criterion then imposes that  

implying that , which is satisfied here. This concludes the proof of proposition 1.  
 
Proof of Proposition 2, part a: Pooling on , in case 2.  
 

The beliefs according to Bayes’ rule are q=0.5 and by symmetry, 1-q=0.5. Note 
that if  then . Therefore, in case 2, there are 2 

pooling possibilities on , : 

 and  

. However, 

these are not equilibria because in  for instance, 

 and 

so type H deviates. In , type H deviates if , which is always 

true as  and so  is not an equilibrium either.  

 
Proof of Proposition 2, Part b: Pooling on  in case 2  

 The beliefs according to Bayes’ rule are  and 

 by symmetry. Substitute in r=0.5 in (2) to get (4) and recall that (1) can 

be rewritten as (5). Considering (4) and (5), the two pooling possibilities on in case 

2 are:  and 

: . Next, we 

show that  is an equilibrium that satisfies the intuitive criterion but  is not.  

 In , Type H deviates if and only if  , 

that is type H deviates if and only . Type L 

deviates, if and only if , that is if and if 

P = H P = H

U1
*  L( ) = 1− s( )Π L + IL −CLL > maxU1 L,P = H , IH( ) = 1− s( )Π L + IH −CHL
IH − IL <CHL −CLL µ L|P = H( ) = 1− q = 0

q = 1

P = H

IH − IL ≥ s(Π H −Π L ) IH − IL ≥
s
2 (Π H −Π L )

PBE5

P = H | L,P = H |H( ), IL | P = H , IL | P = L( )q = 0.5, r ≤
IH − IL

s Π H −Π L( )
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

PBE6 :[ PH | L,PH |H( ), IL | P = H , IH | P = L( )q = 0.5 , r >
IH − IL

s Π H −Π L( )]
PBE5

U1
* P = H , H , IL( ) = 1− s( )Π L + IL −CHH ≤ U1 P = L,H , IL( ) = 1− s( )Π L + IL −CLH ,

PBE6 IL − IH <CHH −CLH
CHH ≥CLH ⇒CHH −CLH ≥ 0 PBE6

P = L

Pr H |P = L( ) = 12 = r

Pr L|P = L( ) = 12
P = L

PBE7 :[ P = L | L,P = L |H( ), IH | P = H , IL | P = L( )r = 0.5 , q >
IH − IL

s Π H −Π L( )]

PBE8 P = L | L,P = L |H( ), IL | P = H , IL | P = L( )r = 0.5, q ≤
IH − IL

s Π H −Π L( )
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

PBE8 PBE7
PBE7 U1

* P = L, H , IL( ) <U1 P = H , H , IH( )
IH − IL > CHH −CLH( )− 1− s( ) Π H −Π L( )

U1
* P = L, L, IL( ) = 1− s( )Π L + IL −CLL
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. In , neither type deviates because for type H 

 and 

 for 

type L. Therefore,  is a perfect Bayesian equilibrium. Next, we check if the 

intuitive criterion is satisfied.  
 For type H, the information set following  is off the equilibrium path and 

 is not equilibrium dominated if 

. For type L, the information set following 

 is off the equilibrium path and  is equilibrium dominated if and only if: 

. The intuitive criterion then imposes that: 

Þq=1. Next, note that q=1 imposes that  which 

is satisfied in case 2. Therefore  satisfies the intuitive criterion if and only if 

 and .  

 
 
Proof of Proposition 2, part c: No separating equilibrium in case 2 
 

In case type H plays  and type L plays , the associated beliefs 
according to Bayes’ rule are q=0 and r=1. In case type L plays  and type H plays 

.  Considering (6) and (7), there are two separating possibilties in case 2: 

 and 

. Next, we show that 

neither type is an equilibrium.  
First consider , it is not an equilibrium because type H deviates as 

 In 

, type L deviates because 

Therefore,  is not an equilibrium either. 

This concludes the proof of proposition 2.  
 

  

IH − IL <CHL −CLL PBE8
U1

* P = L, H , IL( ) = 1− s( )Π L + IL −CLH ≥ U1 P = H , H , IL( ) = 1− s( )Π L + IL −CHH ,

U1
* P = L, L, IL( ) = 1− s( )Π L + IL −CLL ≥ U1 P = H , L, IL( ) = 1− s( )Π L + IL −CHL

PBE8

P = H
P = H 1− s( )Π L + IL −CLL < 1− s( )Π H + IH −CHH ⇒

CHH −CLL( )− (1− s) Π H −Π L( ) < IH − IL
P = H P = H
CHL −CLL > IH − IL µ L|P = H( ) = 1− q = 0

IH − IL
s Π H −Π L( ) ≥1 ⇒ IH − IL ≥ s Π H −Π L( )

PBE8
CHL −CLL > IH − IL CHH −CLL( )− (1− s) Π H −Π L( ) < IH − IL

P = L P = H
P = L

P = H
PBE9 : P = L | L,P = H |H( ), IL | P = H , IL | P = L( ),r = 0, q = 1⎡⎣ ⎤⎦
PBE10 : P = H | L,P = L |H( ), IL | P = H , IL | P = L( ),r = 1, q = 0⎡⎣ ⎤⎦

PBE9
U1

* P = H , H , IL( ) = 1− s( )Π L + IL −CHH ≤ U1 P = L, H , IL( ) = 1− s( )Π L + IL −CLH .

PBE10 U1
* P = H , L, IL( ) = 1− s( )Π L + IL −CHL ≤

U1 PL = L, L, IL( ) = 1− s( )Π L + IL −CLL. PBE10
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Proof of Proposition 3, part a: No pooling on in case 3.  
 

In the proof of part a of proposition 2, we have already showed that when 

 , there exists no pooling on . Therefore, in case 3, there 

does not exist a pooling pooling equilibrium on  either. 
 

Proof of Proposition 3, part b:  pooling on in case 3  
 

In the proof of proposition 2 part b, we showed that if

, then 

 is a pooling 

equilibrium on that satisfies that intuitive criterion but only for case 2, that is when

.Therefore, in case 3, there exists no perfect Bayesian pooling 

equilibrium on that satisfies the intuitive criterion. It is important to note that, if , 

then, 

is a perfect Bayesian 

pooling equilibrium on  in case 3 that does not satisfy the intuitive criterion. 
 

Proof of Proposition 3, part c: Separating equilibrium in case 3  
 

In the proof of proposition 1-part c, we showed that in case 1:
, if  , then 

 is a separating perfect Bayesian 

equilibrium that satisfies the intuitive criterion. This results also holds for case 3 since if 

, then .  This concludes the proof of 

proposition 3.  
 

Model 2 
 
Pooling Equilibria on   

The beliefs are  by applying Bayes’ rule. The 

investor’s best response against  and against  are derived respectively as 
follows: 

 
 

P = H

 IH − IL ≥
s
2 Π H −Π L( ) P = H

P = H

P = L

(CHH −CLH )− 1− s( ) Π H −Π L( ) < IH − IL <CHL −CLL  )

[ P = L | L,P = L |H( ), IL | P = H , IL | P = L( )r = 0.5, q ≤ IH − IL
s(ΠH −ΠL ) ]

P = L
 IH − IL ≥ s Π H −Π L( )

P = L
(CHH −CLH )− 1− s( ) Π H −Π L( ) < IH − IL <CHL −CLL  )

[ P = L | L,P = L |H( ), IL | P = H , IL | P = L( )r = 0.5, q ≤ IH − IL
s(ΠH −ΠL ) ]

P = L

 IH − IL <
s
2 Π H −Π L( ) (CHH −CLH )− 1− s( ) ΠH −ΠL( ) ≤ IH − IL <CHL −CLL

[(P = L | L,P = H |H )(IH | P = H , IL | P = L),r = 0,q = 1]

 IH − IL <
s
2

ΠH −ΠL( )  IH − IL < s ΠH −ΠL( )

P = H

Pr(H | P = H ) = Pr(L | P = H ) = 1
2

P = H P = L
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            (8) 

 

 
 

therefore,  because .  

From (8), we identify case 1: . There exists one pooling possibility 

in case 1: . For this to be a 

P.B.E no start-up type should have any incentives to deviate. Note that we do not need to 
check the investor’s incentives to deviate because the investors strategies are Bayesian by 
construction.  
Comparing each type’s payoff in the above pooling possibility to the case where 

deviation occurs, we find that type L deviates if  and Type H deviates 

if . Therefore, in case 1, there exists a pooling 

perfect Bayesian equilibrium on  if and only if 

and . Next, the intuitive 

criterion is applied. For type L, the information set following  is off the equilibrium 
path and  is not equilibrium dominated. However, for type H,  is equilibrium 

dominated if and only if . The intutive criterion 

imposes r=0. Consequently, 

is a P.B.E that satisfies the intuitive criterion given the above conditions hold. Next, note 
that if then, .Following the same steps as 

above, we find there exists no pooling P.B.E on in case 2.  
 
Pooling equilibria on   

Considering a pooling on , the beliefs by Bayes’ rule are: 

.By comparing the the investor’s expected payoff 

EU2(IL | P = H ) = (sΠL − IL )
EU2(IH | P = H ) = q(sΠH − IH )+ q(sΠL − IH )
EU2(IL | P = H ) = sΠL − IL > EU2(IH | P = H )if
IH − IL < qs(ΠH −ΠL )⇒

BR2 P = H( ) =
IH  if  IH − IL < qs(Π H −Π L )

 
IL  if  IH − IL ≥ qs(Π H −Π L )

⎧

⎨
⎪⎪

⎩
⎪
⎪

EU2(IH | P = L) = r(sΠL − IH )+ (1− r)(sΠL − IH ) = sΠL − IH
EU2(IL | P = L) = r(sΠL − IL )+ (1− r)(sΠL − IL ) = sΠL − IL ,

BR2(P = L) = IL IH > IL
IH − IL <

S
2 (ΠH −ΠL )

[(P = H | L,P = H | L);(IH | P = H , IL | P = L);q = 0.5,∀r)

IH − IL <CHL −CLL
IH − IL < (CHH −CLH )− 1− s( )Π H −Π L

P = H
IH − IL ≥ (CHH −CLH )− 1− s( )Π H −Π L IH − IL ≥CHL −CLL

P = L
P = L P = L

IH − IL ≥ (CHH −CLH )− 1− s( )Π H −Π L

[(P = H | L,P = H | L);(IH | P = H , IL | P = L);q = 0.5,r = 0)

IH − IL ≥ s(ΠH −ΠL ) IH − IL ≥
S
2 (ΠH −ΠL )

P = H

P = L
P = L

Pr(H | P = L) = Pr(L | P = L) = 1
2
= r
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when he offers versus when the offer is given when th , . When the 

same comparison when startups pool on is made, we get back (8): 
 
  

 

 
 
There are 2 pooling on  possibilities: 
 
 

 and 

.  

 
 

Comparing each type’s payoff in to the case where deviation occurs, we 

find that type L deviates if and only if   and Type H deviates if and 

only if . If one or both of these conditions hold, 

 is not an equilibrium.  

As it pertains to , it is found that no type has an incentive to deviate by 

comparing payoffs each type gets in compared to when it deviates. Therefore 

is indeed a perfect Bayesian equilibrium. Next, the intuitive criterion is applied. for 

type L is not equilibrium dominated if and only if , and

is not  equilibrium dominated for type H either if and only if 

. Therefore, is not equilibrium 

dominated for no types if and only if  and 

,which in turn implies that the intuitive criterion 

puts no further restrictions on beliefs off the equilibrium path. Consequently,  is 

pooling P.B.E that trivially satisfies the intuitive criterion. If 

, then would be equilibrium dominated 

for type H. The intuitive criterion would impose that:  which 

reduces to showing that  which is satisfied here given our assumption that: 

. Consequently for to satisfy the intuitive criterion, it is sufficient to show 

IL IH BR2(P = L) = IL
P = H

BR2 P = H( ) = IH  ifIH − IL < qs Π H −Π L( )
IL  if   IH − IL ≥ qs Π H −Π L( ).

⎧
⎨
⎪

⎩⎪

P = L

PBE1 :[(P = L | L,P = L | L);(IL | P = H , IH | P = L);r = 0.5,q > IH − IL
s(ΠH −ΠL )

)]

PBE2 :[(P = L | L,P = L | L);(IL | P = H , IL | P = L);r = 0.5,q ≤ IH − IL
s(ΠH −ΠL )

)]

PBE1
IH − IL >CHL −CLL

IH − IL > (CHH −CLH )− 1− s( )(Π H −Π L )

PBE1
PBE2

PBE2
PBE2

P = H IH − IL ≤CHL −CLL P = H

IH − IL ≤ (CHH −CLH )− 1− s( )(Π H −Π L ) P = H

IH − IL ≤CHL −CLL
IH − IL ≤ (CHH −CLH )− 1− s( )(Π H −Π L )

PBE2

IH − IL > (CHH −CLH )− 1− s( )(Π H −Π L ) P = H
µ(H | P = H ) = q = 0

IH − IL > 0
IH > IL PBE2
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that . Finally if  then the intuitive criterion would 

only be satisfied in case 2.  
In summary, in case 1, 

is a pooling P.B.E 

on . If  , that pooling on  does not satisfy the intuitive 

criterion. However, if , then it satisfies the intuitive criterion. In cases 

2,  is a pooling 

P.B.E on  that satisfies the intuitive criterion.  
 
Separating Equilibria  

As a first step, the case where and  is considered. The beliefs 
according to Bayes’ rule are . The investor’s best responses are constructed by 
comparing his expected payoffs given his available strategies in response to and 

. Such best response are as follows: 
 
  

 

 

  
 

 Note that , therefore in case 1, 

is a separating equilibrium 

possibility. Next, it is shown that this separating possibility is indeed an equilibrium that 
trivially satisfies the intuitive criterion.  
 By checking for incentives to deviate, it is found that t type L does not deviate if 

 and type H does not deviate if 

.  

Given that for type H, the information set following is off the equilibrium path and  

 while . 

Therefore, is equilibrium dominated if  . 

For type L, the information set following  is off the equilibrium path and 

, while . Therefore, 

is equilibrium dominated if . Consequently, for case 1 if and 

IH − IL ≤CHL −CLL IH − IL >CHL −CLL

PBE2 :[(P = L | L,P = L | L);(IL | P = H , IL | P = L);r = 0.5,q ≤ IH − IL
s(ΠH −ΠL )

)]

P = L IH − IL >CHL −CLL P = L

IH − IL ≤CHL −CLL
PBE2 :[(P = L | L,P = L | L);(IL | P = H , IL | P = L);r = 0.5,q ≤ IH − IL

s(ΠH −ΠL )
)]

P = L

P = L | L P = H |H
q = 1,r = 0

P = L | L
P = H |H

BR2(P = L) = IL

BR2 P = H( ) = IH  if  IH − IL < s(Π H −Π L )

IL  ifIH − IL ≥ s(Π H −Π L )  .

⎧
⎨
⎪

⎩⎪

IH − IL <
s
2 Π H −Π L( )⇒ IH − IL < s Π H −Π L( )

[(P = L | L,P = H |H );(IL | P = L, IH | P = H );q = 1,r = 0]

IH − IL ≤CHL −CLL
IH − IL ≥ (CHH −CLH )− 1− s( )(Π H −Π L )

P = L
U1 *(H ) = (1− s)ΠH + IH −CHH maxU1(H ,P = L) = (1− s)ΠL + IH −CLH

P = L IH − IL > (CHH −CLH )− 1− s( )(Π H −Π L )
P = H

U1 *(L) = (1− s)ΠL + IL −CLL maxU1(L,P = H ) = (1− s)ΠL + IH −CHL
P = H IH − IL <CHL −CLL
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only if  and , then

is a separating P.B.E that 

trivially satisfies the intuitive criterion.  
 In case 2, there is one separating equilibrium possibility

. However, this is not an 

equilibrium because type H’s payoff if he plays the outlined strategies is lower than his 
payoff if he deviates, therefore, type H deviates. Therefore, in case 2 there isn’t a 
separating equilibrium.  

Next, a separating possibility where type H plays  and type L plays is 
considered. Following the same steps as above that is: constructing the beliefs, investor’s 
best responses then checking for incentives to deviate, it is found hat there is not a 
separating equilibrium where the low ability type plays and the high ability type 
plays in any case.  

 Note that we have already showed that if , there exits no 

pooling equilibrium on . Also, it has already been proved that if 
 there exists a pooling on  that trivially statisfies the intuitive 

criterion. Therefore, in case 3, 
 is a pooling P.B.E that 

satisfies the intuitive criterion. Finally, as we already demonstrated in case 1, there exists 
a separating P.B.E that trivially satisfies the intuitive criterion if and only if 

 and . This is also valid for 

case 3, and  such equilibrium is written as 

. 

 
  

IH − IL <CHL −CLL IH − IL > (CHH −CLH )− 1− s( )(Π H −Π L )

[(P = L | L,P = H |H );(IL | P = L, IH | P = H );q = 1,r = 0]

[(P = L | L,P = H |H );(IL | P = L, IL | P = H );q = 1,r = 0]

P = L

P = H
P = L

IH − IL ≥ s Π H −Π L( )
P = H

IH − IL < s Π H −Π L( ) P = L

[(P = L | L,P = L | L);(IL | P = H , IL | P = L);r = 0.5,q ≤ IH − IL
s(ΠH −ΠL )

)]

IH − IL <CHL −CLL IH − IL > (CHH −CLH )− 1− s( )(Π H −Π L )

[(P = L | L,P = H |H );(IL | P = L, IH | P = H );q = 1,r = 0]
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APPENDIX B 

AN AUGMENTED SIGNALING GAME 
 

This section introduces a plausible extension of the three-stage signaling game 
previously solved in Chapter IV by adding a dynamic component to it. Since in the 
separating case, types can be singled out, this section focuses on the pooling on 
cases in model 17 where types are ambiguous. The game is augmented and made richer 
by adding a second period to it. In the first period, everything that happened in the three-
stage game also happens here, however, the start-up is given the choice to either accept or 
deny the investor’s offer. If the start-up declines the offer, the game goes a second period. 
In period 2, if the investor is still in the market, he will make a single exogenous offer  
higher than his first period offer. However, in Period 2, there is a probability (1-p) that 
the investor vanishes. 

 
B.1 Payoffs  
 
Case 1  

If the start-up accepts the offer, the game ends and each player receives the payoff 
from the three-stage game we’ve already solved. If the start-up declines the offer, the 

game moves to a second period where the investor makes another offer  and 

receives a share  from the profits. Since the start-up decides whether or not to accept 

the offer in period 1, period 2’s payoffs need to be discounted by a factor  where 

 . If a type L start-up accepts an offer, it gets  However,  

if it declines, its payoff today is discounted by . Therefore, accounting for the risk 

factor p, the present value of his payoff is:  

If a type H start-up accepts a first period offer, it gets  If the latter 

start-up declines, it gets  

If the start-up accepts, the investor’s expected payoff is the same as in the three-
stage signaling game, that is:  

 

 
7 The goal of this appendix is to simply introduce another plausible extension of the games hence why we 

restricted our attention to pooling on  cases and to model 1. If the extensions were to be applied to 

pooling on cases or to model 2, the games would be solved in the same manner as discussed in 
this section. The reader could apply this extension to model 2 as an exercise.  

P = L

′I

′I > IH
′s

δ i
i∈ H ,L{ } 1− s( )Π L + IH −CLL.

δ L
δ L p⎡⎣ ⎡⎣ 1− ′s( ) Π L + ′I −CLL( ) − 1− p( )CLL⎤⎦ ⎤⎦.

1− s( )Π H + IH −CLH .

δ H p⎡⎣ ⎡⎣ 1− ′s( ) Π H + ′I −CLH( ) − 1− p( )CLH⎤⎦ ⎤⎦.

s Π H − IH( )if  type H

s Π L − IH( )if  type L

⎧
⎨
⎪

⎩⎪

P = L
P = H
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If the start-up declines, the investor’s expected payoff is discounted by  and can be 

written as:  

 

 
Figure 3 represents the extensive form of the augmented game (case 1)  
Case 2  

The game is similar except that the investor offers  instead of  and both 

types generate low profits since they both get offered the lowest investment level. Payoffs 
are therefore constructed following the same logic as in case 1:  
 
Type L start-up, if it accepts:  

Type L start-up, if declines:  

Type H start-up: if accepts  

Type H start-up, if declines:  

Investor: if the start-up accepts Period 1 offer, his payoff is  

Investor: If the start-up declines, the investor’s discounted payoff is:  
The extensive form of the game is given in figure 4.  
 
B.2 Equilibria  

Since in the pooling case, types are ambiguous, we want to find conditions such 
that the low type accepts the offer in period 1 and the high ability type declines the offer 
in the 1st period and decides to wait another period.  
Proposition B.1: In case 1, if:   
 

 and  

then, in equilibrium, the low type accepts the offer  in period 1 and gets type L’s three 

stage signaling payoff while the high ability firm declines the offer in period and decides 
to wait another period.  
 
Proposition B.2: In case 2, if: 

 and  

δ INV

δ INV ′s Π H − ′I( )if  type H

δ INV ′s Π L − ′I( )if  type L

⎧
⎨
⎪

⎩⎪

IL IH

1− s( )Π L + IL −CLL
δ L p⎡⎣ ⎡⎣ 1− ′s( ) Π L + ′I −CLL( ) − 1− p( )CLL⎤⎦ ⎤⎦.

1− s( )Π L + IL −CLH
δ H p⎡⎣ ⎡⎣ 1− ′s( ) Π H + ′I −CLH( ) − 1− p( )CLH⎤⎦ ⎤⎦.

s Π L − IL( )
δ INV s ' Π L − ′I( )

δ L ≤
(1− s)ΠL + IH −CLL

p((1− s ')(ΠL + I ')+ s 'CLL )−CLL
δ H >

1− s( )Π H + IH −CLH
p((1− s ')(ΠH + I ')+ s 'CLH )−CLH
IH

δ L ≤
1− s( )Π L + IL −CLL

p((1− s ')(ΠL + I ')+ s 'CLL )−CLL
δ H >

(1− s)ΠL + IL −CLH
p((1− s ')(ΠL + I ')+ s 'CLH )−CLH
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then, in equilibrium, the low type accepts the offer  in period 1 and gets his three-stage 

signaling payoff while type H waits another period. 
 
 
Figure 3. Extensive Form of The Augmented Signaling Game (Case 1) 
 

 
 
 
Figure 4. Extensive Form of The Augmented Signaling Game (Case 2) 
 

 
 
 

 
 

IL
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B.3 Proofs:  
We begin with the proof of proposition B.1. We are interested in finding conditions such 
that the high ability type declines period 1’s offer and the low type accepts the investment 
offer in the first period. The low type will accept period 1’s if and only if his payoff from 
taking the offer is higher than the present value of its payoff should it decide to wait 
another period. Mathematically, from figure 3, the less advanced firm accepts the offer if 
and only if 
 
  

 

 

 

 
 
The high type declines the offer in period 1 and waits another period, if the present value 
of the second period payoff is higher than the firm’s period 1 offer. That is, type H waits 
another period iff: 
 
 

 

 
 

 

 
 
which concludes the proof of proposition B.1  
Next. Proposition B.2 is proved. The low type will accept period 1’s offer if and only if 
his payoff he takes the offer is higher than the present value of its if it waits another 
period. Type H declines the offer if the opposite is true. Comparing period 1 and period 
2’s present value, type L accepts period 1 offer if:  
 
 

 

 

 

 
 

1− s( )Π L + IH −CLL ≥ δ L( p(1− s ')(Π L + ′I −CLL )− (1− p)CLL )⇒

δ L ≤
(1− s)ΠL + IH −CLL

p((1− s ')(ΠL + I ')+ s 'CLL )−CLL

1− s( )Π H + IH −CLH < δ H ( p(1− s ')(ΠH + I '−CLH )− (1− p)CLH )⇒

δ H >
1− s( )Π H + IH −CLH

p((1− s ')(ΠH + I ')+ s 'CLH )−CLH

1− s( )ΠL + IL −CLL ≥ δ L( p(1− s ')(ΠL + I '−CLL ))− (1− p)CLL )⇒

δ L ≤
1− s( )Π L + IL −CLL

p((1− s ')(ΠL + I ')+ s 'CLL )−CLL
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Type H waits another period if: 
 
 

 

 

 

 
 
hence the proof of proposition B.2 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

δ H ( p(1− s ')(ΠL + I '−CLH ))− (1− p)CLH ) > (1− s)ΠL + IL −CLH ⇒

δ H >
(1− s)ΠL + IL −CLH

p((1− s ')(ΠL + I ')+ s 'CLH )−CLH
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APPENDIX C  

DESCRIPTIVE STATISTICS ON THE UNWEIGHTED DATA 
 

 
Note that all tables presented in this section use unweighted data. 
 
 
Table C.1. Count of Firms by Use of Patents as An Intellectual Property Protection 
Mechanism, by Country and Sector  
 
 High-Tech 

Sector 
Low-Tech 

Sector 
 

KIBS Sector 
 

All Sectors 
Croatia (n=138)  18.18 13.58 17.14 15.22 
Czech Republic (n=138) 20.00 14.52 8.93 13.04 
Denmark (n=196) 36.36 20.00 9.70 14.80 
France (n=309) 24.44 10.75 16.37 15.86 
Germany (n=334) 37.21 14.43 20.62 20.96 
Greece (n=231) 38.46 17.07 9.47 15.15 
Italy (n=430) 25.53 15.22 9.80 14.42 
Portugal (n=223) 12.50 23.01 16.28 19.28 
Sweden (n=207) 29.17 9.23 14.41 14.49 
U.K. (n=342) 48.57 11.30 18.23 19.01 
 
All Countries (n= 2548) 

 
29.49 

 
15.01 

 
14.75 

 
16.56 
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Table C.2. Distribution of Firms’ Use of Patents by Market Structure  
 
 High-Tech 

Sector 
Low-Tech 

Sector 
 

KIBS Sector 
 

All Sectors 
Croatia 50.00 36.36 16.67 33.33 
Czech Republic  50.00 55.56 80.00 61.11 
Denmark  50.00 25.00 30.77 34.48 
France  18.18 10.00 35.71 26.53 
Germany  31.25 42.86 30.00 32.86 
Greece  0.00 42.86 77.78 45.71 
Italy  16.67 60.00 20.00 41.94 
Portugal  33.33 80.77 64.29 72.09 
Sweden 14.29 50.00 35.29 33.33 
U.K. 
 

23.53 69.23 40.00 41.54 

All Countries 26.44 52.94 38.46 41.23 
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Table C.3. Mean Firm Age in Years, by Country and Sector  
 
 High-Tech 

Sector 
Low-Tech 

Sector 
 

KIBS Sector 
 

All Sectors 

Croatia (n=200) 7.57 8.17 8.38 8.12 
Czech Republic (n=200) 7.76 7.57 7.3 7.48 
Denmark (n=330) 6.35 6.42 6.75 6.64 
France (n=570) 7.31 6.87 6.9 6.94 
Germany (n=557) 6.75 7.01 6.24 6.52 
Greece (n=331) 6.5 7.77 7.16 7.45 
Italy (n=580) 7.21 7.07 7.51 7.24 
Portugal (n=331) 7.06 7.76 7.02 6.89 
Sweden (n=334) 6.91 8.26 6.47 7.1 
U.K. (n=571) 7.66 7.66 7.37 7.49 
 
All Countries 

 
7.12 

 
7.32 

 
6.95 

 
7.11 
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Table C.4. Distribution of Firms by Age in Years, by Country and Sector (in %) 
 
Countries/Sectors 

4 
Y

ea
rs

 

5 
Y

ea
rs

  

6 
Y

ea
rs

 

7 
Y

ea
rs

 

8 
Y

ea
rs

 

9 
Y

ea
rs

 

10
 Y

ea
rs

 

11
 Y

ea
rs

 

Croatia  4.5 4.5 11 14.5 20 11.5 34 0 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
17.14 
1.74 
2 

 
5.71 
5.22 
2 

 
5.71 
13.91 
8 

 
8.57 
13.91 
20 

 
25.71 
16.52 
24 

 
11.43 
16.52 
0 

 
25.71 
32.17 
44 

 
0 
0 
0 

Czech Republic 4.5 15 13.5 15.5 19 11.5 21 0 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
0 
2.17 
8.43 

 
20 
9.78 
19.28 

 
8 
17.39 
10.84 

 
12 
19.57 
12.05 

 
20 
19.57 
18.07 

 
16 
14.13 
7.23 

 
24 
17.39 
24.10 

 
0 
0 
0 

Denmark 20 16.97 14.85 15.45 12.73 0 20 0 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
20.59 
24.64 
18.5 

 
20.59 
20.29 
15.42 

 
17.65 
17.39 
13.66 

 
14.71 
7.25 
18.06 

 
11.76 
8.70 
14.1 

 
0 
0 
0 

 
14.71 
21.74 
20.26 

 
0 
0 
0 

France 14.39 15.79 16.84 15.96 12.81 0 24.21 0 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
5.88 
14.80 
16.01 

 
22.06 
17.86 
13.07 

 
17.65 
17.86 
16.01 

 
5.88 
15.31 
18.63 

 
17.65 
8.67 
14.38 

 
0 
0 
0 

 
30.88 
25.51 
21.90 

 
0 
0 
0 

Germany 8.08 45.06 7.54 9.34 7.90 0.18 21.9 0 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
4.48 
6.25 
9.7 

 
44.78 
35.62 
49.7 

 
8.96 
8.75 
6.67 

 
5.97 
8.75 
10.3 

 
10.45 
10.62 
6.06 

 
0 
0.62 
0 

 
25.37 
19.38 
17.58 

 
0 
0 
0 

Greece 6.34 21.15 8.46 12.69 12.69 13.6 25.08 0 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
9.09 
3.8 
9.6 

 
27.27 
17.93 
24.8 

 
13.64 
8.7 
7.2 

 
22.73 
10.87 
13.6 

 
13.64 
14.13 
10.4 

 
9.09 
15.22 
12 

 
4.55 
29.35 
22.4 

 
0 
0 
0 

Italy 13.62 12.59 13.62 14.31 13.62 6.9 25.34 0 
 
High-Tech Sector 
Low-Tech Sector 

 
12.28 
13.92 

 
8.77 
14.87 

 
14.04 
15.19 

 
17.54 
13.92 

 
21.05 
11.08 

 
10.53 
10.76 

 
15.79 
20.25 

 
0 
0 
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KIBS Sector  
 

13.53 10.14 11.11 14.01 15.46 0 35.75 0 

Portugal 22.96 19.34 7.85 8.46 9.37 1.21 30.82 0 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
16.13 
26.47 
20 

 
12.9 
19.41 
20.77 

 
19.35 
6.47 
6.92 

 
9.68 
8.24 
8.46 

 
9.68 
8.24 
10.77 

 
6.45 
1.18 
0 

 
25.81 
30 
33.08 

 
0 
0 
0 

Sweden 18.86 13.17 12.57 11.98 11.98 1.20 30.24 0 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
17.65 
12.96 
22.4 

 
8.82 
4.63 
18.75 
 

 
8.82 
9.26 
15.10 

 
23.53 
8.33 
11.98 

 
23.53 
4.63 
14.06 

 
5.88 
1.85 
0 

 
11.76 
58.33 
17.71 

 
0 
0 
0 

U.K. 5.08 25.39 8.23 11.03 12.96 1.93 35.2 0.18 
 
High-Tech Sector 
Low-Tech Sector 
KIBS Sector  
 

 
8.51 
5.73 
4.22 

 
12.77 
19.27 
30.72 

 
10.64 
7.81 
8.13 

 
19.15 
11.46 
9.64 

 
8.51 
16.67 
11.45 

 
2.13 
5.21 
0 

 
38.3 
33.33 
35.84 

 
0 
0.52 
0 
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Table C. 5. Correlations between the Use of Patents as an IPPM and Firm Size Measured 
by Number of Full-Time Employees, by Country  
 
 High-Tech 

Sector 
Low-Tech 

Sector 
KIBS Sector All Sectors 

 
 

Croatia (n=137)  -0.0297 -0.0043 -0.0404 -0.0165 
Czech Republic 
(n=134) 

0.4894* -0.1913 -0.0206 0.1934* 

Denmark (n=195) 0.3437 0.1525 
 

0.0029 0.1690* 

France (n=303) 0.3205* 0.0810 0.1913* 0.1890* 
Germany (n=328) 0.2785 -0.1196 -0.0456 -0.0284 
Greece (n=222) 0.1572 0.1175 -0.0282 -0.0005 
Italy (n=424) -0.1432 0.0922 0.0922 0.0582 
Portugal (n=218) -0.1212 0.0278 -0.0581 -0.0329 
Sweden (n=183) -0.1125 0.0063   0.1906* 0.0565 
U.K. (n=337) 0.2774 0.2049* 0.1102 0.1696* 
 
All Countries  

 
0.1664* 

 
0.0478 

 
0.0036 

 
0.0345 

Note: 
Size is measured as the number of full-time employees where 2 part-time employees are treated as one full-
time employee 
 
Key 
* significant at the 5% level or better 
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Table C.6. Mean Source of Initial Resources by Country 
 
 Sources of Initial Resources 
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s 

E
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n 
U
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on

 f
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O
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Croatia  78.87 7.22 2.15 0.98 8.75 1.11 0 1.43 
Czech Republic  77.39 3.73 1.70 0.26 12.03 0.41 0.57 3.67 
Denmark  76.36 0.80 0.96 1.65 16.99 0.80 0.28 2.21 
France  72.57 2.76 0.53 1.67 18.02 2.63 0.21 2.43 
Germany  69.19 4.48 1.47 3.20 14.49 3.64 0.53 3.08 
Greece  74.39 5.67 0.49 0.55 10.08 2.88 5.77 0.25 
Italy  61.74 6.80 1.59 2.74 20.39 3.44 1.50 1.78 
Portugal  72.31 6.43 0.52 0.84 15.15 2.29 0.92 1.53 
Sweden  77.96 1.32 0.35 2.87 16.29 1.44 0.42 3.19 
U.K.  78.62 2.36 1.19 3.25 7.84 2.97 0.21 6.51 
 
All Countries  

 
72.85 

 
4.10 

 
1.07 

 
2.08 

 
14.60 

 
2.49 

 
1.00 

 
2.77 
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Table C.7. Mean Percent Sales in Local/Regional, National and Domestic Markets by 
Country  
 
  Local Market National Market International Market 
Croatia (n=200) 41.51 40.07 18.43 
Czech Republic (n=200) 35.09 43.06 21.86 
Denmark (n=330) 35.27 46.82 17.92 
France (n=570) 55.43 36.23 8.35 
Germany (n=557) 42.23 42.28 15.49 
Greece (n=331) 40.31 46.69 13.00 
Italy (n=580) 47.41 39.62 12.96 
Portugal (n=331) 33.46 52.21 14.33 
Sweden (n=334) 43.16 43.19 13.66 
U.K. (n=571) 
 

45.80 
 

37.78 
 

16.42 
 

All Countries (n=4004) 43.60 41.96 14.45 
The relevant survey question is Q16. During the last three years (2007-2009) what was the % of your firm’s 
sales in:  
Key:  
1= local/regional market 
2= national market  
3= international market 
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Table C.8. Mean of Percentage of Sales Spent on R&D, by Country and Sector  
 
 High-Tech 

Sector 
Low-Tech 

Sector 
 

KIBS Sector 
 

All Sectors 

Croatia (n=200) 23.14 14.43 16.98 16.59 
Czech Republic (n=200) 14.60 8.34 9.14 9.45 
Denmark (n=330) 14.29 8.46 12.22 11.65 
France (n=570) 12.64 6.99 13.63 11.23 
Germany (n=557) 17.29 10.43 14.11 13.43 
Greece (n=331) 8.77 7.22 12.00 9.13 
Italy (n=580) 17.19 15.75 19.14 17.10 
Portugal (n=331) 11.23 9.37 15.50 11.95 
Sweden (n=334) 17.18 5.19 11.29 9.92 
U.K. (n=571) 
 

17.16 7.65 13.49 11.83 

All Countries 15.69 9.97 13.79 12.46 
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Table C.9. Distribution of Firms by the Introduction of a New Product in the Market 
During the Three Years Prior to the Interview’s Date, by Country and Sector  
 
 High-Tech 

Sector 
Low-Tech 

Sector 
 

KIBS Sector 
 

All Sectors 

Croatia (n=200) 62.86 70.43 70.00 69.00 
Czech Republic (n=200) 80.00 67.39 67.47 69.00 
Denmark (n=330) 64.71 57.97 59.03 59.39 
France (n=570) 66.18 47.45 55.88 54.21 
Germany (n=557) 64.18 60.62 58.79 59.96 
Greece (n=331) 59.09 66.85   76.00 69.79 
Italy (n=580) 82.46 72.78 73.91 74.14 
Portugal (n=331) 77.42 66.47 66.15 67.37 
Sweden (n=334) 70.59 60.19 61.46 61.98 
U.K. (n=571) 
 

74.47 59.90 57.83 59.89 

All Countries (n=4,004) 70.24 63.61 62.26 63.64 
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Table C.10. Distribution of First-Listed Founder’s Education by Country  
 
 Sources of Initial Resources 
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Croatia  78.87 7.22 2.15 0.98 8.75 1.11 0.00 1.43 
Czech Republic  77.39 3.73 1.70 0.26 12.03 0.41 0.57 3.67 
Denmark  76.36 0.80 0.96 1.65 16.99 0.80 0.28 2.21 
France  72.57 2.76 0.53 1.67 18.02 2.63 0.21 2.43 
Germany  69.19 4.48 1.47 3.20 14.49 3.64 0.53 3.08 
Greece  74.39 5.67 0.49 0.55 10.08 2.88 5.77 0.25 
Italy  61.74 6.80 1.59 2.74 20.39 3.44 1.50 1.78 
Portugal  72.31 6.43 0.52 0.84 15.15 2.29 0.92 1.53 
Sweden  77.96 1.32 0.35 2.87 16.29 1.44 0.42 3.19 
U.K.  78.62 2.36 1.19 3.25 7.84 2.97 0.21 6.51 
 
All Countries  

 
72.85 

 
4.10 

 
1.07 

 
2.08 

 
14.60 

 
2.49 

 
1.00 

 
2.77 
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Table C.11. Distribution of First-Listed Founders by Founders’ Most Recent 
Occupational Background by Country 
 
 Last Occupation of First-Listed Founder Before Establishing this Firm 
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Croatia  13.02 4.69 43.75 20.31 3.65 1.56 5.73 2.08 
Czech Republic  11.05 3.68  37.89 12.63 23.16 3.16 0.53 0.53 
Denmark  7.88 2.42 50 23.94 5.15 2.73 5.45 0.61 
France  4.23 3.7 41.9 30.28 5.46 1.41 1.41 6.16 
Germany  11.65 4.44 43.25 15.53 14.97 2.96 1.48 1.48 
Greece  11.46 8.98 50.46 15.79 4.02 1.86 0.31 3.72 
Italy  16.96 14.51 28.85 13.29 15.73 0.7 0.87 0.87 
Portugal  11.21 6.97 39.39 21.82 9.09 0.91 1.52 4.24 
Sweden  4.5 3 49.55 27.03 7.81 3.3 1.2 1.8 
U.K.  6.16 6.51 52.11 18.49 7.92 2.29 2.99 1.41 
 
All Countries  

 
9.65 

 
6.86 

 
40.62 

 
21.06 

 
10.49 

 
1.83 

 
1.54 

 
2.77 
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Table C.12. First-Listed Founder’s Mean Number of Years of Experience Prior to the 
Company’s Establishment by Country and Sector  
 
 High-Tech 

Sector 
Low-Tech 

Sector 
 

KIBS Sector 
 

All Sectors 

Croatia (n=189) 13.56 10.68 11.04 11.29 
Czech Republic (n=189) 19.96 11.18 9.73 11.70 
Denmark (n=329) 9.97 10.21 13.34 12.34 
France (n=561) 17.33 13.01 12.96 13.49 
Germany (n=529) 14.79 13.63 12.72 13.25 
Greece (n=308) 17.48 15.65 13.57 14.99 
Italy (n=559) 16.49 14.05 12.17 13.62 
Portugal (n=319) 12.45 11.51 9.79 10.93 
Sweden (n=327) 13.48 11.30 16.94 14.75 
U.K. (n=559) 
 

15.41 13.91 14.54 14.40 

All Countries (n=3869) 15.15 13.01 13.20 13.33 
The relevant question here is: Q7. Approximately how many years of professional experience did the 
founder(s) have in the current sector your company is active before the establishment of this company? 
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Table C.13. Distribution of Founders by First-Listed Founder’s Age and Country  
 
 Age Categories 

 18-29 30-39 40-49 >50 

Croatia (n=192) 3.65 25.52 31.77 39.06 
Czech Republic (n=190) 4.74 37.89 27.37 30.00 
Denmark (n=330) 2.42 20.91 39.09 37.58 
France (n=568) 3.87 20.25 39.79 36.09 
Germany (n=541) 3.33 23.84 37.52 35.30 
Greece (n=323) 2.79 20.12 40.56 36.53 
Italy (n=572) 6.99 26.05 33.22 33.74 
Portugal (n=330) 4.55 45.15 28.48 21.82 
Sweden (n=333) 3.60 23.72 31.53 41.14 
U.K. (n=568) 3.70 20.60 36.62 39.08 
 
All Countries (n=3947) 

 
4.08 

 
25.16 

 
35.44 

 
35.32 
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Table C.14. Distribution of First-Listed Founder’s Gender and Size of the Founding 
Team  
 
  

Male (%) 
 

Female (%) 
Mean Number of 

Founders 
Croatia  79.69 20.31 1.69 
Czech 88.95 11.05 2.01 
Denmark 87.27 12.73 1.70 
France 83.63 16.37 1.85 
Germany 89.09 10.91 2.15 
Greece  91.64 8.36 2.28 
Italy 80.42 19.58 2.43 
Portugal 76.67 23.33 2.20 
Sweden 82.58 17.42 1.68 
U.K. 85.74 14.26 2.05 
 
All Countries 

 
84.57 

 
15.43 

 
2.04 
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Table C.15. Firms’ Mean Sales Increase/Decrease by Country and Sector 
 
 High-Tech 

Sector 
Low-Tech 

Sector 
 

KIBS Sector 
 

All Sectors 
Croatia (n=199) -0.79 -1.91 6.63 0.43 
Czech Republic (n=200) 9.96 7.38 13.70 10.33 
Denmark (n=330) 46.51 16.01 30.26 28.96 
France (n=570) 16.99 14.58 26.45 21.24 
Germany (n=557) 24.57 32.92 24.83 27.12 
Greece (n=5.06) 8.61 4.28 5.58 5.06 
Italy (n=580) 16.80 11.62 23.26 16.28 
Portugal (n=331) 15.39 10.58 16.81 13.48 
Sweden (n=334) 49.44 32.27 31.55 33.60 
U.K. (n=571) 
 

39.36 19.72 23.86 23.74 

All Countries (n=4003) 23.24 14.50   23.36 19.80 
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APPENDIX D  

LITERATURE REVIEW TABLES  
 
 
Table D.1. On the Propensity to Patent: A Literature Review 
 

Authors and Date 
(listed chronically) 

 
Research Question 

 
Data 

 
Empirical Models 

 
Findings 

Scherer (1980) How did the 1974 R&D 
expenditure affect 
invention patenting?  

U.S data from the FTC’s 
Line of Business Survey 
for 1974 and another 
dataset of U.S Patents 
originating from U.S 
resident inventors 
 

OLS, Tobit, 
Poisson, and Logit 
models 
 

Positive and statistically 
significant relationship 
between R&D expenditures, 
company diversification, 
overseas sales and firms’ 
propensity to patent  
negative link between 
domestic sales and patenting 

Pakes and Griliches 
(1980) 

What are the determinants 
of patenting?  

U.S industrialized firms in 
Compustat files (based on 
the 10-K firm reports to the 
SEC) and patent data 
tabulated by the Office of 
Technology Assessments 
and Forecasts of the 
USPTO from 1968 to 1974 

Log-log functional 
form with firm 
specific dummies 
and a time trend 

Positive and significant effect 
of R&D on patenting  
 
Higher elasticity of patenting 
with respect to R&D 
compared to Pakes and 
Griliches (1980)  

Hausman et al. (1981)  What are the determinants 
of patenting? 

U.S industrialized firms in 
Compustat files (based on 
the 10-K firm reports to the 
SEC) and patent data 
tabulated by the Office of 
Technology Assessments 
and Forecasts of the 
USPTO1968 to 1974 

 

Poisson  Positive effect of R&D on 
patenting  
 
Authors suggested that 
controlling for industry and 
size, the remaining small 
correlation between firm 
propensity to patent and its 
R&D intensity may be 
random 
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Authors and Date 
(listed chronically) 

 
Research Question 

 
Data 

 
Empirical Models 

 
Findings 

Bound et al. (1984) What are the determinants 
of R&D?  
 
What are the determinants 
of patenting?  

U.S manufacturing data 
(SICs 2000-3999 plus 
9997) from the Standards 
and Poor’s Compustat 
Annual Industrial Files for 
1976, company reports to 
the SEC, the Association 
of Securities Dealers 
Automated Quotations 
(NASDAQ), and patent 
data from the USPTO 

Heckman selection 
method 
 
OLS and TOBIT 
regressions  

Positive relationship between 
R&D and firm size. 
 
Complementary relationship 
between R&D and capital 
intensity. 
 
Positive effect of 
diversification and R&D on 
patenting 
 
Small but negative impact of 
systems inventions on 
patenting. 

Brouwer and 
Kleinknecht (1999) 

 Dutch part of the CIS in 
1992 

Logit model. 
 
Hurdle count data 
methods  

larger firms have a higher 
probability of applying for 
patent protection at the 
European Patent Office, 
however, smaller firms that 
do apply for patents have 
higher patent counts. 

Hall (2004) What are the sources of the 
patent growth in the United 
States since 1984?  

Large, publicly traded U.S 
manufacturing firms. 

Growth accounting 
methods and 
hedonic market 
value models, 

Legislative changes in the 
patent system at the time 
were an important driver of 
the increase in patent 
applications and grants.  
 
The growth in patenting in 
the USA has been mainly on 
electrical, electronics, 
computing and scientific 
instruments industries.  
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Authors and Date 
(listed chronically) 

 
Research Question 

 
Data 

 
Empirical Models 

 
Findings 

Graham and Sichelman 
(2008) 

What are the reasons why 
young firms or start-ups 
patent? 

Not applicable Theoretical 
arguments 
 

For small firms, patenting is 
often used as a strategic tool 
and can sometimes serve as a 
signal for firms’ stock of 
knowledge.  

Bessen and Maskin 
(2009) 

What is the relationship 
between innovation via 
R&D spending and 
patenting? 

Not applicable Theoretical models 
of R&D and 
patenting in both a 
static and dynamic 
setting  

In the static case, there is a 
possibility of overinvestment 
in R&D, however, welfare 
losses from overinvestment 
are more likely to be offset 
by the benefits stemming 
from R&D projects. 
 
In a dynamic setting, patents 
are not as effective in 
promoting R&D expenditures 
and innovation as in a static 
setting. Firms and society as 
a whole may even be better 
off without patents. 
 

De Rassenfosse and 
Van Pottelsberghe 
(2011) 

What is the price elasticity 
of patents with respect to 
patent fees for the U.S 
Europe, and Japan?  
 

Data from the European 
Patent Office, the USPTO, 
and Japan Patent Offices, 
from 1980 to 2010. 
 
 
 

Theoretical model is 
a Cobb Douglas 
Production Function  
 
Partial adjustment 
model and an error 
correction model. 

Patent fees are an important 
determinant of patenting, in 
particular for European firms. 
 
About 20% of the growth in 
patent applications at the 
EPO in the mid- 1990s can 
be attributed to the drop-in 
patent fees. 
 

Hall and Harhoff 
(2012), Eckert and 
Langinier (2014) 

Survey articles on 
patenting  

Not Applicable  Not Applicable  Articles discussed in the two 
surveys outlined the 
determinants of firms’ patent 
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Authors and Date 
(listed chronically) 

 
Research Question 

 
Data 

 
Empirical Models 

 
Findings 

counts as: R&D 
expenditures, technology 
class, industry, differences in 
patent systems, examination 
standards, new patent and 
management strategies, 
concentration, unionization, 
skill composition of labor, 
large firm employment share.  

Link and Scott (2018) Focusing on small firms, 
what is the role of firm size 
on innovative output (as 
measured by patents) from 
R&D investments? 

Department of Energy’s 
Phase II Small Business 
Innovation Research 
projects 

Negative Binomial 
model  

Evidence against the 
Schumpeterian hypothesis. 
 
Smaller firms generate more 
patents relative to their size 
compared to larger ones with 
elasticities of patenting with 
respect to R&D ranging 
between 0.41 and 0.55. 
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Table D.2. Cross-European Countries Differences in Patent Laws  
 

 
 

Country 

 
 

Patent Fees (in $US) 

 
Length of the 

Patent 

 
Examination 

Procedure 

 
Patent Granting 

Process 

 
E.P.O Protection 

Procedure 

International 
Protection 
Procedure 

Croatia  Substantive patent 
fees: $1046 
 
Consensual Patent 
fees: $573. 
S.P.C fees: $513.  
 
Renewal fees for 
both substantive and 
consensual patents: 
$5979. 
 
Note:  
Further charges 
apply if the patent 
application is over 
30 pages long and/ 
or contains over 10 
claims, or if a patent 
specification or 
certificate is 
requested. Fees are 
computed for an 
application 
submitted on paper 
and discounts apply 
for e-filed 
applications.   

20 years from 
the filing date if 
the patent is 
granted after a 
substantive 
examination.  
 
10 years if 
consensual 
patent.  

Substantive: the 
invention must 
meet the 
requirements set 
for novelty, 
inventive step and 
industrial 
applicability. 
 
Consensual: does 
not require a 
thorough 
examination. 

If the invention is 
compliant with the 
necessary 
requirements, a patent 
is granted after all fees 
have been paid by the 
applicant and a Patent 
Certificate and Patent 
Specification may be 
issued upon request. 
For new drugs, further 
requirements are 
imposed and a 
Supplementary 
Protection Certificate 
(S.P.C) is needed 
before 
commercialization.  
European patents are 
valid in Croatia upon 
submission of a 
translation to the State 
Intellectual Property 
Office.  
Renewal fees need to 
be paid annually.  

Application must 
be filed directly 
with the E.P.O or 
the State 
Intellectual 
Property Office.   
 
A patent is 
granted if all 
requirements are 
met for it to be 
published in the 
European Patent 
Convention 
(Journal).  

The inventor has 
the choice 
between 
applying to each 
country where 
patent protection 
is desired or 
submitting a  
uniform 
application 
according to the 
Patent 
Cooperation 
treaty (P.C.T) 
that if granted is 
valid for the 
member 
countries.  

Czech 
Republic 

Patent fees: $274  
 
S.P.C fees: $236 

20 years from 
the filing date.  

After a patent 
application is 
filed, the 

A patent application is 
granted if 
requirements of 

A single 
application may 
be filed at the 

An application 
may also be filed 
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Country 

 
 

Patent Fees (in $US) 

 
Length of the 

Patent 

 
Examination 

Procedure 

 
Patent Granting 

Process 

 
E.P.O Protection 

Procedure 

International 
Protection 
Procedure 

 
Renewal fees: $7993  
 
 
Note: Additional 
fees apply if the 
application contains 
more than 10 pages 
or over 10 claims.  
 

Intellectual 
Property Office 
carries out a 
preliminary 
examination.  
A substantive 
examination is 
later conducted 
upon the 
applicant’s 
demand. Such 
request must be 
filed within 36 
months of the 
application date.  
 
An accelerated 
examination may 
be requested 
under the Patent 
Prosecution 
Highway (P.P.H) 
for the United 
States or under 
other bilateral 
agreements with 
Finland, Croatia, 
Hungary, Poland, 
Slovakia and 
Spain.  
 

novelty, inventive step 
and industrial 
applicability are met 
and all fees have been 
paid. Renewal fees 
need to be paid 
annually in order to 
maintain the patent. 
A S.P.C license is 
required for medicinal 
products.  
“Discoveries and/or 
scientific theories, 
computer programs, 
plant or animal 
varieties and methods 
of medical treatment 
of human and animal 
body.” cannot be 
patented.  
 
Patents can also be 
sold.   
  
A patent granted by 
the E.P.O is also valid 
in the Czech Republic 
given a translation has 
been submitted to the 
Industrial Property 
Office.   

European Patent 
Office.  

according to the 
PCT.  
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Country 

 
 

Patent Fees (in $US) 

 
Length of the 

Patent 

 
Examination 

Procedure 

 
Patent Granting 

Process 

 
E.P.O Protection 

Procedure 

International 
Protection 
Procedure 

Denmark Patent fees: $810.  
 
S.P.C: application 
fees are about $486 
and renewal fees are 
$826 yearly.  
 
Patent Renewal fees: 
$8235 
 
Note: Additional 
fees apply after 10 
claims and/or under 
other circumstances.  

Up to 20 years 
from the filing 
date.  

An application 
must be filed with 
the Danish Patent 
and Trademark 
Office. After 
submission of an 
application, a 
substantive 
examination is 
conducted.  
 
An accelerated 
examination can 
also be requested 
under the Patent 
Prosecution 
Highway.  A 
preliminary 
examination may 
also be conducted 
by the Nordic 
Patent Institute for 
Denmark, Iceland, 
Norway and 
Sweden which 
speeds up the 
process. For 
medicinal 
products, a S.P.C 
is required before 
commercialization
. 

Patents can be issued 
for “products, 
methods, apparatuses 
and applications.” The 
invention must differ 
from previous 
knowledge and meet 
criteria of novelty, 
industrial applicability 
before a patent is 
granted.  
 
A first evaluation of 
patentability is issued 
within 10 months from 
the application date. A 
patent is generally 
issued 3 years later in 
case if the all 
requirements are met 
and fees have been 
paid.  
Renewal fees need to 
be paid.  

A uniform 
application for a 
European patent 
can be filed at 
the E.P.O. 
Alternatively, the 
applicant may 
pursue individual 
patents in 
different 
countries. 
Applications 
must be made 
within 12 months 
from filing an 
application for a 
Danish patent.  

An inventor may 
also pursue an 
application 
according to the 
P.C.T.  
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Country 

 
 

Patent Fees (in $US) 

 
Length of the 

Patent 

 
Examination 

Procedure 

 
Patent Granting 

Process 

 
E.P.O Protection 

Procedure 

International 
Protection 
Procedure 

France  Patent fees: $780 
 
 
Renewal fees: $6928 
up to  
 
Note: Additional 
fees apply after 10 
claims and some 
discounts may also 
apply under specific 
conditions.  

Up to 20 years 
from the filing 
date  

A substantive 
examination is 
conducted to see 
if the application 
complies with 
requirements of 
novelty, inventive 
step and industrial 
applicability.  

After the examination 
is conducted, a search 
report is generated, 
and the applicant has 
the option to submit a 
request for 
amendments etc. After 
submission of any 
amendments of claims, 
the Intellectual 
Property Office makes 
a decision on whether 
to grant patent 
protection or not.  
An application can be 
denied on the basis of 
lack of novelty but not 
on the basis of lack of 
inventive step.  
 
Patents granted by the 
E.P.O and under the 
P.C.T are also valid in 
France.  
A S.P.C is needed for 
pharmaceuticals.  

Patent Protection 
in the E.U can be 
obtained by 
filing an 
application at the 
E.P.O.  

International 
patent protection 
outside of the 
E.U can also be 
obtained under 
the PCT.  

Germany Patent fees: $592 if 
the application is e-
filed and $616 for an 
application on paper.   
  
 
Renewal fees 13170  

Up to 20 years 
from the date of 
the application. 

After an 
application is filed 
and fees are paid, 
a preliminary 
examination is 
conducted.  

Patent protection is 
granted if the 
substantive 
examination is 
successful and fees 
have been paid.  
 

The inventor(s) 
can file an 
application in 
each country 
where a patent is 
sought. 
Alternatively, an 

International 
protection 
outside of the 
E.U can be 
obtained by an 
individual 
application in 



 

  

147 

 
 

Country 

 
 

Patent Fees (in $US) 

 
Length of the 

Patent 

 
Examination 

Procedure 

 
Patent Granting 

Process 

 
E.P.O Protection 

Procedure 

International 
Protection 
Procedure 

 
Note:  
Additional fees after 
10 claims.   

The invention is 
then classified 
based on the 
technology field 
and according to 
the International 
Patent 
Classification 
(I.P.C). After the 
preliminary 
examination, a 
request for 
examination must 
be filed and fees 
need to be paid 
for the Office to 
conduct a 
substantive 
examination.  

The invention is kept 
secret for 18 months 
before publication. 
 
A SPC is required in 
case the invention uses 
active medicinal 
ingredients.  
 
Annual renewal fees 
beginning in the 3rd 
year must be paid.  

inventor can also 
file a single 
application at the 
E.P.O. Such 
application must 
be filed within 
12 months of the 
application in 
Germany.   

each country 
where protection 
is desired, or a 
single 
application may 
also be filed 
according to the 
P.C.T.  

Greece  Patent fees: $846. 
 
S.P.C fees: $302.   
 
Renewal fees: 
$6311.  
 
 
Note: Additional 
fees are incurred 
after 10 claims and a 
discount may apply 
in some cases.  

Up to 20 years 
from the filing 
date.  

Application must 
be filed at the 
Hellenic Industrial 
Property 
Organization 
(O.B.I).  
A substantive 
examination is 
conducted to see 
if the invention is 
compliant with 
the criteria of 
novelty, inventive 

After the application is 
filed and the 
examination has been 
carried out, the 
applicant is given a 4 -
month period for 
amends etc. A search 
report is then issued to 
the applicant who will 
be given another 3 
months for additional 
comments or 
objections he may 
have. After the 3 

A European 
Patent may be 
applied for at the 
EPO. The O.B.I 
is also a 
receiving office 
for European 
patents.  

A single 
application may 
also be submitted 
according to the 
PCT.  
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Country 

 
 

Patent Fees (in $US) 

 
Length of the 

Patent 

 
Examination 

Procedure 

 
Patent Granting 

Process 

 
E.P.O Protection 

Procedure 

International 
Protection 
Procedure 

step and industrial 
applicability.  
 
A SPC may also 
be required for 
pharmaceuticals.  

months have passed, a 
final search report is 
drafted followed by a 
patent grant 
conditional on all 
requirements being 
met and fees being 
paid.  
Annuities need to be 
paid to maintain the 
patent.  
 
European patents are 
valid in Greece given 
a translation has been 
provided to the O.B.I.  

Italy   
Patent fees: $147 
 
Renewal fees: 
$7996.  
 

Up to 20 years 
from the filing 
date.  
 
Utility model 
patents can only 
last for a 
maximum of 10 
years.  

The search is 
conducted by the 
E.P.O however, 
the decision to 
grant a nationally 
filed patent is 
taken by the 
I.P.T.O. 
Requirements of 
novelty, inventive 
step and technical 
contribution must 
be met. 
 
For utility model 
patents, the search 
can be conducted 

Patent applications 
must be filed with the 
Italian Patents and 
Trademarks Office 
(I.P.T.O). Applications 
are then sent to the 
E.P.O which conducts 
a search. After the 
search report is ready, 
applicants are given 
the opportunity to 
make comments or 
arguments in case of 
objections.  About 18  
months from filing 
date, the application is 
first published before 

An inventor can 
also apply for a 
European patent 
at the EPO   

International 
patent protection 
can be obtained 
through an 
application 
according to the 
P.C.T.  
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Country 

 
 

Patent Fees (in $US) 

 
Length of the 

Patent 

 
Examination 

Procedure 

 
Patent Granting 

Process 

 
E.P.O Protection 

Procedure 

International 
Protection 
Procedure 

by the I.P.T.O and 
standards for 
inventive step are 
lower.   

the I.P.T.O makes a 
final decision to grant 
the patent or not.   
A S.P.C is also 
required for 
pharmaceuticals 
containing active 
ingredients. Further,  
applicants have the 
possibility to convert 
invention patents into 
utility model patents.  
Italian patents are also 
valid in San Marino 
and can be validated 
by the Vatican City 
State.  
European patents are 
also valid in Italy 
given that a translation 
has been provided to 
the I.P.T.O.  

Portugal Patent fees: $328 for 
paper filed 
applications and 
$202 for e-filed 
applications.  
 
Renewal fees: $7815 

Up to 20 years 
from the 
application date.  

Requirements of 
novelty, 
inventiveness and 
industrial 
applicability are 
carefully 
scrutinized during 
the examination 
process. 
 
  

A patent is granted if 
all requirements have 
been met and a S.P.C 
may also be required 
for medicinal 
products.  
European patents are 
valid in Portugal 
provided that 
translation has been 

An inventor can 
apply for a 
European patent 
at the E.P.O that 
if granted will be 
valid in the E.U.  

International 
protection of an 
invention can be 
obtained 
according to the 
P.C.T.  
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Patent Fees (in $US) 

 
Length of the 

Patent 

 
Examination 

Procedure 

 
Patent Granting 

Process 

 
E.P.O Protection 

Procedure 

International 
Protection 
Procedure 

submitted to the 
relevant authorities.  

United 
Kingdom 

Patent fees: $374 for 
e-filed applications 
and $483 for paper 
filed applications.  
 
Renewal fees: $5605 
 
Note: Additional 
fees apply if:  the 
application fee is 
paid late, the 
application exceeds 
35 pages and/or 
includes over 25 
claims.   
  

Up to 20 years 
from the filing 
date.  

Substantive 
examination to 
determine whether 
all requirements 
set by the 
Industrial 
Property Office 
(I.P.O) are met. 

After an application 
has been filed, the 
Intellectual Property 
Office (I.P.O) issues a 
filing report followed 
by a preliminary 
examination report. 
Six months later, the 
I.P.O issues a search 
report followed by a 
publish application. If 
the patent application 
passes the substantive 
examination, a patent 
is granted and 
published. Renewal 
fees need to be paid 
annually.   
 
Patent applications 
may also be filed 
under a fast grant 
option which features 
the following services: 
combined search and 
examination (C.S.E), 
accelerated search 
and/or examination, 
acceleration 
publication. This track 
speeds up the patent 

An inventor may 
file a single 
European patent 
application (E.P) 
at the E.P.O or 
via the U.K 
office. 
 
Alternatively, a 
patent 
application may 
be filed 
separately at 
each country 
where protection 
is desired.  

File a separate 
patent 
application in 
each country 
where protection 
is required or file 
a single 
application 
according to the 
Patent 
Cooperation 
Treaty (P.C.T).  
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Procedure 

 
Patent Granting 

Process 

 
E.P.O Protection 

Procedure 

International 
Protection 
Procedure 

granting process. 
However, adequate 
reasons for applying 
under the fast track 
option must be 
submitted along with 
the application.  
 
European patents are 
also valid in the U.K 
and a S.P.C is required 
for medicines and 
plant related products.   

Sweden Patent fees: $864 
 
S.P.C fees: $1152  
 
Renewal fees: 
$5958.144.  
 
Note: Additional 
fees apply after the 
first 10 claims or if 
translation is 
submitted late etc.  
 
 

Up to 20 years 
from the date of 
the application.  

A thorough 
examination is 
conducted to 
determine whether 
the invention 
meets the 
requirements of 
novelty, industrial 
applicability and 
differs 
significantly from 
previous 
knowledge. The 
application must 
also meet formal 
requirements such 
as a clear 
description, a 
summary, patent 
claims, and must 

Patent protection is 
granted if all 
requirements are met 
and fees are paid.  
 
European Patents are 
also valid in Sweden 
given a translation has 
been provided to the 
P.R.V.  
 
Annuities must be paid 
starting in the 3rd year.  

Application for a 
European Patent 
can be submitted 
at the E.P.O or 
the inventor(s) 
may also submit 
individual 
applications to 
each country’s 
patent office 
where protection 
is required.  

The inventor(s) 
may submit 
separate 
application to 
each country 
where protection 
is desired. 
Alternatively, an 
application may 
be submitted 
according to the 
P.C.T that if 
granted will be 
valid in all 
participating 
countries. 
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Patent Granting 
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Protection 
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include drawings 
etc.  
 
A S.P.C may be 
needed for 
pharmaceuticals  
 
European Patents 
are valid in 
Sweden given a 
translation has 
been provided to 
the P.RV. 
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Table D.3. Patent Signaling: A Literature Review 
 

Authors and Date Research Question Model/Method Findings 

Bagwell and Riordan 
(1991) 

How do firms signal 
product quality? 
 

A one period static model and 
another dynamic signaling 
game with multiple dimensions 
of private information. 

There exists a positive 
relationship between price and 
quality. High and declining prices 
signal a high-quality product 
because the decline in sales that 
high prices may generate is more 
damaging for firms who produce 
low quality goods. Further, over 
time, as the asymmetry of 
information decreases, the high 
prices decline towards the full 
information monopoly price. 

Garella and Peitz (2000) How do firms signal quality 
when consumers do not 
observe quality?  

Duopoly under imperfect 
information modeled as a four-
stage game where under moral 
hazard, the firm chooses quality 
first and under adverse 
selection nature chooses 
quality.   
Duopoly under complete 
information (model without 
intermediation)  
 
Intermediation is modeled 
without any social costs such as 
price distortions and double 
marginalization. 

When consumers do not have 
information on quality, firms may 
use intermediation that is “selling 
through an intermediary jointly or 
exclusively) instead of 
certification. Further, 
Intermediation is socially optimal 
because it is a redistribution of 
profits and it does not involve 
costs such as price distortions and 
double marginalization. 

Hertzendorf and 
Overgaard (2001)  

Can vertically differentiated 
duopolists use prices and 

Signaling game where nature 
randomly assigns a quality type 

Advertising and prices can 
simultaneously convey 
information to consumers about a 
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Authors and Date Research Question Model/Method Findings 

advertising to signal 
quality?  

(either high or low) to 2 firms 
with equal probabilities.  

product’s quality. Combining 
advertising to price signals allows 
the high-quality firm to separate 
from the low quality one. Further, 
when vertical differentiation is 
small, there exists no separating 
equilibrium. Finally, pooling 
prices results in a zero profit 
Bertrand outcome while 
separating prices result in positive 
duopoly profits. 

Fluet and Garella (2002) Do firms use price or 
advertising as signals for 
quality? How does 
advertising affect 
competition? 

Monopoly and duopoly 
signaling models  
 
Limit pricing models 

In contrast to monopoly, 
advertising is a necessary signal 
when there are more than one 
firm in the market.  
Pure price signals can be used 
only if there are sufficient quality 
differences between brands. 
Further, advertising favors 
competition and may be superior 
to signaling through price 
distortion as it directly sends 
information to consumers. 

Daughety and Reinganum 
(2007)  

how does quality- signaling 
affect equilibrium prices 
and profits in a duopoly 
setting?  

Non-cooperative signaling by 2 
firms with “universal 
incomplete information,” that 
is: each firm has private 
information over the quality of 
its products and there exist 
numerous consumers whose 
preferences over the firms’ 
products is private information. 

There exists a symmetric 
separating equilibrium in which 
the firm signals the quality of its 
product through the price it sets.  
Equilibrium prices, price 
differentials, the associated 
outputs and profits are positively 
related to safety (or quality).  
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Further, each consumer views 
the products as imperfect 
substitutes and   
quality is measured by safety 

There exists a certain threshold of 
horizontal product differentiation 
above which, equilibrium prices 
are lower when quality is 
common knowledge compared to 
when it’s private information.  
Under monopoly, signaling 
quality through prices imposes a 
loss whereas, for duopolits, price 
signals are beneficial as they can 
help competition.  
Finally, because signaling 
redistributes demand towards low 
quality firms, the average quality 
in the market is lower.   

Garella and Peitz (2007)  Do marketing alliances 
between competitors signal 
quality? 
 
A well established and 
well-known firm A 
produces a product of high 
quality which is common 
knowledge and an entrant 
firm B can either choose to 
produce at a high quality or 
low quality. Firm A 
observes B’s product 
quality, but consumers 
don’t.  
 

five stage game between the 
incumbent firm, the entrant and 
consumers with moral hazard 
where the incumbents knows 
the entrant’s quality, but 
consumers don’t. 

A well-established firm will 
accept an alliance with a high-
quality entrant only for the 
following reasons: rejecting such 
opportunity is not optimal 
because the competitor may 
choose certification and  
Forming an alliance with a brand 
of low quality is not optimal 
either because the long-term costs 
of losing his reputation are higher 
than the short-term gains of 
cheating.  
Therefore, an established firm’s 
alliance with a competitor reveals 
information about the 
competitor’s quality of products. 



 

  

156 

Authors and Date Research Question Model/Method Findings 

Does firm A’s decision to 
form an alliance with B 
constitute a signal about 
firm B’s quality?    
 
 

Daughety and Reinganum 
(2008) 

How do firms signal 
product quality? Do firms 
signal quality through 
disclosure or through prices 
or both?    

Disclosure and price signaling 
model integrated.  
The consumer’s utility function 
is quasilinear, and its demand 
function depends on price and 
quality. The firm’s marginal 
cost is increasing in quality and 
it chooses its disclosure policy 
and price simultaneously after it 
learns its true type. 

If disclosure costs are sufficiently 
high, the firm will signal quality 
through price. If disclosure costs 
were zero, firms would signal 
quality through disclosure and 
therefore charge their full 
information price based on their 
type. In a full disclosure setting, 
profits are increasing with quality 
while when the firm chooses 
price as a signal, profits are 
decreasing in quality. 
Additionally,  
the model finds that low quality 
types choose to signal through 
prices while high quality types 
choose to disclose.  

Horstmann et al. (1985) What is firms’ patenting 
behavior in the presence of 
asymmetric information 
and threat of invention 
imitation? 

Three stage game where in the 
first period two identical firms 
engage in a “race” for some 
innovation. In the second stage, 
the innovator must decide 
whether to patent its invention 
or not. In the last stage, the two 
firms play a duopoly output 
game. 

An innovator firm always patents 
when imitation is not profitable 
for the competitor. The innovator 
may sometimes patent even when 
imitation is profitable for the 
competitor.  
 
The competitor in response, will 
not produce when an invention is 
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patented and will produce a 
differentiated product when the 
invention is not patented.  
 
These results suggest that firms 
play a mixed strategy between 
patenting and not patenting. 
Further, not all inventions are 
patented and the ones that are 
patented convey stronger signals 
to competitors. 

Gallini and Wright 
(1990)  
 

What is the licensing 
strategy of firms when the 
licensor has private 
information on the value of 
the innovation that could 
facilitate imitation? 
 
They focus on product and 
drastic process innovations. 

Signaling model between a 
licensor and a licensee with an 
informed principal.  
 
The licensor signals the value 
of her invention through her 
contract offer. 

Low value innovations are 
effectively signaled by an 
exclusive contract and a fixed fee 
while for high value innovations 
the licensor makes an offer for a 
contract in which the royalty 
depends on output. Moreover, 
when imitation costs are low and 
profitability differences between 
innovation types are high, the 
licensor offers only exclusive 
contracts in equilibrium.  Finally, 
when imitation costs are 
sufficiently high, monopoly 
profits can be achieved with both 
exclusive (non- linear) and non-
exclusive contracts.  

Audretsch (2002) What role do small firms 
play in the economy and in 
promoting innovation? 

Comparison of traditional static 
industrial organization’s view 
of small firm’s entry versus 
dynamic view. 

Small and Medium Sized 
Enterprises play an important role 
in the economy. They are a great 
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source of employment growth and 
innovation.  
For instance, the employment 
growth from 1990 to 1995 in the 
U.S. was higher for small firms 
compared to larger ones. Further, 
small firms generate more patents 
per employee than large firms do. 
Therefore, small firms serve as 
“agents of change.” 

Long (2002) 
 

Do patents provide 
information about the firm 
to observers and serve as a 
signal of firm’s attributes? 

signaling model from a legal 
perspective.  

The author provides a legal 
context as to why patents may 
serve as a signal. In fact, because 
legal rules affect firms’ activities, 
they also affect how information 
is conveyed between firms and 
investors. 
 
Patents are an ambiguous signal 
of a firm’s attributes as they only 
separate firms by type under 
certain conditions.  
A separating equilibrium may 
exist if the marginal benefit of 
being thought of as an innovative 
firm is less than the low ability 
firm’s cost of filing for patent 
protection but more than the cost 
to an innovative firm filing for 
patent. Two pooling equilibria 
may also exist, one where no firm 
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patents and another where both 
type firms patent inefficiently.   

Anton and Yao (2003) 
 

How does the tradeoff 
between patent “signaling 
capability and transferring 
knowledge” via 
invalidation of the patent 
vary with the extent of the 
innovation and the strength 
of the patent? 
 

3 staged-model of two risk 
neutral firms: one innovator and 
one follower when there is 
information asymmetry about a 
competitor’s abilities. 

Enabling disclosures are 
particularly interesting because 
they exhibit unique characteristics 
compared to other signals such as 
prices and advertising. For 
example, advertising and prices 
do not change the technological 
capabilities of the competitors, 
whereas enabling disclosure may 
improve a competitor’s 
capabilities and are also 
constrained by the innovator’s 
abilities.  Therefore, enabling 
disclosures can be costless for 
high cost types when there is 
information asymmetry about a 
competitor’s abilities. 
Consequently, in equilibrium, 
only high cost types would fully 
disclose knowledge when filing 
for patents because for them 
disclosure is an efficient signal.  

Bessen (2003)  How to explain patenting 
behavior of firms in 
complex industries? 

Multi stage patent race model 
with 2 risk neutral firms 

When technologies are complex 
and standards are low, patents 
may be an ineffective property 
right mechanism. Firms, in 
particular incumbent firms build 
“patent thickets” forcing 
innovators to share profits via 
cross licensing agreements. When 
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standards are high instead, “lead 
time” advantages provide 
incentives for R&D neither firm 
patents. 

Anton and Yao (2004) 
 

How do inventors protect or 
manage intellectual 
property in the presence of 
limited property rights and 
threat of imitation? 

Cournot duopoly model with 
linear market demands. The two 
firms in the market are: a 
follower firm and an inventor 
firm that has slightly lower 
costs of production stemming 
from private information about 
an invention.  
 
The inventor has the choice to 
patent and if so, how much 
information to disclose whereas 
the follower’s choice is whether 
to risk infringement after 
observing disclosure.  
 

Small inventions are patented, 
fully disclosed and no imitation 
occurs. Larger inventions are 
mostly protected by secrecy, 
sometimes patented and imitation 
may occur. Moreover, limited 
property rights cause a tradeoff 
between disclosure and imitation. 
For large inventions, disclosure 
incentives are very small, and 
consequently, large inventions are 
oftentimes protected by secrecy; 
whereas the opposite is true for 
small inventions which are 
patented, fully disclosed and no 
imitation occurs.  

Engel and Keilbach 
(2007) 

Which start-ups do venture 
capitalists choose to invest 
in? 

Probit models with propensity 
scores of 142 firms that are 
venture funded in Germany and 
21375 control firms. 

Start-ups with higher patent 
counts have a higher probability 
of obtaining venture capital 
funds. Moreover, the founders of 
firms that usually attract venture 
capital have a higher level of 
education.  After attracting 
venture capital funds, firms 
switch their focus to 
commercialization which in turn 
increases their growth rate. 
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Gick (2008) How do small firms use 
patenting as a disclosure 
strategy under 
technological competition? 

Two sender signaling game 
where two start-ups compete 
for an alliance with a user firm. 

When the expected payoff from a 
user firm cooperating with two 
types of start-ups is lower than 
the expected payoff from not 
cooperating, the more 
technologically capable start-up 
will separate by filing patent 
protection whereas the less 
advanced start-up does not file.  
 
The less advanced start-up may 
win cooperation with the user 
firm if the latter’s expected profit 
from cooperation is higher than 
profit from not cooperating.  
 
Government subsidies on patent 
filing fees do not change the 
outcome of separation in 
equilibrium. 

Audretsch et al. (2012) How do start-ups signal 
quality (appropriability and 
feasibility) of their 
technology to investors? 

Multinomial logit models using 
data on 906 new ventures.   

Patents and prototypes serve as 
signals that help start-ups attract 
funding through the equity 
market.  
Startups use patents to signal 
appropriability and prototypes to 
signal feasibility. Further, start-
ups that use both patents and 
prototypes are more likely to 
obtain equity finance.  

Conti et al. (2013) What is the role of patents 
in reducing asymmetric 

Their theoretical model is a 3-
period signaling game under 

The authors found that start-ups 
use patents as a signal of their 
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information between start-
ups and different types of 
investors 

heterogeneous investors in 
terms of the amount of non-
financial capital they offer. 
 
The empirical model consists of 
Instrumental Variables 
estimation using a dataset of 
787 Israeli start-ups. 

capabilities to attract external 
funds. There also exits “positive 
matching of startup founders with 
a given invention value and 
external investors with a certain 
amount of non- financial capital” 
(p 618). 
 
Finally, their empirical analysis 
finds that patents are used to 
attract venture capitalists but not 
private investors. 

Hoenen et al. (2014) 
 

Do Patents convey 
information on a firm’s 
attributes to venture 
capitalists? If so, does the 
signaling value of patents 
diminish between the first 
and second round of 
financing? 

Regression of the sum of 
venture capital investments 
acquired by a given firm in the 
first round on patenting activity 
and other covariates. 
 
Regression of the sum of the 
sum of venture capital 
investments acquired by a given 
firm in the second round on 
patenting activity and other 
covariates. 

They found evidence in favor of 
the hypothesis that patents serve 
as a signal to attract venture 
capital funds in the first round. 
However, this signaling effect 
diminishes between the first and 
second round of investment 
which could be explained by a 
reduction of information 
asymmetries in the second round. 

 


