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Abstract

In 2007 Finland changed ownership rights to inventions from its employees – "the pro-

fessor’s privilege" – to universities. We investigate how this change affected academic

patenting using new data on inventors and patenting in Finland for the period 1995-

2010. Matched sample panel data regressions using difference-in-differences show

that patenting by individuals dropped by at least 29 percent after 2007. Unlike other

countries studied, in Finland the reform was known before implementation. Adding the

period after announcement to the reform period increases the drop in academic patent-

ing to 46 percent. Our and others’ results call into question whether the European

reform of the professor’s privilege were good innovation policy.

Key words: academic patenting, Finland, professor’s privilege, university ownership

JEL: I23, I28, O31, O32, O34, O38

1. Introduction

In 2007, Finland joined other European countries in a trend to switch ownership

rights over inventions such that public universities now own the rights to inventions

produced by researchers there. This revoked ownership rights previously held by aca-
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demic employees, commonly referred to as the "professor’s privilege." Theory high-5

lights two main opposing forces when ownership rights change from the individual

to the university. First, patenting may become easier for researchers because of more

easily accessible university transfer assistance, which could speed up patenting. Sec-

ond, through owning patenting rights, universities can tax patent incomes, reducing

monetary incentives for researchers to invent.10

We investigate the effects of the abolishment of the professor’s privilege in Fin-

land. Our investigation utilizes novel data on Finnish inventors collected for this pa-

per, linked to individual employer-employee data in collaboration with Statistics Fin-

land. We examine changes in inventive outcomes for academic researchers, contrasting

these changes with those in control groups from institutes and firms, respectively, in15

difference-in-differences regressions. We rely mainly on matched samples based on

coarsened exact matching (CEM) at the individual level.

The paper contributes to the existing literature in several ways. Very few papers

in this area of research utilize economy-wide data on inventors. Access to good data

allows us to control for demographic composition, education and individual (innate)20

propensities to patent through fixed effects. Importantly, it also allows the exploitation

of the experimental nature of the policy reform through the creation of an appropriate

control group against which to compare the effects on academic inventors. This allows

the identification of a plausibly causal effect of the policy reform. Although several

well-established microeconometric techniques allow the identification of causal rela-25

tionships, such as instrumental variables, regression discontinuity and differences-in-

differences (DiD; see, e.g., Angrist and Pischke, 2009), our paper is only one of three

that attempts to causally identify an effect, all applying a DiD approach (Czarnitzki

et al., 2015; Hvide and Jones, 2016). The DiD setup enables us to study changes in

patenting in academia, which is contrasted with developments at institutes and in the30

private sector. This gives us the ability to "net out" contributions to the groups stud-

ied that, although time varying, are common over time. For instance, technological

progress or business cycles can lead to swings in patenting that are common to all three

groups. Not controlling for such trends would confound policy reform effects with

other trend effects that distort interpretation. This paper therefore helps us understand35
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whether the consequences of changing the IP-patenting regime has effects consistent

with the other studies, but in a quite different setting. It is highly policy relevant if we

can establish that the results of this major and much debated European reform led to

similar outcomes across different countries, each with its own unique combination of

institutional features.40

We find that the case of Finland differs in many ways from other cases studied. In

Finland, the IP-regime change took place in the midst of a major restructuring of the

telecom sector. It also took place just before the start of the recession in 2007, which

means that the post-reform period could be affected by slower economic development.

Another important difference is that our study reveals pre-reform effects in Finland that45

seem to have influenced academic patenting behavior even before implementation, but

after announcement of the reform.

The analysis shows the importance of taking structural factors into account. Our

most reliable analyzes use the private sector as the main control group. We also omit

the firm with the most patenting to remove trend effects in the control group. The50

results indicate an adverse effect on university patenting. Contrary to the expectation

that the reform would stimulate patenting, we observe a 29 percent drop in university

researcher patenting in our matched sample analysis. In addition, by including the

period before the reform but after the announcement of it, our preferred specification,

the drop increases to 46 percent.55

We thus show how the DiD framework can be adapted to deal with circumstances

that deviate from the standard DiD setup in an evaluation of academic IP-regime change.

In robustness analyses, we delve into the sensitivity of our results by examining two

potentially mitigating or reinforcing factors of the Finnish IP-reform. Government

funds were raised substantially in order to stimulate commercialization of research60

and technology transfer after the reform. Although imprecisely measured, as TULI

funds can be observed only as part of other government funds from Tekes, the Finnish

Funding Agency for Innovation and Technology, our analysis of universities that had

large increases in Tekes funds after 2007 experienced no statistically different effect

on patenting from other universities in terms of patenting. We also analyze whether65

academic inventors who moved out of academia could be responsible for the decline
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but find that this is most likely not the reason. Our and others’ results call into ques-

tion whether the European reform of the professor’s privilege were good innovation

policy. Our findings also add to existing evidence that any potentially positive effects

from increased tech transfer support does not outweigh the downside of eliminating the70

professor’s privilege.

2. Literature review

In much of Europe, until the early 2000s default ownership of inventions by univer-

sity researchers rested with the individual. The inspiration for the change in Europe in

ownership to that of universities came from the United States, which in 1980 through75

the Bayh-Dole Act set the default rights of invention ownership from federally funded

research at the university level (Mowery et al., 2001). It should be noted that the Euro-

pean and American starting points were different, however. The US reform involved a

decentralization of ownership, whereas later European reforms implied centralization

(Von Proff et al., 2012). A sharp rise in university patenting was observed at American80

universities in the 1980s and 1990s (Trajtenberg et al., 1997). But it has never been

established whether this was due to (a) the reform, (b) other reforms that strengthened

patent rights around the same time, (c) increased patentability in, for example, biotech,

or (d) a rising rate of academic patenting that had begun already in the 1970s (Mowery

et al., 2001). On balance, it seems likely that this decentralization may have helped cre-85

ate better incentives for individual researchers, because the Bayh-Dole Act implied that

technology transfer offices were established at many American universities (Audretsch

and Göktepe-Hultén, 2015; Coupé, 2003). However, the case for switching from the

individual level to university ownership in Europe was less clear-cut. Theoretically,

the effects of changing from the individual level to university ownership centers on90

arguments that university administrations offer efficiency gains. This stems from the

assumption that researchers are less capable of finding suitable industry partners than

are their technology transfer officers (Verspagen, 2006). The downside to university

ownership, however, is higher (transaction) costs, which "tax" university inventors. A

common distribution seems to be one in which, net of university costs, one-third of the95
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profits go to the inventor and two-thirds to the university, as in Germany and Norway

(Hvide and Jones, 2016, cited below as HJ).

Lowe (2006) highlights some of the trade-offs in a theoretical model. He analyzes

the technology transfer process in situations in which the development of an invention

requires active tacit knowledge transfer from the inventor. This assumption is realis-100

tic, as many observers have concluded that inventions are rarely ready for commer-

cialization "off the shelf" but, rather, need the active assistance of the originator (the

researcher) to be developed (Jensen and Thursby, 2001; Zucker et al., 1998). In the

model by Lowe (2006), in cases in which a sufficiently high level of tacit knowledge

is required, inventors prefer to start their own firm, through which they develop their105

invention to the point that it is ready for commercialization. This is because tacit ef-

fort requires compensation to the inventor in the form of royalties that lower profit and

reduce output (given that demand for inventor knowledge is elastic). As in the discus-

sion in the literature, Lowe (2006) stresses three roles through which universities can

help inventors. First, they spread fixed costs associated with administration, licensing,110

and other intellectual property costs across many commercializable inventions. Sec-

ond, they function as intermediaries bringing licensees together with inventors. That

is, they find actors ready to commercialize results that inventors might otherwise not

find. Finally, universities may be better negotiators than individual inventors. The

trade-offs in costs and gains are thus between those who do not need the assistance of115

universities, which mainly face losses in the form of "university taxation," vs. other-

wise noncommercialized inventions for which inventors may now find an actor willing

to commercialize them. It can easily be perceived that the first cost could discourage

researchers from inventing (Lowe, 2006; Thursby et al., 2009).

The net contribution by universities is therefore not obvious and may vary from120

invention to invention. It is determined in part by the skills of the technology transfer

office. Theoretically, individuals without patenting experience could gain from advice

that universities can offer. However, the willingness to contribute to an invention could

decline for inventors with established firm networks (Czarnitzki et al., 2015, cited be-

low as CZ). These theoretical intricacies did not stop European countries from adopting125

university ownership rights, disregarding the need for a sound empirical basis. In the
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recent wave, Denmark went first in 2001, closely followed by Germany and Austria

(2002), Norway (2005), and Finland (2007).1 Lissoni et al. (2009) investigate the case

of Denmark, but the lack of data on individuals before the reform limits the ability to

understand its effects, although it is clear that university ownership of academic patents130

increased at the expense of patents invented by academic researchers but applied for di-

rectly by commercial firms, as expected. In Italy, national legislation decreed a switch

from university ownership to individual ownership. However, this reform was largely

circumvented by local university regulations that effectively reversed the legislation

and reinforced university ownership (Lissoni, 2013; Lissoni et al., 2009). Some cases135

have been evaluated using longitudinal micro data in which university researchers have

been observed over time. For example, Von Proff et al. (2012) find that the German

reform indicated no increase in patenting after 2002. Although not conclusive, they

find indications that patenting might have decreased.

However, one of the major benefits of using longitudinal individual data is that we140

can find an appropriate control group, because many concurrent trends can be expected

to affect different areas of the economy similarly. For example, the dot-com and sub-

sequent fall in the early 2000s and business-cycle effects may have affected overall

patenting levels. It is important to try to net out such changes from an overall assess-

ment. Of the several methods for evaluating the abolition, the DiD approach is the most145

appropriate and is relatively straightforward if data are available. Another option could

utilize instrumental variables. For instance, ideally, researchers would somehow ran-

domly be forced to follow such a change. It is hard to see whether any such measures

have been taken in the context of academic patenting. Similarly, regression disconti-

nuity analysis utilizes scores assigned to treated and non-treated subjects, which can150

be used to distinguish the role of selection from treatment effects. Again, we are not

1The French innovation act of 1999, examined by Della Malva et al. (2013), does not cleanly fall into

a distinct ownership change. Tax incentives to establish technology transfer offices and an institutional

recognition of technology transfer activities sought to stimulate universities to become more active partners

in commercialization of intellectual property. The authors indeed find evidence of an increased share of

ownership of French universities involving university researchers.
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aware of the existence of any such data.

The two existing DiDs that have been published as working papers are therefore

highly important for this study. CZ undertake an individual-level DiD analysis that

compares patenting in matched samples of university and institute researchers before155

and after the abolishment of the professor’s privilege in Germany. CZ is based on the

premise that institute researchers constitute a relevant control group because institutes

always had patent rights. The authors find a severe downturn in university researcher

patenting compared to institute researchers. Because of matching, this result cannot

be attributed to compositional factors, such as those associated with life-cycle effects,160

field, or gender (Huang et al., 2011; Levin and Stephan, 1991). A similar approach,

using firm inventors as a control group, by HJ also indicates a strong negative effect

in Norway. Their study reveals not only a substantial decline in patenting but also a

strong decline in firm start-ups by academics.

A few studies do not explicitly evaluate the shifting reform but provide other evi-165

dence. In this respect, Sweden is an interesting country as it is one of the few countries

in Europe to retain its professor’s privilege. Ejermo and Källström (2016) examine

the level of academic patenting in Sweden that results as a consequence of academic

R&D (whose exogenous variation is plausibly explained by field-external R&D at the

university), which is examined and contrasted with the case of the United States, the170

only other country for which such evidence exists (Coupé, 2003; Gurmu et al., 2010).

The paper reports that university patenting in Sweden responds at least as well, if not

better, to academic R&D resources than the United States. Another Swedish-US com-

parison is made by Åstebro et al. (2016). They examine the entry of STEM (science,

technology, engineering, and mathematics) PhDs into entrepreneurship and differen-175

tials between university wages and earnings from becoming an entrepreneur in the two

countries, contrasting this with the baseline entrance rate by non-academics. They find

that Swedish academics are more likely to enter into entrepreneurship than the country

baseline, and while average earnings drop in both countries, they drop less in Sweden.

Thus, the incentives and revealed entry rates by no means have a greater deterrent ef-180

fect in the Swedish context. Of course, this evidence only indirectly suggests a positive
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effect from the professor’s privilege, as other system properties could affect the level

of patenting. However, in line with this evidence, HJ also report that countries with

the highest shares of university patenting in all patenting also have or have had a pro-

fessor’s privilege. Moreover, the result that professor’s privilege systems may better185

stimulate individual incentives is also in accordance with a study by Kenney and Pat-

ton (2011), who, in a six-university comparison of North American universities, find

that Waterloo University, the only university with a professor’s privilege, had substan-

tially more entrepreneurial activity than the other five. Interestingly, the second-best

performer, University of Wisconsin, Madison, had a professor’s privilege earlier.190

3. The Finnish University Patenting Reform

The Finnish university system consists of 14 universities and 25 universities of ap-

plied sciences (polytechnic universities). The Finnish university system follows a dual

model that distinguishes between research and educational universities. Applied sci-

ence universities focus their educational mission on bachelor’s and master’s degrees,195

and do little research whereas the universities focus on education, at the master’s and

PhD level, as well as scientific research. When the new Finnish legislation on university

patenting became effective at the beginning of 2007 (Ministry of Trade and Industry,

2006), the rights of university researchers and teachers to their own inventions were

significantly reduced. In effect, the new legislation prescribed that the university had200

the right – but not the obligation – to claim patent rights to all inventions made by uni-

versity researchers when the inventions were conceived during work that was financed

in whole or in part with external public research funding. Because of the dominant role

of this type of funding in university budgets, the reform had wide-ranging implications

for all university researchers, although they could still claim ownership of inventions205

conceived during “open research”, i.e., research conducted without external funding.

The new legislation closed a decade-long effort to shift intellectual property rights

to research-based innovations from researchers to universities (Kutinlahti, 2005, p. 71).

The key argument of reformers was that university inventions were not utilized because

inventors did not have sufficient resources or that the ownership of inventions were too210
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easily subject to dispute (Government of Finland, 2004, p. 9). Moreover, universities of

applied sciences already owned intellectual property rights to employees’ inventions.

However, no report advocating the reform cited evidence or research assessing the ex-

tent of the supposed problem with utilization of research. In Finland, the reception to

the new legislation has been mixed, and no comprehensive evaluation of it has been215

carried out so far. The legislative reform was introduced in tandem with an increase

in public funding to support research commercialization activities at the universities.

Whereas the post-World War II academic culture in Finland took a skeptical view of

industry and industrial sponsorship of science, the academic world began to align itself

with the broader trend of liberalization and opening up Finnish society and the econ-220

omy since the mid-1980s. Since then, pressure in Finland to commercialize university

research has steadily increased, as has pressure on researchers to patent. One important

driver of this trend has been an increased role of external research funding for univer-

sities. Whereas in 1985 external research funding accounted for about 8 percent of

university budgets, in 2013 it was almost 60 percent (Statistics Finland, 2014).225

Several policy instruments have explicitly sought to facilitate commercialization

of research since the late 1990s. Tekes, the Finnish funding agency responsible for

technology and innovation under the auspices of the then–Ministry for Trade and In-

dustry, introduced a series of targeted programs (TULI) to support the transformation

of research based inventions at universities and public research institutes into business.230

Ever since, a central element in this early-phase funding scheme has been support for

inventors to apply for patents. The first program scheme (2002-2006) provided about

EUR 2.5 million in overall funding and reviewed in total about 1,000 research-based

inventions (Hjelt et al., 2006). The second program scheme (2007-2012) overlapped

with the enactment of the university patent reform and had a total value of about EUR235

50 million. It was an extensive national program that involved all universities and re-

search institutes. The initiatives, combined with the legislative reform of university

inventions raised expectations that they would lead to a substantial impact on licensing

and sales of intellectual property, but this seems not to have been realized (Ketonen

et al., 2013). A feature of Tekes support for research commercialization has been that240

VTT (the Technical Research Centre of Finland, a government-owned research insti-
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tute) has become its primary beneficiary. In addition to Tekes funding, the Ministry of

Education provided direct and indirect financial support for the development of univer-

sity patenting and research commercialization. Between 1999 and 2003, the Ministry

provided EUR 11 million to universities to this end, and in 2004-2006, the funding to-245

taled EUR 26 million (Tahvanainen, 2009). In sum, the direct and indirect support for

commercialization of research and patenting of academic research was at a significant

level well before the new legislation in 2007, but increased dramatically thereafter.

4. Empirical analysis

For our empirical analysis, we use as our base the DiD regression technique. DiD250

starts with the premise that there is a treated group, in our case the university sector,

and control group(s), in our case, institutes and the private sector. Treated and control

groups are observed both before and after "treatment," that is, the abolition of the pro-

fessor’s privilege. By comparing changes in the treated group before and after the pol-

icy change with the developments of the control group(s), any trend effect that is com-255

mon to all groups is eliminated. Our main outcome variable is a dummy for whether

an individual is listed as an inventor in a specific year. The key identifying assumption

in a DiD analysis is the presence of common trends, according to which, without treat-

ment, the main underlying trend would be the same in treated and control groups. In

practice, we implement this analysis by observing at which of the three groups (uni-260

versity/institute/private) individuals work, which is captured by dummy variables, and

a dummy is added for those who work in academia post-treatment. That last variable

is our main variable of interest.

There are several threats to identification. The most obvious concerns measurable

characteristics that can influence the outcome. The researcher might hope that inclusion265

of such control variables restores order in terms of a common trend. Routinely, year-

dummy effects are included. We also always include individual fixed effects that pick

up time-invariant factors, such as innate ability, which influence a person’s propensity

to patent. Later, we adopt a matched sample analysis using coarsened exact matching

(CEM) combined with DiD, in the same spirit as CZ and HJ, in order to standardize270
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the sample. For instance, it is mainly researchers in academia (and not administrative

staff) who are likely to patent, and this is likely linked to the type of education, age,

gender, and field of work. In the private sector, it is obvious that the vast majority of

individuals are very unlikely to patent and should not be in the control group. Matching

can therefore go a long way toward removing, in a non-parametric manner, influences275

that stem from such individual heterogeneity.

There are further problems with identification of the treatment effect. One of those

concerns the announcement of the reform prior to implementation. This makes the

situation in Finland different from that in Germany. In Germany, CZ argue that the

change in legislation came as a surprise and therefore that behavior would not have280

had time to adjust to it in advance. By contrast, the Finnish reform was announced

and known well beforehand. Academic researchers may therefore have reacted by

changing their behavior before the actual reform, which can lead to a change in the

outcome variable before treatment, commonly referred to as Ashenfelter’s (1978) dip.

The original example refers to a situation in which unemployed participants in work285

training programs see a drop in real income prior to their program participation. In

our case, a drop in patenting before the reform among university researchers would

constitute a violation to the common trends assumption, which cannot be accounted

for by the inclusion of additional control variables. Applying for a patent can be seen

as an investment for the inventor in which the return consists of future license income.290

News of the reform creates uncertainty about the returns for prospective applicants and

academic inventors, because if they file a patent application, the returns may end up

with the researcher’s employer after granting (in the future). Given that the duration

from application to the granting of a patent is typically around four years (Cohen and

Merrill, 2003, Table 1, p. 96), such increased uncertainty can be expected to stifle295

patent application activity.

They could also respond by changing their group of employment, or, conversely,

other individuals may enter academia because they are attracted by the possibility of

working with skilled university technology transfer officers. In essence, pre-treatment

behavioral change leads to a violation of the common trends assumption needed for300

identification in the DiD framework.
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Another difference with the German case is that the research institutes are more

difficult to motivate as a control group. This is because of the potentially strong dom-

inance of one actor, the VTT. For instance, the VTT may have had specific IP policies

that influence their outcome, which disturbs the comparison. For this reason, we will305

also compare university researcher patenting with that of firms. Yet again, there is a

complication that patenting may be influenced by the IP strategy of major patenting

firm(s). On the positive side, we can more easily deal with this, as there are many

other firms with which we can compare patenting development. In robustness analy-

ses, we deal with this by examining whether the results differ if we exclude the firm310

with the most patenting. Finally, as reported earlier, universities in the applied sciences

were not affected by the reform. Unfortunately, our data do not allow us to analyze

universities and universities in the applied sciences separately.2 Therefore, given that

we include applied science universities in the treatment group, our estimates might be

biased toward zero, although this bias is likely to be small.3315

4.1. Data

The most important piece of information for this project was data on Finnish inven-

tors that we compiled and organized by linking inventor data with employee registers.

This step is crucial and more difficult for countries in which universities generally do

not own patents. In fact, a distinct result of research in this area has been in showing320

that differences between European and US academic patenting can be explained largely

by these ownership patterns, in which patents on university inventions patents include

those with inventors working in academia but for which the patent owner is generally a

firm (or sometimes individuals) outside academia (Lissoni et al., 2008; Meyer, 2006).

Thus, to identify Finnish academic patents, we cannot rely on applicant information.325

An important difference in our identification of inventors is that we extensively rely on

their home address, a highly unique identifier, in combination with Statistics Finland

2We thank one of our reviewers for bringing this issue to our attention.
3Their impact on the estimates is likely to be small, given their low weight in overall R&D in the higher

education sector. According to data from Statistics Finland, their share was only a constant 9 percent in both

2004-2006 and 2007-2009.
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registers on the home address of the entire population, rather than the firm’s address. As

an example of "hidden" academic patents, prior to the new legislation in 2007, Finnish

universities applied for or held few patents (cf. Meyer, 2006). It has been estimated330

that, just before the new legislation, Finnish universities held 20 patents and had about

37 pending applications –of which 37 were from the Helsinki University of Technology

(Hjelt et al., 2006, p. 32).

For our purposes, we first extracted each patent record from OECD PATSTAT data

in European Patent Office (EPO) records listing at least one inventor with a Finnish335

address (henceforth, Finnish inventor). All records were sent to Statistics Finland for

linking with register data. The EPO records the full home address, which is almost

invariably listed, whereas other patent offices (e.g., the USPTO) typically list only the

name and city. Online Appendix A gives an overview of the different matching meth-

ods used. Basically, a large range of parameters was available for matching, including340

variants of the first name, different employers during the year, home address, and the

associated company listed on the patent. The last method could be used because Statis-

tics Finland had information on the companies where individuals worked, which could

then be used to uniquely identify individuals with a specific name. Statistics Finland

could also vary the year of its home address registry as the inventor address listed on345

a patent registered in a specific application year may not necessarily reflect the correct

address according to their register of the population in that year, say, if an individual

moved that year. The strictest matching methods, which demand matches on many

parameters, were used first and then successively fewer parameters were used. Exact

matching was used, which does not allow for spelling variations. One of the constraints350

set in matching was that only adults were allowed to be linked from the population

records. The final result was a nearly 91 percent match rate on Finnish inventors. To

these data were added information on whether the individual was working at a univer-

sity, an institute or a firm, and demographic characteristics from register data. Finding

out whether the individual was a university, institute, or a firm employee was not trivial355

and involved a judgement on the choice of indicator to use. To determine this, a priority

order was created in which information on firm affiliation, firm owner, legal form, and

NACE code was used. Online Appendix B gives more detail on this allocation.
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4.2. Descriptive information

Figure 1 plots the number of patent applications and the number of inventors among360

universities, institutes, and in the private sector (firms), with 1995 = 1. The figure has

several noteworthy features. Generally, the two series are similar in showing positive

trends among institutes and in the private sector. Strong dips in academia occur in the

period 2004-2005 for patent applications and in 2005-2008 for inventors. As these dips

(partially) occur before the reform in 2007, they suggest that university researchers may365

have reacted even before the reform—for for example, in 2004 when it was announced,

in line with our previous discussion.

Other clear patterns also emerge. For instance, we observe an extremely strong

positive trend among institutes. This could be the result of more active patenting be-

havior by the VTT—for example, of a changed patenting strategy or perhaps due to the370

movement of university researchers to the VTT following the reform. Indeed, follow-

ing an email inquiry, the VTT’s present IP manager confirms that campaigns to raise

disclosures were in effect in 2009-2010. He also indicates a second reason, a shift to-

ward higher-quality patenting, which would raise the level of patenting at the EPO after

the initial priority year. Second, the strong dominance in patenting in Finland by just375

one firm, whether including this firm or not, may have a large impact on the baseline

comparison. We consider this in our analyses.

Table 1 shows developments in the number of individuals linked to universities,

firms and institutes, number of inventors, and inventors as a share of all linked indi-

viduals by group. Over the period 1995-2010, we allocated nearly 5 million unique380

individuals to one of the three groups. We observe more than 13,000 individuals who

were ever inventors in 1995-2010, or 0.3 percent of individuals for whom we could de-

lineate an affiliation. Large differences in inventor shares exist among the three groups.

The highest share of inventors is found at institutes, about 1.6 percent, or more than

500 individuals. At universities, the corresponding share is 1.1 percent, or about 1,200385

inventors. Among firms, the share is the lowest, only 0.2 percent, but this corresponds

to nearly 11,700 inventors. Therefore, the incentives and motivations to be an inventor

and strategies toward patenting vary substantially by group, such as subsector and field

of research.
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Figure 1: Patenting (left) and inventor (right) developments among universities, institutes, and private firms

in Finland, 1995-2010.
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Figure 2: Finnish firm patenting with (solid line) and without (dotted line) the firm with most patenting.

< TABLE 1 ABOUT HERE >390

Large firms are more likely to have a greater influence on overall patenting in small

countries than in larger countries. This sensitivity is illustrated in Figure 2, which

shows inventor trends with and without the firm with the most patenting in our data.

Clearly, inventor developments rose much faster at the firm with the most patenting

than for other firms until about 2005. After 2005, the number of inventors started to395

decline overall and did not pick up until 2010. Removing this firm shows a much more

consistent pattern. With the exception of the slump in patenting in 2001-2004, inventor

rates rose throughout. Later, we run our regressions, removing the biggest firm from

the analysis to gauge how this affects our results.

4.3. Regression analyses400

4.3.1. Difference-in-differences regressions on the full sample

Our first set of estimated regressions takes the form:

Patit = α+β0Postt+β1Unii+β2Unii·Postt+β3Insti+β4Insti·Postt+εit (1)

where Patit is a count variable that shows on how many applied patents in year

t an individual i is listed as an inventor. Postt takes a value of 1 beginning in 2007,

16



and Unii is the treated group of individuals, that is, university researchers, Insti is405

a dummy for institute employees, with firm employees in the omitted category. We

chose patent counts as our main outcome variable, as it also takes the heterogeneity of

patenting into account. Our individual panel regressions modify this slightly as

Patit = β1Unii+β2Unii ·Postt+β3Insti+β4Insti ·Postt+ γi+λt+ εit (2)

where, β0Postt is fully accounted for through year-fixed effects, λt. We also in-

clude a full set of individual fixed effects γi to account for time-invariant heterogeneity410

among individuals that absorb α. Individual-fixed effects are redundant only when in-

dividuals do not change to another group (and hence Unii, Insti are time invariant).

Therefore both sets of variables are initially included, and we later examine the effects

of the reform on mobility out of academia.

One threat to identification in DiD frameworks concerns violations of common

trends. This can happen if, for instance, the rate of patenting increases more rapidly

among university employees before the reform than in other groups. Post-reform

patenting in relation to other groups would then appear to be an increase, in which

this would result only as part of a persistent trend. Of greatest concern for our case is

the pre-announcement of the reform and strong institute trends. A simple way to test

for pre-reform trends is to multiply group effects by a trend variable and add them as

separate variables (Angrist and Pischke, 2009; Besley and Burgess, 2004):

Patit = β1Unii + β2Unii · Postt + β3Insti (3)

+ β4 (t · Unii) + β5 (t · Insti) + γi + λt + εit

where t is a time trend variable. A change in our coefficient of interest β2 because415

of the inclusion of the trend variable suggests that post-reform changes are mainly due

to trend effects. Table 2 reports the regressions based on equations (2) and (3). The

models are estimated using the Poisson model with individual-fixed effects. The first

presented regression suggests that university employees invent more after the reform in

2007. However, as we suspected, including trend effects alters the coefficient, turning420

it insignificant in the second regression (model 2). It is clear that we have to look much

further into our data.
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< TABLE 2 ABOUT HERE >

4.3.2. Matched sample regressions

Our first set of regressions revealed that trend effects were important, but it is not425

clear exactly why. We now turn to matched sample analyses, which reduces problems

in interpretation that depend on the composition of treated and non-treated groups.

For instance, different individuals may react differently to the reform, and it could be

that the group composition in populations systematically leads to differences that have

nothing to do with the reform. It could also be that changing to a matched sample430

reduces the trend problems observed above. A first step is to examine the education

characteristics of inventors at universities, firms, and institutes, as we know that in-

ventive activity is highly dependent on the level of education (Giuri et al., 2007; Jung

and Ejermo, 2014; Toivanen and Väänänen, 2015). Tables 3-4 show education data for

individuals who were ever inventors, at the time of their first invention.435

< TABLE 3 ABOUT HERE >

< TABLE 4 ABOUT HERE >

Table 3 shows that the education background of most inventors is in technology

fields, followed by the natural sciences and then health-related fields. About 4 percent

of inventors came from other education backgrounds. In relative terms, technology440

education is more common among firm inventors, health-related education is more

common among university inventors, and agriculture and forestry education is more

common among institute researchers, where this is more common than health-related

backgrounds. Table 4 also shows that most inventors, in particular at universities, are

very highly educated. In fact, 56 percent of university inventors have a PhD (or the445

equivalent) education, and only 7 percent have less than higher-degree tertiary educa-

tion. This indicates that inventive activity in academia is generally closely linked to

research. It is therefore natural to derive our matched sample by retaining university

individuals with a technology, natural sciences, or health-related education and those

with higher-degree tertiary education or higher. This means that our matched samples450

consist of individuals with the highest propensity to invent.
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Following recent papers in the literature that use individual patent and publication

data (e.g., Azoulay et al., 2010), we use a routine called coarsened exact matching

(CEM) in Stata, which allows the researcher great flexibility in the matching process

in choosing between exact or non-exact matching. CEM also has the advantage of455

guaranteeing common support over the entire distribution, whereas, in more standard

propensity score matching, this has to be checked after matching. We use one-to-one

matching for the purpose of finding for each university employee a similar individ-

ual in the other groups. Our strategy of focusing on highly educated university em-

ployees who are more likely to invent is in line with other recent contributions. CZ460

used propensity scores to match German professors to "nearest neighbors," choosing

as match parameters publication counts, publication subject field, and career age. HJ

used propensity scores to find the single-nearest neighbor to each university-employed

PhD. They matched on PhD type, gender, and marital status.

Lacking data on publications, we use the following matching criteria: exact match465

on gender, education type and education level, and coarsened matching on age and cu-

mulative patent count. We attempted to construct three matched samples, in which we

matched (a) university employees with institute employees; (b) university employees

with firm employees; and (c) same as (b) without including firm employees from the

firm with the most patenting in the control group. For all matched samples, we use the470

characteristics of employees in 2003. Table 5 shows descriptive data in 2003 for all in-

dividuals by group. This table makes it clear that the institute population is quite small

in relative terms. Furthermore, when we attempt to match with institute researchers,

we end up with only 3,252 matched pairs, much less than when we draw the control

individuals from the firm population, in which we match 8,850 pairs. Combined with475

the earlier recognition that the institutes are so strongly dominated by one actor, we

continue the analyses using only the (b) and (c) matched samples.

Table 6 shows descriptive data for the firm matched samples. For secrecy reasons,

we cannot show the descriptive data on how excluding the firm with the most patenting

changes the characteristics. The resulting matching properties show that in the main480

firm-matched sample (b), 39 percent have a technology education background, and 45

percent have a natural sciences background. Health education background is at 16 per-
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cent. Thirty-seven percent of the individuals have a PhD-level education. The average

age is 38. The firm matched sample raises the average share of individual inventors

from close to zero in the general population of firm employees to 2 percent. It also485

raises the cumulative patent application rate to an average of 0.15. The corresponding

shares in the general population is close to zero for an individual patenting in 2003 and

0.01-0.06 for cumulative patent application counts, depending on the group.

< TABLE 5 ABOUT HERE >

< TABLE 6 ABOUT HERE >490

Table 7 reports on matched sample estimations using Poisson regressions and the

setup in equation (2). We include the firm with the most patenting in models 1-3 and

exclude it in models 4-6. We follow equation (3) by including trend effects in models

2 and 5. We see that, compared to firm employees, the rate of patenting by univer-

sity employees drops by 22 percent (model 1) when we include the firm with the most

patenting, and by 29 percent (model 4) when we exclude it. The inclusion of trend

variables changes the result quite dramatically when we include the firm with the most

patenting (model 2), in which the coefficient turns positive but is not significant. In-

stead, when we exclude the firm with the most patenting, the effects remain almost

identically negative at -29 percent (model 5). It remains significant at the 5 percent

level. These conflicting results suggest that researchers may either have changed be-

havior prior to the reform or that the firm sample without the firm with the most patent-

ing is the more relevant one. In order to get a better understanding of the existence

of pre-reform behavior and post-reform dynamics, we include lead and lag effects for

the treated university researchers (cf. Angrist and Pischke, 2009; Granger, 1969). This

is done by augmenting equation (2) with university-specific year effects and removing

the Unii · Postt term (as it is captured by the lag effects) as in:

Patit = β1Unii + β2Insti + γi + λt

+

4∑
τ=1

δ+τDi,t+τ +

3∑
τ=0

δ−τDi,t−τ + εit (4)

The first summation term captures dummies for lead effects in 2003-2006 for the uni-

versity sector, and the second summation term captures post-reform period year effects
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(2007-2010) for the university sector. The estimated models are given as models 3 and

6 (with/without the biggest firm). Gauging from model 3, we see that there is some

evidence of pre-reform changed behavior since the leading effects for both 2005 and495

2006 (and also 2004 to some extent in model 6) are strongly negative and significantly

different from zero, even without the firm with the most patenting. This makes it plau-

sible that university researchers reacted upon announcement of the reform by reducing

their inventive activity.

4.3.3. Shifting the reform start period500

We have now seen that there might be a pre-reform decline not explained by de-

mographic composition. This means that the start of the reform period becomes debat-

able. In particular, word of the 2007 reform that surfaced in 2004 could have affected

the patenting behavior of Finnish university researchers. We now modify our analysis

to change the pre- and post-periods such that "before" ends in 2003 and "after" begins505

in 2004, that is, the year of the announcement. With this change, and using the same

regression setup as earlier, in Table 8 we find a significant negative effect on researcher

patent counts by 37 percent for the full sample, after 2004 (model 1). Including trend

variables (model 2) again renders the reform effect insignificant for the full matched

sample. The lead and lag effects indicate, as before, a strong effect for 2005 in models510

3 and 6, but no pre-2004 changes in behavior. For the models in which we exclude the

biggest firm, we find a 46 percent decline in patenting in model 4 from 2004 onward.

This strongly suggests that the firm comparison should be made without the firm with

the most patenting. Apparently, this firm’s patenting pattern deviates from that at other

firms and has had strong swings over time. Also, lead and lag effects show a consis-515

tently significant negative effect, at the 10 percent level, in each of the years 2005-2010

in model 6. They are barely affected by the inclusion of trend effects, as before. In sum,

these results indicate a strong effect on patenting by university employees. Combined,

the results in model 5 from Tables 7 and 8 suggest a decline in patenting of about 29-46

percent, depending on whether we include the announcement period in the comparison.520

< TABLE 7 ABOUT HERE >

< TABLE 8 ABOUT HERE >
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4.4. Robustness analyses

We have found evidence that, although the setting for Finland differed in many

respects from the main comparison cases, the main results were similar. But we have525

also seen that the announcement of the reform seemed to affect university researcher

patenting prior to the reform. We now conduct additional analyses of4 (1) those who

leave academia ("leavers"), and (2) the role of technology transfer (TULI) funds that

accompanied the reform.

4.4.1. Leavers from academia530

Budding inventors may have chosen to remain in or leave academia because they

anticipated changing conditions for invention in academia—for instance, as a result of

increased "taxation" on academic patenting. Alternatively, inventors may have chosen

to leave academia after the reform was implemented, after the practical consequences

became clear. Ideally, one would somehow redo the regressions to examine whether535

patenting behavior changed in any way. But it is not trivial to use a DiD framework to

define to which group a "leaver" belongs. Instead, it is more straightforward to re-run

the regressions on those who remain ("remainers"). However, if we define a remainer

as someone who worked in the same group throughout the 2003-2010 period, using

the main firm-matched sample, we lose more than 80 percent of observations, creating540

great difficulty in generalizing the results. We therefore pursue a different and arguably

more direct analysis by making mobility (whether one leaves) the outcome variable

itself and therefore examine whether mobility changes as a result of the reform. The

hypothesis here is that university employees, in general, are not necessarily affected by

the reform, but that individuals with invention experience might leave the university545

sector. Our first regression, shown in Table 9, model 1, shows year-by-year effects for

all university employees (in all regressions, we retain only observations of those who

leave the university sector for the first time). The baseline, captured in the constant

term, is the period before 2004. Clearly, mobility shows an increasing trend over the

4One extension could have been to analyze the effects on citation-weighted patents or other patent-quality

characteristics. Unfortunately our data has only very incomplete coverage of quality characteristics.
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years 2004-2010. This is unlikely to be the result of the patenting reform but could be550

the result of, for example, funding systems. However, cohort effects should be captured

in the individual-fixed effects included. Model 2 looks only at university employees

who have invented. We also see a slightly increasing trend in mobility for this group,

but it is not as strong as for the general group of university employees. Therefore,

any increased mobility among inventors may be the result of a general increase in555

mobility by university employees. We directly test whether inventors are different

from the general population of university employees in model 3, in which we add year

dummies interacted with a dummy for whether the individual has invented. Significant

interaction effects would indicate that inventors have a different propensity to leave

than the general group of employees. We find only three significant effects. For 2004,560

we find a weakly positive and significant effect for inventors, but for 2009 and 2010 it

is negative and quite significant. The effect for 2010 is substantial, but it seems hard

to link these year effects to the reform in 2007. The general conclusion is therefore

that mobility among inventors was not the primary cause for the drop in university

patenting.565

< TABLE 9 ABOUT HERE >

4.4.2. Does technology transfer funding matter?

We have already reported that, in 2007, concomitant to the abolishment of the pro-

fessor’s privilege, Finland increased funding for technology transfer from so-called

TULI funds from EUR 2.5 million in 2002-2006 to EUR 50 million in 2007-2012. Did570

it help in boosting patenting? According to our earlier results, we have found dramatic

drops in patenting. However, TULI funds may have helped mitigate an otherwise much

more negative trend. To examine this, we collected data on the sources of university

R&D funding. Although Finland was severely affected by the economic crisis in 2008,

it is noteworthy that government research funding for universities increased by 16 per-575

cent in 2007-2009 compared to 2004-2006. Thus, financial constraints are unlikely to

explain the downturn in university patenting that we have uncovered so far.

TULI funds are administered by Tekes, and unfortunately we do not have informa-

tion on TULI funds as such, only the total level of Tekes funds. Tekes funds account for

23



a constant 8.9 percent of university funding, but there is substantial variation. In gen-580

eral, technically oriented universities attract more Tekes funding, and so do (somewhat

surprisingly) the Hanken School of Economics and the Helsinki School of Economics,

especially in the later period. Since we cannot separately analyze the TULI contribu-

tion, we look for evidence of whether Tekes funds, broadly, were associated with a

greater decline in patenting. To test for this, we create a dummy variable with a value585

of 1 after 2007 if the following conditions are met: (a) Tekes funds are a substantial

share of all R&D funds, (b) the nominal level of Tekes funds increased substantially

in 2007-2009 compared to 2004-2006, and (c) technical, natural sciences, or medical

research must be taking place at the university, contributing to patentable research.

Five universities clearly satisfy these conditions: Helsinki University of Technology,590

University of Oulu, Tampere University of Technology, Åbo Akademi University, and

Lappeenranta University of Technology. All these universities (a) had Tekes shares in

2007-2009 of more than 10 percent, (b) increased Tekes funds more than 15 percent,

and (c) hosted faculties that could produce patentable research.

We then coded a variable ”HiTekes” as 1 for researchers active at those universi-595

ties and re-ran the firm matched sample regression with and without the biggest firm

(cf. Table 7), including this dummy. The result is shown in Table 10. The dummy

HiTekes effectively captures any differential effect on patenting that distinguishes uni-

versities highly supported by Tekes funds after 2007 from other universities. First, it

should be noted that the result for the Dummy (2007- x university) is largely unchanged600

compared to Table 7, that is, those results are stable with the inclusion of the HiTekes

dummy.

Second, the coefficient for HiTekes is never significant. Although it is positive in all

four cases, the standard errors are relatively large. This means that we cannot discern

any specifically strong effect on the five universities after 2007 mentioned above that605

are not captured by individual characteristics or any of the other variables. Note that we

would not have made any causal claim on statistically significant coefficients in these

regressions. For instance, universities with strong patenting may well be more able

to attract additional Tekes funds. This reverse-causality argument should, however,

have led to a biased and more positive coefficient, if patenting and Tekes funds are610
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positively correlated. This bias in effect emphasizes even further that no specific Tekes

effect occurs after 2007, although the effect of Tuli funds specifically is not addressed.

< TABLE 10 ABOUT HERE >

5. Conclusions

This paper aligns with earlier evidence on the abolishment of the professor’s priv-615

ilege in Germany and Norway, providing individual-level longitudinal information on

the level of patenting. The Finnish case is a bit different, because of a clear pre-reform

announcement. Also, the comparison with institutes is hard to justify because of a fairly

small comparison group. For firms, we have chosen to exclude the firm with the most

patenting from our comparisons. After these considerations, we show that the evidence620

for Finland demonstrates a decline of 29 percent if we set the reform year to that of the

change in patenting rights in 2007, but a decline of 46 percent if we set the reform year

artificially at 2004—that is, we include the announcement period before the reform as

part of the change. As noted earlier, these estimates probably somewhat underestimate

the negative effect, as we cannot remove applied science university researchers (which625

never had a professor’s privilege) from the estimations, although this effect is likely to

be small. These results put Finland in between but also in line with the evidence in

Norway (-48 percent) and Germany (-19 percent), as found by Czarnitzki et al. (2015)

and Hvide and Jones (2016).

We also analyzed, first, whether mobility among researchers could explain the630

Finnish decline and, second, whether technology transfer funds helped mitigate the

negative effects. We find no evidence that mobility among inventors increased sub-

stantially, at least not relative to the general group of university employees, although

we see an increasing trend of outward mobility among university inventors (and non-

inventors) over time. We also find no strong evidence that technology transfer funds635

changed patenting outcomes relative to recipients who did not receive increased funds,

although these results build on somewhat imprecise data.

Given the reform’s negative impact on university patenting, we can consider its

feasibility and broader potential implications for incentives for university researchers
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to invent. Should the reform be reversed? Almost a decade has passed since its in-640

troduction, and the potential effects of a reversal should receive careful consideration.

Moreover, by now, the universities have had sufficient time to implement new research

commercialization practices. Most importantly, our study does not cast any light on re-

cent developments, something that would be necessary to consider in any major policy

reform.645

However, it is clear that the immediate outcome of the reform, the negative impact

on patenting, was the exact opposite of what had originally motivated it and thus calls

into question the extended policy-making process that led to it. Clearly, such sweeping

policy reforms should be preceded by more careful and analytical preparatory work,

especially as the literature on technology transfer and research commercialization has650

identified several fundamental problems with university ownership. For Finland, and

other countries, it is imperative to create sustainable incentives for scientists to engage

in inventive activity and thereby contribute to technical change in the economy.
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Table 1: Developments in employees, number of inventors, and inventor shares by sector, 1995-2010.

1995-2010

all (A) inventors (B) B/A B/Total

Universities 109,990 1,201 1.1% 9.0%

Institutes 33,066 530 1.6% 4.0%

Firms 4,816,761 11,685 0.2% 87.1%

Total 4,959,817 13,416 0.3% 100.0%

2003-2006

all (A) inventors (B) B/A B/Total

Universities 50,077 426 0.9% 8.2%

Institutes 16,974 167 1.0% 3.2%

Firms 3,968,455 4,626 0.1% 88.6%

Total 4,035,506 5,219 0.1% 100.0%

2007-2010

all (A) inventors (B) B/A B/Total

Universities 50,046 396 0.8% 6.8%

Institutes 16,121 261 1.6% 4.5%

Firms 4,052,867 5,197 0.1% 88.8%

Total 4,119,034 5,854 0.1% 100.0%
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Table 2: Poisson difference-in-differences regressions on the full sample.

(1) (2)

VARIABLES Patent applications in t Patent applications in t

Dummy (2007- x university) 0.317*** 0.128

(0.0783) (0.104)

Trend x university -0.00187

(0.0165)

Trend x institute 0.0265**

(0.0114)

Observations 182,321 182,321

R2 0.000 0.000

Unique individuals 13,108 13,108

University/insitute/private sector FE YES YES

Individual FE YES YES

Year FE YES YES

Standard errors, in parentheses, are clustered by individual.

*** p<0.01, ** p<0.05, * p<0.1
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Table 3: Education field for inventors at the time of first invention.

Sector

Education field Firm Institute University Total

Natural sciences 1,060 141 340 1,541

% 9.81 27.38 30.41 12.39

Technology 7,767 321 517 8,605

% 71.88 62.33 46.24 69.18

Agriculture 185 26 12 223

and forestry % 1.71 5.05 1.07 1.79

Health 303 20 178 501

% 2.80 3.88 15.92 4.03

Other/unknown 1,491 7 71 1,569

% 13.80 1.36 6.35 12.61

Total 10,806 515 1,118 12,439

% 100.0 100.0 100.0 100.0

Table 4: Education level for inventors at the time of first invention.

Sector

Education level Firm Institute University Total

Upper secondary 1,597 14 61 1,672

% 14.78 2.72 5.46 13.44

Lowest-level tertiary 968 7 7 982

% 8.96 1.36 0.63 7.89

Lowest-degree tertiary 2,312 15 11 2,338

% 21.40 2.91 0.98 18.80

Higher-degree tertiary 4,879 250 412 5,541

% 45.15 48.54 36.85 44.55

PhD (or equivalent) 1,050 229 627 1,906

% 9.72 44.47 56.08 15.32

Total 10,806 515 1,118 12,439

% 100.0 100.0 100.0 100.0
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Table 5: Characteristics of all individuals in Finland allocated to a firm, institutes, or universities in 2003.

Firms Institutes Universities

Variable mean sd N mean sd N mean sd N

Inventor specific year .00 .02 2,840,482 .00 .06 9,729 .00 .06 33,487

Appl pat. cumul. .01 .22 2,840,482 .06 .58 9,729 .04 .52 33,487

Age 41.71 16.39 2,840,462 43.54 10.55 9,729 39.57 11.59 33,487

Female .46 .50 2,840,462 .49 .50 9,729 .53 .50 33,487

Natural sciences .01 .12 1,742,549 .20 .40 8,902 .16 .36 31,149

Technology .35 .48 1,742,549 .31 .46 8,902 .18 .39 31,149

Health .08 .27 1,742,549 .06 .24 8,902 .07 .25 31,149

Higher-degree tertiary .07 .25 1,742,549 .35 .48 8,902 .38 .48 31,149

PhD education .00 .07 1,742,549 .18 .39 8,902 .24 .43 31,149

Table 6: Firm-university matched sample descriptive data for 2003.

N=8,850 Firms Universities

Variable mean sd mean sd

Inventor specific year 0.02 0.12 0.01 0.10

Appl pat. cumul. 0.15 0.72 0.11 0.65

Age 38.03 10.78 37.95 10.80

Female 0.38 0.49 0.38 0.49

Natural sciences 0.45 0.50 0.45 0.50

Technology 0.39 0.49 0.39 0.49

Health 0.16 0.37 0.16 0.37

Higher-degree tertiary 0.63 0.48 0.63 0.48

PhD education 0.37 0.48 0.37 0.48
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Table 9: Mobility of university employees.

(1) (2) (3)

VARIABLES All univ Invented All univ

Constant 0.095*** (0.000) 0.062*** (0.004) 0.095*** (0.000)

Dum 2004 0.006*** (0.002) 0.002 (0.011) 0.005*** (0.002)

Dum 2005 0.095*** (0.002) 0.059*** (0.012) 0.096*** (0.002)

Dum 2006 0.065*** (0.002) 0.050*** (0.011) 0.066*** (0.002)

Dum 2007 0.088*** (0.002) 0.069*** (0.012) 0.088*** (0.002)

Dum 2008 0.102*** (0.002) 0.085*** (0.012) 0.102*** (0.002)

Dum 2009 0.101*** (0.002) 0.077*** (0.012) 0.102*** (0.002)

Dum 2010 0.165*** (0.002) 0.088*** (0.011) 0.168*** (0.002)

Dum 2004 x invented 0.017* (0.010)

Dum 2005 x invented -0.016 (0.011)

Dum 2006 x invented 0.001 (0.011)

Dum 2007 x invented 0.001 (0.012)

Dum 2008 x invented -0.010 (0.011)

Dum 2009 x invented -0.024** (0.011)

Dum 2010 x invented 0.165 0.088 -0.087*** (0.010)

R2 0.0004 0.0003 0.0003

Individual FE YES YES YES

Observations 575 138 10 166 575 138

Unique individuals 109 908 1 891 109 908

Standard errors, in parentheses, are clustered by individual.

*** p<0.01, ** p<0.05, * p<0.1
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Table 10: Testing for TULI effects.

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

With big Without big

VARIABLES lead/lags lead/lags

HiTekes 0.0132 (0.187) 0.0348 (0.200) 0.0930 (0.190) 0.120 (0.198)

Dummy (2007- x university) -0.226 (0.141) -0.355*** (0.135)

Dum 2003 x university (SE) 0.318 (0.205) 0.262 (0.234)

Dum 2004 x university (SE) 0.229 (0.191) 0.240 (0.223)

Dum 2005 x university (SE) -0.0978 (0.194) -0.151 (0.222)

Dum 2007 x university (SE) 0.0873 (0.264) -0.0915 (0.240)

Dum 2008 x university (SE) -0.136 (0.232) -0.319 (0.257)

Dum 2009 x university (SE) 0.0899 (0.244) -0.0585 (0.271)

Dum 2010 x university (SE) 0.0981 (0.220) -0.0161 (0.239)

University/institute/private sector FE YES YES YES YES

Individual FE YES YES YES YES

Year FE YES YES YES YES

Observations 24 667 24 667 20 433 20 433

Unique individuals 1 654 1 654 1 375 1 375

Standard errors, in parentheses, are clustered by individual. *** p<0.01, ** p<0.05, * p<0.1
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