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ABSTRACT:

In the large and complex debate related to the creation, diffusion and protection of academic
research results, this paper intends to understand the characteristics of academics involved in
the knowledge creation as measured by publications and patents. Moreover, it aims to produce
some piece of evidence that it is possible to manage patenting activity without jeopardizing
publishing.

Analysing the publishing and patenting activity of the 326 faculty members of the School of
Engineering at Columbia University between 1970 and 2005, we find out that more than the
Bayh-Dole Act, it is the implementation of the IP policy at Columbia University that has
created an incentive to patent at the engineering school. We also find out that the probability
and propensity to patent is influenced by the scientific production of a researcher, his contacts
with industry but also his mindset towards patenting.

Analysing the scientific productivity of the researchers, we confirm that heterogeneity in the
career might deter the productivity of a researcher. We find that scientific collaboration with
industry and technological collaboration on application-oriented projects with public or
industrial partners had a positive impact on the probability to be among the best scientists.
Finally our results suggest that patenting activity undertaken by Columbia University does not
divert academics from publishing and relay the recent findings of the literature.
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1. Introduction

It is far away the time when a faculty member was considered as an alien when he was
applying for a patent. Since the Dayh-Dole Act, academic institutions in the United States
have been allowed and encouraged academics to patent the results of publicly funded
researches.

Starting in the USA, this patenting phenomenon has been spread out worldwide. Today
around the world, indubitably universities know that they might patent their research results.
As a consequence of what, they have created technology transfer offices to manage the
valorisation of their science.

This quite sudden attractiveness for patents at university and the quick move in the arena of
the intellectual property valorisation has fostered many scholars to analyse and debate about
the effects and the consequences of this new propensity to apply for patents. (e.g.: Henderson
et al. 1998; Mowery and Sampat, 2001a; Nelson 2001; Geuna and Nesta, 2006; Sapsalis et
al., 2007).

Some researchers have analysed the impact of academic research in the industry (Eg: Laursen
and Salter, 2004; Mansfield, 1991, 1995; Mansfield and Lee, 1996; McMillan et al., 2000;
Narin et al., 1997).

Other groups of scholars have described the emergence of these academic technologies and
their valorisation through spin-offs, licenses, patents or research contracts. (ex.: Bercovitz ef
al.,2001; Jensen and Thursby, 2001 and 2004; Lerner, 2005; O’Shea et al., 2005; Thursby and
Thursby, 2003a, 2003b and 2004; Thursby and Kemp, 2002; Thursby ef a/ 2001; Jensen et
al., 2003; Sine et al,, 2003; Shane, 2004a and 2004b).

Some others have explained how to better manage technology transfer from academia to
industry (E.g.: Siegel ef al, 2003a, 2003b, 2003¢ and 2004).

But beyond the management of technology transfer and the use of academic inventions, many
other concerns related to the role of university, the quality of these patents or the risks to
endanger its first two missions have been pin pointed recently.

Some scholars have been debating about the fact that by patenting at a too early stage every
academic invention, university could endanger the research and the dissemination of science
and endanger the process of innovation in some fields like genetics (Eg: Walsh e al, 2003;
Sampat, 2004; Malakoff, 2004; Jensen and Murray, 2005).

Other authors have analysed if the new increase witnesses a higher propensity to patent
inventions of lower quality or value and have asked why academia should take part to the
patenting game when only a few patents are really valuable and induce large licensing
incomes. (Henderson et a/, 1998; Mowery et al., 2001; Mowery and Ziedonis, 2002; Sampat
et al.,, 2003; Sapsalis e al, 2006).

Finally, other researches have analysed if academic patenting was not detrimental to the
traditional missions of the university by diverting the researcher from more basic research,
delaying academic publishing activities or affecting its quality. (Eg: David, 1999 and 2000;
Nelson 2004; Thursby et al., 2005) putting both current and future innovation at risk.



This paper analyses the evolution of the scientific and patenting activities of 328 faculty
members of the Fu Foundation School of Engineering and Applied Sciences at Columbia
University between 1970 and 2005. It intends to analyse the global patenting activity of
academic researchers. A first question to be answered: what is the real effect of the Bayh-
Dole Act on the global patenting activity of the researchers?

Using patent and paper data, this paper analyses the characteristics of academics involved in
the knowledge creation as measured by publications and patents. Doing so, this paper aims to
contribute to the debate about the risk of diverting academic researchers from publishing
when faculty is involved in patenting activity. It analyses if patenting is detrimental to
publishing and vice versa.

The paper is structured as follows. Section 2 settles the debate about the dangers of academic
patenting. Section 3 presents the databases and some descriptive statistics about the activities
of Fu Foundation School of Engineering and Applied Science at Columbia University.
Section 4 describes the models to be implemented and leads to the results of section 5. The
last section concludes.

2.  Background

Many important inventions and innovations have to find their roots at university. From a new
drug against cancer to the new microchip, we all know one example of an invention that has
been publicly funded and disclosed by an academic researcher. Because of the knowledge
spillovers, the low appropriability of certain research results, the low economic value of early-
stage research, government have palliated the corporate underinvestment in basic research by
funding universities. As a result of what, university has been seen by the public as the temple
of knowledge and has been asked to challenge our minds, open new perspectives for science
and for the human kind.

For a long time, because academic research was publicly funded, the question of the
protection of its results has been evaded. The royal path for science was publication. The
Open Science Model was the unique model for the diffusion of science (e.g. Eisenberg and
Nelson, 2002)". To a large extent, universities were participating to the promotion of socio-
economical progress through the advancement of science as measured by publications,
conferences or presentations.

The Bayh-Dole Act has changed the rules. By empowering university to protect the results of
publicly funded researches, the Bayh-Dole Act has created the legal frame for the
development of patent portfolios at university (E.g.: Mowery et al, 2001; Mowery and
Sampat, 2001a)

But the appropriation and the commercialisation of academic research results wouldn’t have
encountered such success if the Bayh-Dole Act was not concomitant to the emergence of new
technologies like biotechnology, nanotechnology, computer sciences (e.g. Mowery and
Sampat, 2001b).

' By all time, some academic researchers have maintained good relations with industry. Engineering schools, for
instance have often collaborated with industry through research contracts or through consultancy. However,
publications in top scientific journals were and are still the standard for peer recognition.



The specificity of these fields is the tiny border between the stage of basic research and the
stage of application. Scientific and technological advances are closely related. For example,
the involvement of star scientists (mostly academics) in biotechnological companies has
shown a large positive impact on the corporate research productivity, on the corporate patent
portfolio and product development and commercialisation (Zucker and Darby, 2001; Zucker
et al, 1998, 2002). For those sciences, the linear model of science is dead. Stokes (1997)
argues that a considerable part of research is located in the “Pasteur’s Quadrant’ — being basic
in nature but also of relevance to application.

Accordingly to these evolutions, universities encouraged by law started to apply frenetically
for patents. Lach and Schankerman (2003) report that the number of patents granted to
academic scientists has exploded from 500 in 1982 to more than 3100 in 1998.

But the relaxation of patent standards, the strengthening of patent protection, the co-evolution
and the strong and close relation between science and technology in certain fields have alerted
many scholars about this trend to patent any research output with some potential utility.

And this recent appropriability of academic results has been highly questioned specifically in
the fields related to health.

Three types of criticisms have been formulated against this new appropriability since
academic patents can be seen as:

- An additional socio-economical cost
- A threat to the creation and a threat to diffusion of new knowledge

2.1. An additional economical cost
Should not academic science benefit everyone and be privatised because it is funded publicly?

The answer to this crucial question is not easy. Many arguments, often antagonist might be
presented.

On one side, it was argued that university patents would help to facilitate technology transfer
from university to industry and thereby would increase the socio-economical return of public
research.

In the economic theory, the patent system has been presented as the institutional answer to
some “market failure”. If traditionally, rationale for patent protection is to motive innovation
and creation through investment in R&D, the logic is quite different for academic patents.
Academic researchers are paid to conduct research. The logic hidden in academic patents is
not to innovate but to create an incentive for industry to develop the academic technology
(Mazzoleni and Nelson, 1998). For Mazzoleni and Sampat (2002), the previous argument is
however only valid when “development is costly or difficult, not when the outputs of
university research are immediately useful to firms, either directly or indirectly. In the latter
cases, allowing for patents on publicly finded discoveries and inventions would create ex post
nefficiencies without apparent social benefit, i.e. would lead to reductions in social welfare.”



Examples (see Sampat, 2006) exist where technology transfer happened in spite of and not
because of university patenting and licensing. In these cases university has simply taxed the
industry and finally the consumer has paid twice for the use of the technology.

Nevertheless if we accept the first statement that academic patents could help to transfer a
technology, the diffusion and access to those patents should also be questioned. Should the
university accept to grant exclusive licenses? Should we accept the fact that a single company
will be given the advantage of intellectual property developed under taxpayer funding?

The question is extremely complex and the answer to that question could differ from case to
case. First it should be reminded that the university's share of the royalties must be reinvested
into its research and educational activities and so a part of the royalties are going back to the
society. In addition, in some fields (like drug development), the protection of some research
results seems compulsory if the university wants to find a corporate research partner to
develop and commercialise its technology. Universities pointed out that the exclusive licenses
are imperative for the development of early-stage technology. In that sense Nelsen (1998)
reminds that “the commercial licensee must devote substantial time and money to attempt to
develop the technology, with no guarantee that it will be successftill. Exclusive licenses are an
inducement and reward for a company willing to step forward and take such a risk-knowing
that if it succeeds in the development, the exclusive license will protect it fiom more risk-
averse competitors.”

But Mazzoleni and Sampat (2002) underlines that the history of sciences provides many
examples of technologies (e.g., laser, transistors, radio) that “appeared first in a rather
primitive state and whose later development occurred in - and perhaps was facilitated by — an
environment where the initial inventors did not use their intellectual property rights to
prevent others firom pursuing related development activities (Rosenberg 1996, Merges and
Nelson 1994). These examples of embryonic technology development uncover the mistaken
nature of a general presumption that embryonic technologies emanating from university
research will languish on the shelf of public knowledge as the lack of exclusive control rights
frustrates the possibility of their further development.”

As a matter of fact, the question is not clear-cut. To our knowledge, except from some case
studies, no or little quantitative evidence exist. Most probably, some universities might have
the temptation to grant exclusive licenses more than required, mainly because technology
transfer offices are driven by licensing objectives (Thursby et al. 2001). In that sense,
following Mazzoleni and Sampat (2002), we could stress out the need (at the level of the
university) for a careful identification of the domain of academic research where the net social
benefits of university patenting are likely to be positive.

2.2. A threat to the creation and to the diffusion of knowledge

Besides to the questions of valorisation and of the transfer of technology, many authors have
been worried about the fact that the codification and the appropriation of academic results
through patents could jeopardize the creation and the diffusion of new knowledge in the
emerging fields where university is used to patent.



Geuna and Nesta (2006) highlight five possible negative impacts of academic patenting to
worry about:

- The lock that patents represent for future scientific investigation

- The reallocation of resources from more fundamental research to a more application

oriented research.

- The threat to teaching quality

- The danger for the culture of open science

- The substitution effect between publishing and patenting
The first concern is not specific to university but to the patenting of emerging technologies in
which university is active (Merges and Nelson, 1990; Scotchmer, 1991). This worry finds its
essence in the present movement towards stronger patent protection. This phenomenon may
hinder rather than stimulate technological and economic progress. Mazzoleni and Nelson
(1998) plead that strong broad patents should not be granted lightly. Similarly they remind
also the danger to protect ideas. Traditionally the usefulness of an invention was embedded in
its potential practical use and not in its promising research potential. Considering patentable
research discoveries - like it is the case for biotechnology — could be harmful for the creation
of new knowledge because patents will not allow non-licensees to access the research field.
Moreover, it could be harmful for the development of new applications in some fields because
sometimes many patents hold by different parties are needed for the development of a new
product. In those cases, patents should be seen more like a lock than a key for the
development of new applications.

So, thirty years after Garrett Hardin’s concept of the tragedy of the commons (Hardin, 1968),
Heller and Eisenberg (1998) were asking: Can Patents deter innovation? Looking to
genomics, they argue that “a proliferation of intellectual property rights upstream may be
stifling lifesaving innovations further downstream in the course of research and product
development™.

Relaying the alarm called by Heller and Eisenberg, Sampat (2004) attempts to quantify the
effect of university patents on the development of knowledge in the field where academia has
patented. He concludes that academic patent genomic patents can hinder subsequent scientific
research. He finds out that genomic articles that have led to patents are 14 % less cited in the
literature than similar “non-patented” papers. This effect is observed in the field of genomic
sequence and for papers after the nineties. In a similar approach in the broader field of
biotechnology, Murray and Stern (2005) come with a quite similar conclusion as they find
evidence for a modest anti-common effect (the citation rate after the patent grant declines by 9
to 17%).

The second and third concerns are related to the time allocation choices made by the
researcher. Should he/she dedicate his/her time to research having in mind the potential
application or should he/she try to work on a more basic problem? The lure created by some
golden breakthroughs might influence the research choice of the researchers (Blumenthal et al
1996).

2 In a study on the patents in the field of research tools, Walsh et al. (2003) find little evidence that university
research has been impeded by concerns about patent on research tools (except in the field of patented genetic
diagnostics).



In parallel, the question is also valid for teaching, the professor has to balance his time
between the classroom and his lab and one could expect that teaching might suffer from the
financial attractiveness of potential expected research results (Auster, 2002).

In order to assess these worries, Jensen and Thursby (2004) construct a dynamic model of
university research that allows them to examine recent concerns that financial incentives
associated with university patent licensing are detrimental to the traditional mission of US
research universities. However, they conclude that “it is far from obvious that licensing will
damage basic research and education” [Jensen & Thursby, 2004].

Analysing department of mechanical and electrical engineering at MIT, Agrawal and
Henderson (2001) find out that patent volume was correlated with paper citations but do not
predict publication volume. In a recent study, Meyer (2006b) compares the patenting and
publishing activity of inventors-authors and their non-inventing peers in nano-science and
technology. He concludes that patenting scientists appear to outperform their solely
publishing peers in terms of publications counts and citation frequency.

Although those studies do not evaluate how fundamental the research of the faculty, the fact
that authors-inventors are producing highly cited papers - usually a characteristic of more
fundamental and high quality research - suggests that today there is not a (observed)
reallocation of the choice of the researchers yet.

The fourth concern is related to the danger that academic patenting represents for the culture
of open science.

One can expect that patents at university and the stakes related to licensing, royalties etc...
will induce behaviour that will favour secrecy, a reduced willingness to share data with peers,
delays in publication, etc... >

For instance, analysing the practices of academic researchers in life sciences, Blumenthal et al
(1996) reveal that “faculty members with industrial support [which are also more
commercially active and involved in patenting] were significantly more likely than those
without industrial support to report that trade secrets had resulted from their work.” [p 1734]

In the case of collaboration, scholars (Liebeskind and Oliver, 1999, Arundel, 2001;
Liebeskind, 2001) tend to confirm the worries expressed by Geuna and Nesta (2006). They
have highlighted a change between academic researchers in life science. They suggest that
scientists invested in patenting activities may limit the size of their research teams to
minimize disputes over claims to discovery and inventions.

In a survey including biotechnological scientists in Israel, Oliver (2004) points out that the
number of patents has a negative and significant impact on the number of academic and
international collaborations.

On the corporate side, there are also alarming elements that suggest that collaboration
between industry and academia and the advancement of research have suffered from the
position that universities adopted to protect their IP: the “old-times” when corporate-research
contracts were signed quickly around a cup of coffee are over.

* In this paper, we evade the problem related to the conflict of interest. There is a risk that some faculty members
could be tempted to hid some research results because financial interests related to patents or to contracts are at
stake (eg: Krimsky and Rothenberg, 1998)



Interviewing some industrial researchers, Grose (2006) reveals that intellectual property
issues are more and more time consuming and are affecting the relationships between
academia and industry. “General Motor says that it 1s easier to merge one of its units with a
company from Japan than to do IP negotiations with an American university’ [Grose (2006),
p 21]. Among other, he pinpoints that misunderstanding between industry and academia about
the ownership and the value of the IP has sometimes created disputes between industry and
university. Beyond the conflict about ownership and payment, other issues have been the
origin of infinite talks around research contracts like research deadlines, background rights,
control of the patent-filing process, license payment scheme etc... Besides these contentious
elements related to the redaction of the research contract - source of delays in the
collaboration — industry is aware that academics have to publish the results of their research
works. To merge industrial and scientific interests of two parties, industrial partners ask
usually for short delays before publication, typically three to six months to secure the
protection of the results. Nevertheless, here we do believe that these delays should be quite
independent of the growing attraction of university for patents but more related to the nature
of a corporate-sponsored research.

The last negative effect of academic patenting activities underlined by Geuna and Nesta
(2006) is related to the risk of substitution between publications and patents. This
phenomenon if confirmed might hamper the diffusion of knowledge.

In a study about the different channels through which academic knowledge was diffused to
industry, Cohen et al. (2002) establish that in many industries publications, conferences and
informal exchanges were the most important ways for industry to be kept updated of the new
academic breakthroughs. Moreover, patents were in most cases considered as a quite minor
pathway for technology diffusion®.

If it turns out that academic patenting is diverting faculty from their publishing mission: the
consequence might be important for the diffusion of science, not only in the academic and
scientific spheres but also for industry.

However, recent studies although careful in their conclusions come with empirical data
suggesting that today such a substitution has not occurred yet. The first empirical studies
show that academic patenting and academic publishing are if not necessary reinforcing each
other, co-existing peacefully.

Using patent and paper data, Calderini and Franzoni (2004) look for evidence of a rivalry
between patenting and publishing activities of 1323 public-funded researchers in the fields of
engineering chemistry and nanotechnologies for new materials. Their results show that the
occurrence of a patent is positively associated with the quality of previous and the quantity of
the later of scientific publications. In another study, Breschi et al. (2005a) compare the
publishing activities of two samples of Italian scientists: on one side academic inventors and
on the other side the non-patenting scientists. They established that Italian academic inventors
are more productive scientists than their non-inventor controls. They point out that it is even
truer for serial inventors. In Belgium, Van Looy et al. (2006) examine the publication and
patent behaviour of academic inventors at the Katholiek Universiteit Leuven and conclude
like Breschi et al. (2005a): inventors publish significantly more.

4 Except in some industries like pharmaceutical industry for which patents were far more important.



In the USA, Goldfarb et al. (2006) and Agrawal and Henderson (2002) analysed respectively
the departments of electrical engineering and of biochemistry at Stanford University and the
departments of electrical and mechanical engineering at MIT. Goldfard et al. (2006) find that
engaging in inventive activity increases scientific output in biochemistry but not in electrical
engineering. At MIT, Agrawal and Henderson (2002) do not find that patent volume predict
publication volume but find positive correlation between patent volume and paper citations.

At the level of the research labs of the University of Louis Pasteur in Strasbourg, Azagra —
Caro et al. (2003) notice that institutional recognition explains the patent stock of the lab.

Finally at the university level, Sapsalis et al. (2007) investigate the patent portfolio of some 90
research universities in Europe and underline that the patent volume of these universities is to
be explained (among others) by the combined effect of a scientific and entrepreneurial
orientation of universities.

3. Data

This work relies on the case study of the School of Engineering and Applied Science at
Columbia University. This complex example presents the characteristics of environment that
enables the development of pro-publication and pro-patent behaviour.

3.1. IP policy at Columbia University

Columbia University is one of the world's most important centres of research. But compared
to its academic sisters like MIT, Stanford University, University of California, Columbia
University was a new entrant in the patenting and licensing arena at the time of Bayh-Dole
(E.g. Mowery et al., 2002; Mowery and Ziedonis, 2002).

One of the first times that Columbia University got in touch with intellectual property
question is the “cigarette filter case”. In July 1967, the Medical School deans persuaded
University to endorse a cigarette filter invented by Dr. Richard Strickman, seen as a medium
of reducing nicotine intake among smokers. At that time, Columbia which had no expertise in
valuing IP stood to make millions from patent rights if the filter was as effective as claimed.
But few months later (October 1967), an editorial in Science questioned the Columbia's
mvolvement with Strickman filter. And after inconclusive test results in December, the
university finally dissociated itself from the Strickman Filter project. At the end of the sixties,
this story - source of considerable institutional embarrassment- had probably scalded the
university and discouraged it to invest its reputation and image in intellectual property
protection.

So, after the bad experience of 1967, the university waited till 1984 in the effervescence of the
Bayh-Dole Act (1980), The Stevenson-Wydler Technology Innovation Act (1980) and
National Cooperative Research Act (1984) to write down carefully its intellectual property
policy and rules.

Today, although Columbia University has implemented quite late its IP policy, the University
has one of the most profitable patent portfolios among the US universities (cfr AUTM
studies). Could these successes lure the faculty? Can patents divert faculty from publishing?



3.2. Science and Technology at the School of Engineering and Applied Science
(SEAS) of Columbia University

By essence at the border of fundamental research and development activities, the SEAS has
always encouraged research and the diffusion of the results through the classical publication
channel. But simultaneously likewise other school of engineering, most these research results
are potentially patentable.

In order to tackle the scientific production of the school, we present the publishing and
patenting activity of the School of Engineering and Applied Sciences at Columbia University.
Two figures sum up them: 7574 and 234. These figures are respectively the number of papers
extracted from the Web of Science and the number of patents granted by the USPTO and
invented by the 328 Columbia engineers when they were appointed professor at the School of
Engineering and Applied Science at Columbia University between 1970 and 2005.

With the enforcement of the IP policy, the school has also reorganised its relations with
industry and adopted a strict policy in order to avoid conflict of interest. No restriction in
publishing the results of the research® would be accepted in collaborative research contract.
(But industry might impose some restrictions on the diffusion of the material/data given to
start research). Industry has to share the IPR with the school when the scientific contribution
of the faculty members has been important in the achievement of the research project.

Consequently, some offers have been turned off because some companies could not agree to
share the IPR or diffuse the research results. Prof Friedman, dean of the school says that the
school is happy to collaborate with industry - a natural partner - on “real” problems but the
school will not accept the dictate of the industry on fundamental issue like publications or
IPR.

The evaluation process for professorship illustrates perfectly the commitment of the SEAS in
research. The dean, Prof Friedman reminds that the quality and quantity of publications are
the main criteria to get a professorship position at the school’”. Patents have a marginal effect
on the career except if they cover an extraordinary invention that would either way be
published.

In parallel, to support research and the advancement of science, the university has invested in
expensive research tools. At the SEAS, for instance, one can find outstanding research
equipment like High-Beta Tokamak that enables the school to conduct research in nuclear
sciences.

But besides those research fields where patenting is difficult, the SEAS embraces new
technologies and interdisciplinary possibilities. The school has developed innovative
approaches, including computer-assisted design, the use of "smart" materials. Collaborations
with other Columbia departments and schools have opened frontiers in an expanding host of

> Among the 234, 127 patents were applied for by Columbia University

® The guidelines edited in 1986 by the university senate (Columbia Univ., 1986) states that “Any arrangement
between the University and a commercial organization must not inhibit the fiee publication and dissemination of
results of scholarly activity and research. A reasonable, and usually very briet’ delay may be acceptable for such

purposes as patent review or a review to profect trade secrets and proprietary or other confidential
information”.

7 At the SEAS at Columbia Univ., a professor candidate is evaluated by his publications and by a committee of

top peers. These peers (which are not from Columbia Univ.) are ranking the candidate on the quality and the

influence of his work on the state of the art.
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fields: from financial engineering to corrosion control, cryogenic manufacturing to biomedical
engineering. Most of these technologies can be protected by patents.

As an example, Columbia University through the SEAS is the only university to hold patents
in the patent pool for the manufacture of MPEG-2, the technology that enables DVDs and
high definition TV. On the website® of the SEAS, one can read also that: “Another exciting
patent that holds great promise is a laser-based method to create a single crystal film for a
variety of devices, from solar cells to thin-film transistors for flat panel displays for
computers. Within a short time, it may be possible to put an entire computer on a sheet of
glass or plastic, thanks to the innovations taking place in Engineering School labs.”

In fact, by December 2006, the technology transfer office of Columbia University was listing
for “sale” 308 technologies invented by engineer researchers. So if by the past, most of the
licensing incomes were coming from biomedical or pharmaceutical applications, Columbia
Technology Transfer Office expects that licensing incomes from inventions of the SEAS will
take a growing part in the near future.

Evidence that engineering school inventions will take a greater place in the patent portfolio of

the university can also be found the figures presented in table 1 and extracted from the
research database of Columbia University.

Table 1 : Patenting activity of the principal investigators at Columbia University

TOTAL DB Medical School School of Engineering
Observations 1772 945 330
# Inventors 176 77 64
# Inventor at Columbia 93 51 25
# Patents 787 254 335
# Patents at Columbia 306 174 82

Source: Columbia University’s internal database and USPTO database .

In 2006, 1772 researchers were listed as principal investigators at Columbia University, in
charge of a research project. Among them, 53% and 19% were respectively members of the
medical school and the school of engineering. Among these 1772 researchers, 10% had been
granted at least once a USPTO patent and only 5.2% were the inventor of a USPTO patent
granted to Columbia University. These statistics are quite similar for the sub-sample of the
medical school, among the 945 medical researchers, 8.1% and 5.3% were respectively
inventor of a USPTO patent or a USPTO patent applied by Columbia Univ. In the case of the
school of engineering, the figures are different: up to 19.4% of these researchers have a
patenting experience’. Moreover, these researchers representing only 19% of the database
have applied 43% of any patent ever invented by the researchers of the database and 27% of
the patents applied by Columbia.

Table 1 although not dynamic shows that today the researchers at the engineering school are
much more involved in patenting than their academic colleagues and suggests once again that
SEAS inventions will take a bigger part in the Columbia patent portfolio.

¥ http://www.engineering.columbia.edu/about_seas/history.php
?7.6% of them have been granted an USPTO patent under the name of Columbia Univ.
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3.3. Faculty Members at SEAS

To test if some engineering professors are diverted from their publishing duties because of
patenting, we identify in the faculty bulletins, the name of the 376 researchers once appointed
professor at the SEAS between 1970 and 2005.

Afterwards, we collected the number of publications from the Web of Sciences® and the
number of patents granted by the USPTO to the academic inventors from the Delphion
Database®.

Among the 376 professors, we could not retrieve the patent data for 14 faculty members. On
the other side, the Web of Science allows the identification of the scientific papers by name of
the researchers. However, because this identification is done through the last name and the
initials of the first and middle name, we could not identify with certitude the paper portfolio
for some additional 34 researchers. At the end, we decide to drop these names and our
analysis will focus on the scientific and patenting activity of the remaining 328 members.

Figure 2 illustrates the evolution of the number of faculty at the SEAS. It shows that the
manpower of the faculty has suffered twice reacting to the socio-economical situation of the
period. The first decrease occurred in the late seventies with the oil crisis and the second one
in the early nineties, probably caused by a decrease of military research funding following the
fall of the Berlin Wall (Nelsen, 1998)"°

Figure 1 : Evolution of the number of faculty members at the SEAS between 1970 and 2005
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ELECT: Department of electrical engineering; MINES: Department of mining; ICT: Department of computer sciences; PHYS: Department
of applied physics and mathematics; BIOENG: Department of biomedical engineering; OPR: Department of Industrial engineering and

operational research

1% Powers (2004) describes that in the late eighties and early nineties, high education entered a “maturity” phase
characterised by resource constriction and increased competition.
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However in the late nineties, the number of professors appointed at the SEAS increases again,
mainly led by the increasing importance of computer sciences and also by the creation of a
department in medical engineering. Besides the adaptation of new technologies like ICT and
medical engineering, one also observes the decreasing trend of the number of professors in the
mining department. At the foundation of Columbia's School of Engineering and Applied
Science, the School of Mines was the first mining and metallurgy school in the U.S. (1864).
Today the School of Mines regroups the disciplines related to the earth and environmental
engineering and to the material sciences.

Table 2 sums up the publishing and patenting characteristics of the faculty members of the
SEAS. Among the 328 researchers appointed professor at the SEAS, only 13% had ever been
granted an USPTO patent applied by Columbia. However, during their whole career, 22% of
the faculty members has at least once experimented the process of patenting mostly gained
when working for industry'".

Table 2 shows that the professors that have protected an invention through a patent applied by
Columbia University (Columbia Inventors) outperform their faculty peers in term of the
number of publications'? they have written. In their career, in average, they have published
some fifty Columbia papers against some fifteen published by the solely authors — faculty
members. However, this figure is mainly explained by the fact that in average, the inventors —
authors are completing a large part of their career at Columbia, most of them will gain the
tenure (84% have been nominated full professors against 40% for the solely authors —
professors). Nevertheless, looking to the average quantity of papers published per year when
appointed at Columbia University, although less striking, the inventors-authors still
outperform with a average of 3 papers a year against 2.5 papers for any other faculty member.

Regrouping under four categories the best and worst 25% of faculty in term of number of
Columbia publications and number of publications per year appointed at Columbia
University, we note that more than 65% of the subgroup of Columbia inventors is part of the
Top 25% in term of total number of Columbia publications (which was quite expected
because they are used to stay longer). But Columbia inventors are also overrepresented in the
subgroup Top 25% in term of scientific productivity. Reversely Columbia inventors are under
represented in the last 25- percentiles.

' 65% of the researchers that has been listed as inventor in a patent not applied by Columbia had been cited at
least once in a patent applied by the industry. These patents were mainly applied before or after their stay as
professors at Columbia University.

' We are aware of some potential biases in the counting of the publications and implementing publication
measures. First we rely on the Web of Sciences; the list of publication recorded by the Web of Sciences has
evolved since the seventies. Second, in the early seventies (till 1973-74), addresses of the authors were often
missing in publications. However we count as Columbia papers the papers that were published during the time
the professor was appointed at Columbia Univ. Finally, we had access to the faculty bulletins from 1970 and
after. For the 83 professors listed in the bulletin of 1970, the arrival date was set arbitrary to 1970 (which is
certainly not exact for most of them). For them, we start counting the publications by 1970. (This solution was
adopted because, we did not have the university addresses on the papers and we could not retrieve the evolution
of their career). Doing so, we know that -for a significant part of them- we capture the papers produced at the
end of their research career which is expected to be less productive (Bozeman et al, 2006).
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Table 2 : Inventors and non inventors at the SEAS

Faculty Columbia Non — Columbia Non-Inventors
Members Inventors Inventors

Observations 328 43 72 213
Patenting activity *
Patents granted to Columbia 0.39 2.98 0 0
Other USPTO granted patents 1.75 6.68 4.15 0
Granted patents before Columbia 0.57 2.34 1.40 0

- Applied by industry 0.44 1.59 1.06 0
Granted patents during Columbia 0.34 1.37 0.75 0

- Applied by industry 0.18 0.95 0.25 0
Granted patents after Columbia 0.82 2.97 2 0

- Applied by industry 0.57 1.53 1.67 0
Patent Experience before Columbia | 14.9% 30.2% 50% 0%
Univ. stay
Non Columbia Patent Experience | 13.7% 39.5% 38.8% 0%
during Columbia Univ. stay
Patent Experience after Columbia | 11.0% 16.3% 40.3% 0%
Univ. stay
Scientific activit
Total published papers 49.2 81.7 63.3 37.9
Published papers at Columbia 23.1 54.0 26.8 15.6
Columbia papers per year 2.53 3.04 2.38 2.48
Co-authored papers with industry | 14.3% 20.2% 21.0% 10.9%
(when appointed in a PRI)
TOP 25% Scientific Stock** 25% 65.1% 27.7% 15.0%
TOP 25% Scientific Productivity** 25% 34.9% 23.6% 23.5%
LAST 25% Scientific Stock** 25% 0% 27.7% 31.9%
LAST 25% Scientific Productivity** 25% 9.3% 25% 28.2%
Employment
Years at Columbia Univ. 10.2 20.2 11.2 7.8
Assistant Professors®** 32.3% 2.3% 26.4% 40.4%
Associate Professors®** 19.2% 14.0% 20.8% 19.7%
Professors*** 48.5% 83.7% 52.8% 39.9%
Industrial author before Columbia | 11.0% 18.6% 19.4% 6.57%
Univ.
Industrial author after Columbia Univ. | 17.1% 2.3% 61.2% 5.16%
Department
Electrical Engineering 17.1% 37,2% 22,2% 11.3%
School of mines 11.0% 11,6% 11,1% 10.8%
Applied Physics & Maths 10.4% 0,0% 6,9% 13.6%
Informatics 17.7% 23,3% 12,5% 18.3%
Industrial Engineering & Op. Research | 12.2% 2,3% 5,6% 16.4%
Chemical Engineering 8.8% 7,0% 11,1% 8.5%
Mechanical Engineering 10.4% 9,3% 13,9% 9.4%
Civil Engineering 10.1% 7,0% 9,7% 10.8%
Bioengineering 2.4% 2.3% 6.9% 0.9%

Source: Web of Sciences and Delphion database and own calculations; *: The term “patent” has to be understood as USPTO granted patent;

**: Scientific stock : total number of papers published at Columbia University and recorded in the Web of Science Scientific productivity:

average number of papers published at Columbia University and recorded in the Web of Science per year. ***: The title given to a faculty is

the last status recorded in the bulletins of the school
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Comparing the Columbia inventors with the non-Columbia inventors is instructive.
Apparently, among the sub group of inventors that have not invented at Columbia Univ.,
professors stay in average less at university and when they leave it, a significant part (61.2%)
joins the industry. Interesting also is the fact that their publication portfolio is bigger than the
solely authors — researchers.

Figures show that some twenty percents of their academic publications (publications with the
address of a public research institution PRI) has been co-authored with a corporate research
lab when this figure drops to 10% for non-inventing scientists.

Striking also is the fact that 40% of the inventors have been listed as inventor in a patent that
was not applied by Columbia University although at that time he was appointed professor at
the SEAS. More than hundred technologies have been partly invented by SEAS faculty
without being applied by the university'’. The professors in the department of electrical
engineering and in the department of computer sciences are overrepresented in the group of
mventors.

3.4. Patenting activity at the SEAS

3.4.1. Patent portfolio

Figure 3 illustrates the evolution of the inventing activity of the SEAS faculty when appointed
professors between 1970 and 2004. Before 1984 - the year of the enforcement of the IP policy
at Columbia University - we observe that the members of the school were protecting some
inventions mainly applied by the industry and few ones by US governmental agencies.

After 1984 till 1994, although there is a general increase of the patenting activity of the SEAS
faculty, this growth mainly profits Columbia University and we may notice that academics are
not anymore listed in corporate patents as inventors.

We might put forward many possible explanations: the reluctance of industry to collaborate
and consult academic experts on sensitive projects because of IPR disputes or the change of
industrial policy in writing their patents. To avoid any debate about the ownership of
industrial patents where academics were consulted as expert, some companies might have
changed their internal rules about who has to be named as inventor in a patent. Amazingly we
notice also an increase of the number of patents assigned to inventors. Here also some
potential explanations might be suggested. First, it can be supported that during a period of
transition, some academics decided to protect their inventions but they did not know how to
proceed and left the assignee box blank in place of putting the name of the university.

Moreover some professors might have applied for patents that were not judged relevant by the
Technology Transfer Office (TTO) and they decide to go alone for it. Some other option is the
fact that some professors were still working with the pre-IP policy methods. They did not use
the services of the TTO because they were used to manage their IP alone.

1 See Appendix Table A.1 and Table A.2
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Figure 2 : Granted USPTO Patents invented by SEAS faculty between 1970 -2004
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Source: Delphion database; own calculations. Number of patents granted by the USPTO and sorted by priority date and by applicants
COL: Granted USPTO patents applied by Columbia Univ. and invented by SEAS Faculty when appointed at Columbia Univ.

PRI: Granted USPTO patents applied by a PRI (not Columbia) and invented by SEAS Faculty when appointed at Columbia Univ.
US: Granted USPTO patents applied by US government agencies and invented by SEAS Faculty when appointed at Columbia Univ.
IND: Granted USPTO patents applied by corporations and invented by SEAS Faculty when appointed at Columbia Univ.

NON: Unassigned granted USPTO patents and invented by SEAS Faculty when appointed at Columbia Univ.

The big tremendous increase of SEAS patent portfolio occurred in 1994 with the application
of an important number of technologies in the fields of automatics and systems analysis (See
figure 4). Nowadays, most inventions that are protected by patents at the SEAS are coming
from the departments conducting research in the fields of automatics, instrumentation,
electronics, computer sciences and telecommunication. Chemistry is nearly not represented.

Today, biomedical engineering department is still young but the economical and

technological potential of bioengineering is very promising. So, we might expect that
Columbia will count before long biomedical applications in its patent portfolio.
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Figure 3 : USPTO patents invented by SEAS faculty when appointed at Columbia Univ.
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Source: Delphion database own calculations. Number of patents granted by the USPTO and sorted by priority date and by technological
fields

MEDIC: Medical engineering; AUTOMATICS: Systems, automatics and computer sciences ; BIOCHEM: Biochemistry ; ELECTRONICS:
Electronics ; CHEMISTRY:: Industrial chemistry, chemical engineering and metallurgy; TELECOM: Telecommunication ; CIVIL: Civil
engineering ; PHY SICS: Physics and instrumentation; MECHANICS: Mechanical and electromechanical engineering ; NUCLEAR: Nuclear

engineering.
3.4.2. Patenting mindset

Analysing the patenting activity'* of faculty members arrived after or before the enforcement
of the new intellectual property policy at Columbia University is interesting. Strong
differences between the professors arrived before and after 1984 appear. Table 3 shows that
among the professors appointed before 1984 and who had applied for a technology during
their stay at Columbia, these inventors had they first experience in patenting some ten years in
average after arriving at university. Most of their inventions were applied when they were
already full professors at University.

Oppositely, the researchers arrived after 1984 and who were involved as inventor in a
Columbia patented technology have been more rapid in applying for a patent.

'* Measured by the number of USPTO granted patents invented by the professor during his stay at Columbia
University. The set of faculty members arrived in 1970 are excluded from this list because the arrival date has
been arbitrary set 1970, cfr last section.
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Table 3 : SEAS Faculty and technologies patented during their stay at Columbia

Faculty appointed before 1954 Faculty appointed afier 1954

# Inventors 18 29
Number of technologies applied | 71 85
during their stay

% patents applied when professor | 66,2% 23,5%

% patents applied when associate | 31,0% 57,6%
professor

% patents applied when assistant | 2,8% 30,6%
professor

Average time between arrival date | 10.7 year 3.34 year

and first invention

In average, after 3.3 year at Columbia University, these professors had already applied their
first invention. Among the 85 patents they applied, a significant part (30%) was applied when
they were assistant professor and the majority (58%) when they were associate professor'”.

Although a part of this difference of patenting activity between professors arrived before and
after 1984 is to be explained by a technological change embraced by the younger professors,
we suspect that the IP policy at Columbia University and the commitment of the university
towards “IP related activity” has created a favourable environment for those professors who
were interested to protect their research results.

4.  Methodology
4.1. Explained variables

To identify if there is competition between publishing and patenting activities of a faculty
member at the SEAS, we rely on binomial models and on one count model and introduce 3
binary variables and one integer variable:

- the fact that the professor is one of the most scientifically productive researcher,
measured by the fact that he is present in the subgroup Top 25% PROD regrouping the
25% faculty members with the highest average number of Columbia publications
written per year

- the fact that the professor is one of the less scientifically productive researcher,
measured by the fact that he is present in the subgroup LAST 25% PROD regrouping
the 25% faculty members with the lowest average number of Columbia publications
written per year

- the fact that the professor has invented at least one technology applied for by
Columbia University

- the number of patents invented by a Columbia professor during his stay at Columbia
University and applied for by the university

"> By definition, the professors arrived after 1984 are younger, so some of them have not yet gained the full
professorship. It is why this category is underrepresented in that sample.
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Probit models are introduced'®. The dependent variable y; can be only one or zero, and f3; the
vector of parameters associated with the vector of explanatory variables x; is estimated in:

Pr(y, = 1| x=x)=N(x5)

where Nis the cumulative distribution function of the standard normal distribution.

To explain the patenting activity of a faculty member at the SEAS - measured by the number
of patents that a faculty member has applied for under the name of Columbia University - a
count model 1s implemented. We decide to compute a zero-inflated poisson (ZIP) model. ZIP
model enables us to model excess zeros representing the majority of professors not being
involved in patents.

y. =0 with a probability ¢;
Y. ~ Poisson(A;) with a probability (1 - ¢,)

with A, =exp(x,5,; +¢&;)
__exp(z7))
" l+exp(zy;)

¥; 1s the number of patents invented by the professor 7and applied for by Columbia Univ.

fi 1s the vector of parameters associated with the vector of variables x; that explains the
number of patents (different from zero) applied by a professor 7

@;1s the probability of not being an inventor parameterised as a logistic function.

7; 1s the vector of parameters associated with the vector of variables z; that explains the
probability that a professor 71s not an inventor.

&; 1s the error term

4.2. Explanatory variables

To explain the interaction between the publishing and patenting activity of the 328 faculty
members of the SEAS of Columbia University, we rely on a set of explanatory variables
related to the patent indicators, paper indicators, the time spent at Columbia Univ. and the
department in which the faculty has been appointed.

4.2.1. Patenting indicators

We decide to implement a dummy variable that stands for the patenting experience of the
faculty before being appointed at the SEAS. We expect a positive relation between a previous
patenting experience and the number of patents that a professor might apply at university.

In addition to the patent experience that a professor might have gained before being employed
at Columbia University, we introduce also the number of patents invented by a professor
when he was appointed at the university and applied for by industry, by a governmental body

' Logit model were also implemented and we obtain similar results.
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or a public research institution'’ and by the professor himself (unassigned patents). When
analysing the impact of patenting activity on probability of being or not a top scientist, we
also compute the number of patents invented by a professor and applied for by the Columbia
University.

The information embedded in corporate patents is quite complex to decode because many
phenomena are competing. They might reflect collaboration with industry and such
collaboration has been established to be positive for academic publishing activity industry
(Eg: Blumenthal et al., 2005). But because the company is retaining the rights, we might
suspect that corporate researchers were the real inventors and the company has every right on
the invention and might forbid the publication of any results. In that case, the appearance of
the academic inventors might be just cosmetic’®. Finally, these patents might reflect
consultancy and in such case no research stricto senso has been performed, so we could
expect no impact on publishing.

If we expect that patenting diverts academics from publishing, one might expect that the
number of Columbia patents, non-assigned patents and public institutions’ patents will have a
negative impact on the probability of being a top scientist.

The effect of unassigned patents is difficult to assess. If we suppose that the protection of
these inventions were left to the inventors because they were evaluated with little economical
potentiall9, we might suppose that this patent does not represent a technological advance and
thus it will not have any significant impact on the production of scientific papers.

On the other hand, if an invention has been protected by the professor without consulting the
TTO, the effect is unknown. If relevant, the professor is free to publish but might be willing
or might be asked by a licensee not to publish his results®’.

When evaluating the impact of patents applied by an assignee different from Columbia on the
probability of having taken part at least to one patent applied for by Columbia Univ., we
might expect that in general, the impact of the number of patents applied for by other
assignees than Columbia (industry, public research institutions, inventors) is positive because
these patents signal that the researcher’s work is application-oriented and that the researcher is
aware and familiar with the patenting system.

4.2.2. Publishing indicators

To measure the publication characteristics of a professor, we rely on two variables: the
average number of papers per year when he was appointed at Columbia University, the
proportion of his papers that has been co-authored with industry when he was at university.

We expect that the proportion of co-authored papers with industry will have a positive impact
on the patenting and publishing variables. Indeed, the papers co-authored with industry

" In our dataset only, three SEAS professors were cited as inventors in 8 patents applied for by another
university at the time where they were appointed at university.

'8 There is an internal policy at the SEAS; any SEAS researcher that invents within the frame of an industrial
contract has some rights on the invention and on the intellectual property rights.

19 Sapsalis (2007) show that the technological importance of an academic patent has a positive impact on the
probability to get licensed.

*% The bargaining power in licensing agreements is bigger when the negotiations are handled by university than
by an individual.
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witness the closeness of the academic research with industrial concern and one might expect
that such researchers involved in more industrial researches will lead to a higher amount of
Columbia patents. On the publishing side, according to Blumenthal et al. (1996), we might
expect that this variable has a positive impact on publication. Looking at academic-industrial
research relationships in the life sciences, they show that faculty members funded by industry
outperform their colleague in term of peer-reviewed articles published in the previous three
years, in term of involvement in their institutions and were more commercially active.
However, they stress out that faculty members receiving more than two thirds of their
research support from industry were less academically productive and that their articles were
less influential.

We expect that engineering top scientists will produce a large amount of patents. Indeed,
engineering is a discipline where one can expect to be able to patent any outstanding valid
research result because the applied nature of research in engineering sciences.

4.2.3. Employment indicators

The time spent at Columbia University has an impact on the patenting and publishing activity
of a professor. The more he stays at Columbia, the more he publishes and the higher the
probability to apply for a Columbia patent. To take into account, the change of IP policy, we
compute two variables: the number of years appointed professor before 1984 and the number
of years appointed professor after 1984. We expect that the number of years after 1984 will
have a positive effect on the propensity to patent when we expect the reverse effect for years
spent at University before 1984. On the publication side, we should not expect any significant
effect of the number of years pre- and post 1984 on the probability of being among the most
scientifically productive professors.

In a large survey examining the career pattern and the relation to the publication and patent
productivity of engineers and scientists working at university-based research centres in the
USA, Dietz and Bozeman (2005) show that among other characteristics, homogeneity in their
career has a weak and positive relationship with publication rates. On the other side, they
show that the numbers of years spent in industry before joining the university has a strong and
positive relationship to patent productivity. To take into account of this learning, we introduce
a dummy taking the value one if the researcher has published one paper under the name of a
company before joining Columbia University. In addition, we add also a variable counting for
the number of scientific papers published when the professor was working in the industry
before joining Columbia. We expect that this indicator will counterbalance the negative effect
of heterogeneity in the career of the researcher as it shows the commitment of the researcher
(although in the industry) to publish his work.

4.2.4. Disciplines indicators

Some disciplines lead results that are not easy to protect or that are not easy to market. To
take into account this discipline effect, we compute nine dummies for each research
department of the school: 1- Electrical Engineering; 2- School of Mines; 3- Applied Physics
and Applied Mathematics; 4- Informatics and computer sciences; 5- Industrial Engineering
and Operation Research; 6- Chemical Engineering; 7- Mechanical Engineering; 8- Civil
Engineering; 9- Bioengineering.
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Based on the statistics presented in table 2 but also on the findings of Dietz and Bozeman
(2005), we expect that professors from the physics and applied mathematics will less likely to
apply for a patent and will be more likely to publish.

5. Results

In order to assess rivalry between the publishing and patenting activities, we present the
results of the models presented in the previous section.

5.1. Publishing activity

Table 4 shows the results related to the science indicators. Model 1 analyses the probability of
being amongst the professors with the highest scientific productivity (Top 25%). Model 2
studies the probability of being amongst the professors with the lowest scientific productivity
(Last 25%).

According to the type of patents invented by SEAS professors, we find different impacts on
the probability to be among the most productive scientists (top 25%).

Our results show that the impact of number of Columbia patents is positive but not
significant. On the other side, the number of professor’s inventions applied by industry or a
public institutions has a positive and significant (15% significance) on the probability for a
SEAS professor to be one of the top scientists of his class. Moreover, in model 2 we find that
the fact that a professor has invented a technology applied for by a public body (a US
governmental agency or another public research institution) diminishes the probability to be
amongst the less productive scientists.

Those two variables might be seen as a proxy of the professor’s interest for application-
oriented research. Moreover they give information about capacity to attract industrial partners
or the wish/capacity to collaborate with the government and other research organisations. In
that sense, the capacity to attract additional R&D funding and codify it in patents has a
positive impact on the scientific production of the scientists. These first results are in line the
findings of the literature. Gulbrandsen and Smeby (2005) for example analyse the impact of
industrial funding on the research performance of Norwegian professors and report a
significant relationship: professors with industrial funding publish more. Looking to R&D
public funding and its impact on research productivity, Geuna (1997) found that the UK
universities suffering of the relevant cuts in public funding has lead to a reduction of their
scientific research productivity as measured by publications per researcher (See also Salter
and Martin (2001) for a more complete study about the benefit of public funding).

Similarly, no evidence of a trade-off was reported by Van Looy et al. (2004) who find out that
researchers involved in contract research published more than their colleagues.

All combined, these results suggest that patenting activity undertaken by Columbia University
does not really divert academics from publishing and relay the recent findings of the literature
(E.g. : Agrawal and Henderson, 2002; Breschi et al., 2005a; Meyer, 2006b)

Looking to the productivity of the researchers and their probability of being classified

amongst the top or the bottom, similarly to Dietz and Bozeman (2005), results plead that a
homogeneous career at university leads to a higher productivity. Looking to model 2, we find
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out that a previous industrial experience (measured by at least one publication) has a positive
and significant impact on the probability of being amongst the less productive scientists.

In model 1, the effect of the variable “previous industrial experience” is negative but not
significant on the probability of being amongst the most scientifically productive researchers.
Moreover, this effect is counterbalanced if in the industry, this researcher was involved in
many scientific papers witnessing his commitment towards publication.

Table 4 : Results: Top scientists and inventors at the SEAS of Columbia Univ.

TOP 25 % Std Err. LAST 25 % Std Err.
PROD PROD
Model 1 Model 2
Model Probit Probit
Patent
# Patents at Columbia Univ.
Assignee: Columbia Univ. 0,071 0,064 -0,169 0,146
Assignee: PRI — US 0,441° 0,308 -0,545° 0,359
Assignee: Industry 0,175° 0,117 -0,326 0,294
Assignee: Individual 0,038 0,115 -0,049 0,202
Publishi tivit
Columbia papers / year at Columbia
% academic papers co-authored with industry. 3,866%* 1,655 -3,96]1%** 0,944
Square ( % academic co-authored papers with
industry) -8,289%* 3,423 2 25%%* 0,842
# industrial papers before Columbia 0,019* 0,010 -0,028 0,024
Employment
# years before 1984 as Prof -0,089%** 0,025 0,039** 0,019
# years after 1984 as Prof -0,014 0,014 -0,027* 0,014
Ind. Researcher before Columbia -0,427 0,379 0,78* 0,435
llepatlment
Electrical Eng. -0,488* 0,278 0,082 0,266
School of mines -0,439 0,306 -0,255 0,287
Applied Physics & Maths -0,171 0,255 -0,684** 0,285
Informatics -0,989%** 0,231 -0,025 0,213
Indust. Eng. & Oper Research -1,052%** 0,291 -0,14 0,236
Chemical Eng. -0,262 0,278 -0,665** 0,314
Mechanical Eng. -0,591** 0,277 -0,298 0,270
Civil Eng. -1,096%*** 0,343 -0,334 0,278
BioEng. 0,567 0,506 -0,678 0,622
Observations 328 328
Log likelihood -151 -154

Tevels of significance (probability threshold): ° <15%; * < 10%; ** <5%; *** < 1%

According, Blumenthal et al (2005), professors funded by industry has a positive impact on
paper productivity. However, they stress out that faculty members receiving more than two
thirds of their research support from industry were less academically productive and that their
articles were less influential. To check out if a similar relation exists in our database; we
introduce the proportion of papers co-authored with industry as a proxy of the scientific
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collaboration between industry and academia. We find out that at the first order, the impact is
positive and significant with the variable TOP 25% PROD and at the second order; the impact
is negative and significant. We observe the exact opposite relations when analysing the
variable LAST 25% PROD. These findings corroborate the thesis developed by Blumenthal et
al. (2005): a too strong link with industry deters the scientific productivity of the academic
researchers.

Table 4 shows that the number of years spent before 1984 at Columbia University has a
negative and significant impact on the probability to be among the most productive scientists
and a positive and significant impact on the probability to be among the less productive.”’

Analysing the department effect, the analysis suggests like Dietz and Bozeman (2005),
professors engaged at the department of Applied Physics & Applied Mathematics have the
highest paper production®.

5.2. Patenting activity

Table 5 shows the results related to the patent activity indicators. Model 3 examines the
probability of having participated to one patent applied for by Columbia University.

From model 3, we inferred which the characteristics impact the probability of being an
inventor. These characteristics (namely the number of industrial patents invented at Columbia,
the number years appointed after 1984 and the scientific production) are used in model 4 to
explain the probability of not being an inventor.

Model 4 analyses the number of patents invented by a SEAS professor and applied for by
Columbia University™.

Looking to the patenting activities of the faculty at the SEAS, it can be noticed that no
professor of the department of applied physic and applied mathematics has applied for a
Columbia patent. So, we exclude 34 observations corresponding to the professors attached to
this department.

Model 3 and model 4 show that the scientific productivity has a positive and significant effect
on the probability and the propensity to patent at Columbia University.

*! This phenomenon might be explained by the fact that our database suffers from a collection bias. For the
papers, we rely on Web of Science database. This database has evolved since the seventies. There are today more
journals than before. So we probably did not capture all the scientific activity of the first researchers of our
database. Moreover, for 83 professors, we set arbitrary their arrival date in 1970. Starting counting the
publications by the time the researcher arrives at Columbia SEAS, we underestimate the number of papers they
had published and we underestimate the scientific productivity of these researchers because for a significant part
of them, we capture the papers produced in the last years of their career. The resulting productivity is expected to
be below their real average productivity (Bozeman et al, 2006). However, we reproduce the regressions without
these some eighties observations, the main results remain robust.

2 However, the impact dummy “physics & applied math” is only significantly higher than the impact of the
departments of civil engineering, ICT and mechanics.

2 Besides ZIP specifications, we compute also poisson and negative binomial regressions (type I & II). Similar
results emerge and are presented in table A.3 of the appendix.
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Table 5 : Inventors and patents applied for by Columbia Univ.

Columbia Std Err. # Columbia Std Err.

Inventor patents

Model 3 Model 4
Model Probit ZIP
Patent activi
Previous Patenting Experience 0,295 0,357 0,037 0,332
# Patents at Columbia Univ.
Assignee: PRI-US 0,093 0,329 -0,147 0,305
Assignee: Industry 0,582%** 0,184 0,052 0,075
Assignee: Individual 0,007 0,180 0,227%* 0,132
Publishing activity
Columbia papers / year at Columbia 0,091° 0,061 0,053° 0,035
% academic papers co-authored with -0,239 0,808 -1,298 2,412
industry.
Square ( % academic co-authored -0,939 3,354
papers with industry)
# industrial papers before Columbia 0,001 0,016 -0,012 0,011
Employment
# years before 1984 as Prof -0,044 0,032 -0,059* 0,035
# years after 1984 as Prof 0,146%** 0,021 0,006 0,022
Ind. Researcher before Columbia 0,01 0,517 0,615* 0,356
lleparlment
Electrical Eng. -2,318%** 0,515 1,357* 0,717
School of mines -2,893%%* 0,583 1,771%* 0,708
Informatics -2, 7TTHE* 0,455 0,632 0,653
Indust. Eng. & Oper Research -4, 21 7*** 0,819 -1,648 1,175
Chemical Eng. -3,161%** 0,603 -0,066 0,750
Mechanical Eng. -2,916*** 0,526 0,286 0,641
Civil Eng. -3, 14%%* 0,566 -0,201 0,933
BioEng. -3,119%** 0,919 0,589 0,795
Inflate
# years after 1984 as Prof -0,264*** 0,048
# ind. patents invented at Columbia -0,104*** 0,329
Columbia papers / year at Columbia -0,181* 0,106
Constant 4,792%%* 0,761
Observation 294 294
Log likelihood -60 -141

Tevels of significance (probability threshold): ° <13%; * < 10%; =% <3%; *+* < 1%

If we assume that the scientifically productive scientists are the ones that are conducting the
most interesting researches®*, the application-driven nature of engineering sciences facilitates
to codification of scientific breakthroughs of these professors into patents. This could explain
why the scientifically productive scientists are more likely to get involved in patenting.

* We could not retrieve paper citations to check this assumption.
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The analyse of the effect of industrial patents invented by Columbia University shows that
these patents have a positive and significant impact on the probability to apply for a Columbia
patent but not on the propensity to protect academic inventions.

On one side, these results suggest that close contacts with industry that have led to the
development of industrial technologies might create awareness of the potential of patenting.
On the other side, they suggest that industrial patenting has few spillovers on the size of the
university portfolio.

Regarding the other variables related to industry like co-authoring with industry, past
patenting experience, industrial past experience or industrial publishing activity, we could not
established any significant impact on the probability to have an inventing academic activity.
These results are in conflict with the findings of Dietz and Bozeman (2005) who find out that
the proportion of job years spent in the industry has a strong relationship with patent
production. However, when we look to the number of patents invented by SEAS faculty
members and applied by the university, we find out that industrial past experience has a
positive and significant impact on the number of patents applied for by Columbia University.
We could not establish a significant impact for past patenting experience or collaboration with
industry.

Oppositely, we find that the number of patents applied alone another measure of patenting
experience has a positive and significant effect on the propensity to patent at Columbia Univ.

These results demonstrate that in fact that a pure academic researcher is as likely to become
an inventor. But a researcher who has developed internally some patenting experience and has
some contacts with industry is more likely to develop a larger patent portfolio.

The analysis confirms the hypothesis regarding the effect of the enforcement of an IP policy.
The more years a professor has spent at Columbia Univ. after 1984, the more likely, he is
expected to apply for a Columbia University patent. It is completely the contrary for the
number of years spent before 1984. The number of years spent before 1984 at university does
not affect the probability to apply once for a Columbia patent but has a negative and
significant impact on the size of his Columbia patent portfolio. This result suggests indeed
that the enforcement of IP policy in 1984 at Columbia Univ. has changed the mindset of the
SEAS professors.

Finally, the findings suggest that professors of the department of electrical engineering and
mines are the ones for which the probability is the highest to be involved in a Columbia
patent.

6. Conclusions

In the large and complex debate related to the creation, diffusion and protection of academic
research results, this paper intends to understand the characteristics of academics involved in
the knowledge creation as measured by publications and patents. Moreover, it aims to produce
some piece of evidence that it is possible to manage patenting activity without jeopardizing
publishing.
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We analyse between 1970 and 2005 the publishing and patenting activity of the 326 faculty
members of the School of Engineering and Applied Sciences (SEAS) at Columbia University.

First, we find out that more than the Bayh-Dole Act, it is the implementation of the IP policy
at Columbia University that has created an incentive to patent at the engineering school.

Analysing the patenting and publishing activities of the School of Engineering at Columbia
University, we find out that only a small part of the professors have been involved in
patenting. These researchers have filed few patents compared to the number of papers that
they have published. In average, for every patent they applied, they published 18 papers. In
parallel, our results suggest that the fact that academic have been involved in collaborative
application-oriented projects has a positive impact on the probability of being among the most
scientifically productive scientists. We did not find any effect of the stock of Columbia
patents on the average productivity of the professors. These results suggest at least that
patenting activity does not impede scientists to publish and that the risk to have academic
patenting is diverting researchers from publishing is low.

On the other side, our results stress out that researchers who have been strongly evolved in
publications are more likely to be involved in patenting.

Besides these good news for the university, a question remains unanswered: could the
inventors have published more if they did not decide to allocate a part of their time to
patenting? Moreover, because our dataset relies on the simple count of patents and papers,
additional research efforts should be brought in order to refining the data through the
collection of paper citations. This information should enable how influential is the research
performed by the different faculty members.

Further research should also investigate to what extent academic efforts to license a
technology might influence the schedule and the focus of the faculty. This element is
extremely important especially if it happens that the best way to valorise a patent is the
creation of a spin-off. Because the researcher might be willing to take part to the venture to
valorise its research, this could have strong consequences in term of teaching and research for
the school of engineering that will loose one of its best researcher.

Looking to the profile and experience of the researchers at the SEAS, our analysis shows that
professors with heterogeneous career are less likely to be amongst the most productive
researchers. However, this effect is counterbalanced if during their industrial stay, these
researchers were involved in more science-based activities published in scientific journals. On
the other side, a previous experience with industry creates greater awareness on the potential
for the university to valorise academic research results through patents.

Professors that have settled collaboration with industry (as measured by the proportion to co-
author papers with industry and measured by amount of the number of co-invented industrial
patents) are more likely to be more scientifically productive and be involved in patents at the
university.

Finally, we find out that patenting and publishing activities are influenced by the type of

disciplines the professors are involved in. Some technical disciplines are more appropriated to
be diffused through patents or papers.
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This last result has some implications from the point of view the management of university
activities. One side, it suggests that the technology transfer offices should focus their attention
on some few departments, the ones that are involved in patentable research. But on the other
side, it poses some ethical questions about the allocation of resources at university. By
allocating some resources to the “commercialisation of research”, the university implicitly
favours a type of research. As a matter of fact, all the academic community is sharing the risk
of failure but in case of success, the first beneficiaries will be the inventors and the
departments that are hosting those inventors. On the long run, this might throw off balance the
complex productivity function of sciences of the university. This statement should welcome a
large scale empirical analysis assessing the consequences on performances (scientific and
technological) and resources (human and financial) of the implementation of IP policy at
university over time and comparing these results for every research disciplines of the
university.
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8. Appendix

Table A. 1: Assignees of the USPTO granted patents awarded to SEAS faculty members

Applicants coL PRI USA IND NONE TOTAL
1970-1983 0 2 5 21 15 43
1984-2004 118 4 3 41 25 191
TOTAL 118 6 8 62 40 234
COL: Granted USPTO patents applied by Columbia Univ. and invented by SEAS Faculty when appointed at Columbia Univ.

PRI: Granted USPTO patents applied by a PRI (not Columbia) and invented by SEAS Faculty when appointed at Columbia Univ.
US: Granted USPTO patents applied by US government agencies and invented by SEAS Faculty when appointed at Columbia Univ.
IND: Granted USPTO patents applied by corporations and invented by SEAS Faculty when appointed at Columbia Univ.

NON: Unassigned granted USPTO patents and invented by SEAS Faculty when appointed at Columbia Univ.

Table A. 2 : Assignees of the USPTO granted patents awarded to SEAS faculty members

AUTO BIOCHEM CIVIL ELECTR CHEM  MECH  MED NUCL 7-COM INSTR TOTAL
COL 38 3 0 27 15 4 3 0 15,5 13 118
IND 19 0 0 15 7 8 2 0 5,5 6 62
NONE 7 3 2 16 1 4 0 0 3 40
PRI-US 5 0 0 1 0 1 1 1 3 14
TOTAL | 68 6 2 48 39 13 10 1 22 25 234

AUTO: Systems, automatics and computer sciences ; BIOCHEM: Biochemistry ; CHEM: Industrial chemistry, chemical engineering and
metallurgy ; CIVIL: Civil engineering ; ELECTR: Electronics ; MECH: Mechanical and electromechanical engineering ; MEDIC: Medical

engineering; NUCL: Nuclear engineering; T-COM: Telecommunication ; INSTR: Physics and instrumentation.
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Table A.3 : Different regressions for analysing the number of patents applied by SEAS faculty

# Std Err. # Std Err. # Std Err.
Columbia Columbia Columbia
patents patents patents
Model Poisson NB 11 NB 1
Patent activi
# Patents at Columbia Univ.
Assignee: PRI-US 0,065 0,270 -0,084 0,458 0,168 0,364
Assignee: Industry 0,288*** 0,066 0,396** 0,174 0,333*** 0,093
Assignee: Individual -0,102 0,133 -0,096 0,244 -0,081 0,197
Publishing activity
Columbia papers / year at
Columbia 0,094*** 0,028 0,12° 0,082 0,128*** 0,045
% academic papers co-authored
with industry. 2,52° 1,535 4,752° 3,108 2,356 2,346
Square ( % academic co-
authored papers with industry) -3,297° 2,153 -6,728° 4,506 -3,163 3,467
# industrial papers before
Columbia -0,016 0,014 -0,007 0,022 -0,015 0,022
Employment
# years before 1984 as Prof -0,058%* 0,026 -0,059 0,046 -0,038 0,039
# years after 1984 as Prof 0,145*** 0,014 0,202*** 0,032 0,163*** 0,022
Ind. Researcher before Columbia | 0,684** 0,315 0,653 0,714 0,827° 0,510
Department
Electrical Eng. -2,374%** (0,410 -3,175%%*% 0,772 -3,055%** (0,661
School of mines 22,51 %%* 0,438 -3,46%** 0,781 -3,716*%** (0,780
Applied Physics & Maths -26,12 28268 -32,282 335520 -30,473 258896
Informatics -3,291%** (0,383 -4,667%**% 0,774 -3,534%** (0,585
Indust. Eng. & Oper Research -5,526*** 1,038 -6,932%** 1,350 -5,317***% 1,104
Chemical Eng. -3,665%** (0,537 -4,388*%** (0,869 -3,952%** (0,747
Mechanical Eng. -3,155%%* (0,441 -4,394*** (0,791 -3,481*%** 0,663
Civil Eng. -4,209%** (0,623 -5,436%**% 1,043 -4,305%** (0,826
BioEng. -3,034*** (0,634 -4,592%%*% 1221 -3,374%** (0,953
Observations 328 328 328
Log likelihood -183 -151 -144

Levels of significance (probability threshold):

NBI: Negative binomial type I; NB II: Negative binomial type II

<T3%; * < 10%; 7 <5%; 7 < 1%
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