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1 Introduction

Recipients should be aware that their interest in the scientific endeavor covered by a
sponsored research agreement and the interest of the industrial sponsor may not be
totally consonant. As a result, in general, Recipients should ensure that sponsored
research agreements preserve the freedom for academic researchers to select projects,
collaborate with other scientists, determine the types of sponsored research activities in
which they wish to participate, and communicate their research findings at meetings,
and by publication and through other means. [..] [A]n agreement which gives an
industrial sponsor the ability to direct the research mission of a Recipient would be

inappropriate (NIH, 1994).

This study analyzes research collaborations between biotechnology companies and uni-
versities, hospitals, and other ‘open-science’ research organizations, as these collaborations
are described in the contracts signed by the parties. I analyze such major contractual pro-
visions as the decision rights over the definition of the research agenda granted to the firm,
and the publication restrictions imposed upon the open-science partner.

The last thirty years have seen a substantial increase in formal relations between com-
panies and universities. Between the early 1980s and the late 1990s, for example, the
percentage of university research funded by industry in the US has increased from 3.5% to
about 8% (NSF 2002).! Around 1.4% of all industry-funded R&D is currently performed
by academic organizations. This share has almost doubled in the last two decades. These
increases are even more compelling if considered in absolute terms. Similar trends, in more
recent years, have characterized Western European countries (Geuna et al. 2003).

Industry-university relations in the performance of research activities take several forms.
Among these, research contracts for the performance of specific projects by university-
based teams (or teams based in other ‘open science' organizations) on behalf of companies
(possibly with the collaboration of company scientists) are one of the major collaboration
channels. The areas mostly involved in these projects concern the life sciences, especially
since the emergence of biotechnology, but also some branches of engineering and information
technology and, more recently, nanoscience.

In public policy circles, a major debate has concerned whether industry-university col-
laborations will jeopardize such academic values as freedom and openness of research. Com-

panies, some have argued, might exert en excessive influence over the research agenda of the

!Cohen et al. (1994) argue that, if we consider that the government sometimes provides part of the funds
for industry-sponsored projects, then industry currently participates in a higher share of academic projects
(about one fifth, in dollar terms).



scientists they interact with, and might also want to limit the open diffusion of the results
in order to protect their potential economic value (Blumenthal et al. 1986a, Blumenthal et
al. 1986b, Blumenthal et al. 1996, Florida 1999, Krimsky 1999, Bok 2003, Nelson 2004,
Geiger 2004, David 2005). These issues are also considered of great importance by com-
panies, since the ‘openness’ of research exerts an impact upon the appropriability of the
results, and the definition of the research agenda has an obvious effect on both the strate-
gic orientation and the likelihood of success of a firm. However, there are no large-sample
statistical analyses that assess whether these concerns are really borne out in the actual
contractual provisions on which the parties base their relations, nor are there large-sample
studies on the relationship between contractual provisions in industry-university collabo-
rative research agreements, and characteristics both of the research activities and of the
parties. The several studies of Blumenthal and his coauthors, mentioned above, represent
relevant exceptions. The works by Blumenthal et al., however, are based on surveys among
scientists and companies rather than on the direct analysis of contracts. Other works, such
as Geuna et al. (2004), have analyzed the collaborations between firms and one single acad-
emic organization in great detail. My paper, by providing direct evidence from the research
contracts, and on a large number of universities, research institutions, and companies, offers
therefore complementary evidence to the one provided by the previously mentioned studies.

Given the limited extant evidence about the characteristics of contractual relations
between companies and open-science organizations, the evidence I provide can offer valuable
information to policy makers about the existence and the relevance of concerns related to
the freedom and openness of research. From a managerial standpoint, the analysis of the
determinants of openness and authority structure can provide insights about the challenges
that firms are likely to face if they undertake research relations with academic and other
open-science organizations.?

I first offer information on the variation, in different research contracts, among the pro-
visions concerning restrictions to publication and to the authority over the research agenda.
I then look for systematic correlations between these provisions and other characteristics of
the research projects and of the parties (both at the individual and organizational level). In

order to explore these relations, I integrate the information in the contracts with information

2This work can also contribute to the small but increasing set of studies in the so-called ‘empirical contract
economics’. This field includes a series of statistical analyses of the characteristics of contracts and how they
relate to other features such as the type of activities, the parties involved, and so on. These studies include
Lafontaine (1992), Crocker and Reynolds (1993), Lerner and Merges (1998), Lafontaine and Shaw (1999),
Bercovitz (2000), Ryall and Sampson (2002), Argyres et al. (2004), Higgins (2004), Kyle and Argyres (2004),
Lerner and Malmendier (2005), Robinson and Stuart (2004, 2005), and Kocabiyik Hansen (2004). None of
these studies has focused on contracts between parties belonging to different institutional environments, such
as firms and open-science organizations.



from several other sources beyond the information contained in the research contracts.

To be sure, the data do not allow me to perform any structural analysis or to infer any
strong causal implications. Aware of these limits, I believe that there is non-negligible value
in offering a thorough, descriptive account of industry-university contracts. The spirit of
this work is therefore very similar to that of Robinson and Stuart (2005). Like me, these
authors aim to provide detailed descriptive evidence rather than to infer any strong causal
relationship.

The main findings of my analysis can be summarized as follows. Stronger publication
restrictions are more frequent in projects concerning earlier phase research and projects
with longer duration. Research teams based in hospitals have significantly lower publica-
tion delays. Longer project duration is also strongly correlated with higher authority of the
sponsoring firm over the direction of research. Teams in more prestigious research organiza-
tions tend to be subject to lower control by the sponsor company. Further, younger compa-
nies agree on more liberal publication policies. Longer projects, therefore, require company
managers to have a more active role in collaborative projects, and call for stronger overview
of both the research agenda and the confidentiality of the research. Managers also need to
pay attention to the differences that projects in different phases of development present,
especially in terms of intellectual property protection. Also, the reason why firms agree
on more liberal provisions when they are younger, or when they interact with prestigious
researchers, may be related to the presence of additional benefits that firms may receive
from these collaborations. From a policy perspective, if we think of stronger publication
restrictions and higher control by sponsoring firms over the research agenda as the results
of tensions among the parties in industry-university contractual relations (and possibly as
the sources of further tensions), the results I obtain can help policy makers (as well as uni-
versity administrators and technology transfer officers) to predict the situations where these
conflicts are more likely to occur. This, in turn, can help policy makers to anticipate the
extent and limits of private funding of academic research, and the extent to which private
money can substitute or complement public funding.

In Section 2, I describe the data collection process, the sources of the data, and the
coding of the information. Section 3 is dedicated to the analysis of the data and to the
discussion of the findings. I then conclude, in Section 4, with some considerations on the
managerial and policy insights that emerge from my analysis, and on directions for future

work on the topic.



2 Data and variable construction
2.1 Data sources and selection criteria

The primary source of data is 550 research contracts I have downloaded from rDNA, the
website of Recombinant Capital (ReCap), a San Francisco based consulting company spe-
cializing in the biotechnology industry. One of the services ReCap offers is the collection
of contracts between biotech companies, between biotech and large pharmaceutical com-
panies, and contracts between companies and university and other open-science research
organizations.

Previous studies have employed this database as the source of contract data. These
include Lerner and Merges (1998), Higgins (2004), Lerner and Malmendier (2005), Robinson
and Stuart (2004, 2005), and Baker et al. (2004). The procedures Recombinant Capital
uses in collecting these contracts and in categorizing them are discussed in some of these
works, such as Lerner and Merges (1998) and Lerner and Malmendier (2005). The reader is
referred to these papers. I focus, here, on some peculiarities of my data collection process,
and on some differences from previous works.

First, I selected contracts in which one of the partners, more precisely the one performing
the research, is an open-science organization. All of the existing studies which have employed
biotech contracts have expressly excluded this subset of deals from their sample, with the
claim that they represent a special category that needs to be analyzed separately. This is
what my study plans to do.

Second, most, if not all of the existing studies, are limited to those contracts for which
Recombinant Capital provides an analysis, i.e. a standardized summary of the main features
and provisions.? In contrast, I have collected, analyzed, and coded the actual contracts. The
advantage of using the ReCap analyses is that they are easier and quicker to read, since they
are standardized and much shorter than the actual contracts (a typical analysis is about
four pages, while a contract can reach thirty to forty pages). Moreover, ReCap analysts
try to complement the data from the actual contracts (for example when some provisions
are redacted) with information from other sources. However, the standardization of the
format leaves out some potentially relevant and more detailed information, especially on
such issues as restrictions on publications. In addition, only a small subset of the contracts

are analyzed by ReCap. These contracts tend to be the most recent ones and also involve

3Some studies (Kocabiyik Hansen 2004, Robinson and Stuart 2004) limit their evidence to the front page
of each deal, as provided by ReCap regardless of whether the actual contract or the analysis are available
or not.



the greatest amounts of financial resources.* Limiting a study to the analyzed contracts
can therefore lead to serious selection problems that can put the representativeness of the

sample under question.

I adopted some additional criteria in selecting my sample. The contracts collected by
ReCap includes several deals, from research agreement, to licensing deals, to marketing
and commercialization contracts. For each contract, ReCap elaborates a front page that
reports the ‘nature’ of the contract. I collected all of the contracts within the University-
Pharma and University-Biotech categories that included some form of research activities as
broadly defined (contract research, research collaboration, development and co-development
agreement, joint ventures with research purposes). I left out, for example, contracts exclu-
sively describing licensing deals. There are about 500 such ‘research-related’ contracts. A
large percentage of them, unfortunately, could not be used for this analysis. Within the
University-Pharma and University-Biotech categories, ReCap includes also deals between
companies and such Federal and State Agencies as the NIH or the USDA. I excluded these
contracts because they may be inherently different from those between ‘private’ actors.
Moreover, and more important to note, in several contracts most information on many pro-
visions is redacted by the involved parties for confidentiality reasons, thus rendering these
contract hard to code and use of the analysis. Finally, some contracts reported as ‘research’
deals are instead only licensing deals; I discarded these as well. The contracts I deter-
mined to be usable for my analysis are 283 (and, also among these, it was not possible to
code some provisions). These contracts involve 139 academic and other non-profit research
institutions, and 159 biotech companies.

I then read the contracts and coded the major characteristics and provisions of inter-
est. Each contract was read at least twice, in different periods, in order to ensure some

consistency in my coding.’

2.2 Variable construction

I coded restrictions to publication by considering whether a contract included the possibility
for a firm to request that the submission of a publication to a journal was delayed beyond
the date that the research team at the open-science organization would have submitted

the paper. Delays are typically requested in order to file a patent application or, more

*See Lerner and Malmendier (2005) for a discussion of these limits

®Contracts were read the second time several months after the second time. Several contracts were read
a third time in order to solve doubts on the coding of some provisions. While these additional checks,
performed after a certain time lag, by no means eliminate a ‘recall bias’, they should at least reduce this
concern.



generally, to protect some confidential information. However, these delays often exceed the
time necessary to file a patent application, and reflect a more general demand for secrecy
by the firm. In some contracts, the company has no such rights and can at most check
an article before it is actually submitted. In addition to counting the number of days of
the submission delay, I also defined categorical variables by setting some cutoffs. First,
I defined a categorical variable which separates contracts with no publication delay from
contracts with any positive level of delay.® I then distinguished between delays equal or
shorter than sixty days, and longer delays. This threshold is considered by the NIH as
the maximum appropriate delay to which a university lab agree upon when negotiating a
research collaboration with a company (see NIH 1994). Recall that, in the life sciences,
articles are reviewed in about four or five weeks within submission. It is estimated that, in
one of the most prestigious journals, Science, the time from first submission to publication
is three months (see Abelson 1990). Therefore, a delay of two months comes to be perceived
as a substantial one.

I coded several provisions related to the control and monitoring power of the company

Contracts do not always describe the publication policy in a standardized, homogeneous way. There
are, however, some recurrent verbal formulae, which reduce (though not completely eliminate) the risk of
arbitrariness in coding publication delays. In general, the research partner is required to send to the com-
pany sponsor a draft of the manuscript before the planned submission date. The firm, in turn, analyzes the
paper and may or may not be allowed to ask for an additional delay to submission, beyond the planned
date. I take the submission date as the date in which a paper would have been submitted for publication,
were the researchers not be subject to any restriction. Here are three cases that I coded as ‘zero delay’: [1]
‘PRINCIPAL INVESTIGATOR shall have the right to present or publish the results of the research [...]
and shall provide an early draft [...] for review by [Company’s name] at least thirty (30) days prior to its
presentation or submission for publication. At the end of such thirty (30) days, PRINCIPAL INVESTIGA-
TOR shall have the right, in his/her discretion, to make such presentation or to submit such manuscript for
publication’. [2] ‘It is anticipated that the Institute may publish information regarding [...] findings made by
Institute employees under this agreement. [...] Institute agrees to submit a copy of the proposed publication
to the sponsor preferably at least 60 days prior to, but in no case later than simultaneously with submission
for publication. [...] In no case shall publication be delayed longer than 60 days after a copy of the planned
publication is furnished to the Sponsor.” (This second case allows for some more discretion, but the delay
can in fact be zero, in other words the research partner is not required to delay publication after a planned
date). [3] ‘(Company’s name) will be furnished with a draft of any proposed publication [...] at least 30
(thirty) prior to submission. At the expiration of such thirty (30) day [...] period, the investigators may
submit such manuscript [...] for publication.” Following are a case of 60 days,90 days and 540 days delay,
respectively. [1] ‘UNIVERSITY will submit any material to SPONSOR for review at least sixty (60) days
prior to planned submission for publication. [...] Publication of any commercially prejudicial material shall
be deferred, at the request of SPONSOR [...], however, such deferral shall in no event exceed one-hundred
and twenty (120) days from receipt by SPONSOR of the materials.” (Notice that the 120 days are calculated
starting from receipt by the company, which is required to occur 60 days before planned submission for
publication. Therefore, the additional delay is 60 days). [2] ‘(University’s name) agrees to provide Sponsor
with copies of any publication or notify Sponsor of any public presentation relating to the research 30 days
before disclosure for review and comment. Sponsor may request that disclosure be delayed for an additional
period not to exceed ninety (90) days total [...].” [3] ‘[...] the proposed publication shall be provided to
the patent counsel of the sponsor. [...] patent counsel shall have a period of sixty (60) days to review the
publication. [...] the research steering committee may in no event delay publication for the longer of (i)
eighteen (18) months from the date of discovery of the results to be published or (ii) eighteen months from
the date of filing of a U.S. patent application |[...]."



over the performance of the research project. They include the exclusive right for the
company to terminate the contract without cause, to change the direction of the research,
and to extend the duration of the research beyond that which was contractually agreed
upon; the obligation for the open-science partner to propose a research budget in order
for the research to be continued, with the approval of the company partner; the presence
of a dedicated project management body, or the provision of periodic meetings among the
parties; and also ‘monitoring’ rights like the possibility for company employees to visit the
premises where the research is conducted, and the obligation for the open-science partner
to send periodic reports on the progress of the research. Most of these control-related
provisions have been used also in previous works (see for example Lerner and Merges 1998,
Lerner and Malmendier 2005, and Robinson and Stuart 2005). In order to have synthetic
measures of the control rights of the company partner, I summed up some of the dichotomous
control variables. I first defined a ‘stricter’ measure of control, composed by those provisions
considered to have a stronger impact on the company’s ability to affect the research agenda:
exclusive termination rights; budgeting duties of the open-science partner; and a company’s
right to extend the research or to change its direction. I also defined a ‘broader’ measure
of control, into which I added the presence of a project management body, or the explicit
provision of periodical meetings among the parties, to the strict control measure. While
meetings and management bodies do not directly express the right of the company to define
the research agenda, the company can exert influence over the research by having some of its
employees interact with researchers from the open-science organization on a regular basis.
I then defined categorical variables to distinguish cases in which the firm had any one of
these rights from cases in which the firm had none.

I also coded several other characteristics of the agreement and the research project as
defined in the contracts. These included the duration of the contract, the year in which
the contract was signed, the identity of the partners (including their addresses), and the
dollar amount invested by the company. The front page generated by ReCap also classifies
the contracts according to the phase of the research with which they were concerned: from
the discovery phase (before a lead molecule is identified) to studies on the lead molecule, to
clinical trials. I categorized the phase by distinguishing the discovery phase from the later
phases.

Finally, I recorded the previous experience of the partners in similar deals. Using all of
the downloaded contracts as the ‘universe’, I built a variable that recorded whether the open-
science partner had previous collaborations with companies, and also coded previous deals

with open-science partners by a biotech company. Finally, I also tracked those companies



and open-science organizations having had previous deals with each other.

2.3 Additional data sources

Additional information was obtained from several other sources. In order to define measures
of the bargaining power of the open-science partner, I collected proxies for the ‘prestige’
of the whole organization as well as of the Principal Investigators (PIs) for the specific
project. At the organizational level, I obtained data from the National Institutes of Health
(NIH) about the annual overall ranking of each organization in terms of funds received by
the NIH.” At the individual level, I recorded the entire publication history of all of the PIs
mentioned in each contract. In addition to the publication counts, I also determined the
impact factor of each PI’s publications on a yearly basis. I was also able to determine more
finely-grained publication and impact factor counts. For example, I limited the counts to
the publication in which the PI appeared as first or last author (the first author is normally
the one who did most of the work, and the last author is the PI for the project that led
to that specific publication). I was also able to exclude publications, such as book reviews
or letters, with no real scientific novelty content. I used the PublicationHarvester software,
based on the Medline publication database and the ISI impact factor.®

In order to account for some company characteristics, I collected information from An-
nual Reports and SEC files. Some of these documents were easily available from online
sources. However, earlier data (for example, those of the 1980s and early 1990s) and infor-
mation on private companies were not easily available. I was able to retrieve some of this
info from the HBS Baker Library Microfiche collections.

A complete list of the information I have collected and the variables I have created are

reported in figures 1 and 2

[Figures 1 and 2 about here]

"In the few cases in which I was not able to find ranking information for the year of the contract, I used
information about the closest available year. In general this should not introduce substantial errors. For
example, Stanford University has been among the top 10 non profit institutions in terms of NIH funding
through the 1980s and 1990s. The dummy variables I construct discriminates between top 50 institutions
and all of the others, in a given year. It is therefore reasonable to assume that Stanford was among the
top 50 also in 1975, the year in which it signed one of the contracts in my sample but for which I do not
have NIH funding information. Similarly, City of Hope has rarely ranked higher than 200th in terms of NIH
funding in the 1980s and 1990s, therefore I assumed it did not rank among the to 50 in 1976. Also, MGH
has consistently ranked among the top 40 NIH funds receivers from 1985 to 2000. I assumed that MGH was
among the top 50 in the early 1980s too.

8See Azoulay et al. (2006). This software allows for high precision in identifying authors and publication
records. However it also imposes most of the onus to the end user for the definition of appropriate search
queries. Determining the publication records for the about 300 PIs in my sample was therefore a highly
laborious and time-consuming task.



3 Data analysis

I analyze the data in three steps. In Section 3.1, I offer a basic description of the data. When
possible, I compare the characteristics of my sample to those of samples used in previous
studies. I then perform some bivariate analyses, in order to identify some correlations of
the publication policies and the allocation of control with several features of the research
projects and of the collaborating parties. Section 3.2 describes and comments on these
analyses. Finally, in Section 3.3, I describe and comment upon the results from multivariate

regression analyses.

3.1 Descriptive statistics

Figure 3 reports descriptive statistics for the variables that I have created from the sources
of information described above. The simple collection and description of this data are con-
tributions in and of themselves, given the paucity of quantitative information and increasing

interest on the topic of industry-university research relations.

[Figure 3 about here]

The contracts span a period from 1975 to 2003. The company partner in the contracts
is typically a relatively young biotechnology company. Some companies were founded in the
same year in which the contract was signed; therefore the sponsored research represents one
of the first activities of these companies. Some companies are ‘older’, up to twenty years at
the moment the contract is signed. The average age of a company is four years. Some of
these companies were private at the moment the contract was signed, only to go public in
later periods.

Among the open-science partners, about two thirds are universities (better stated, teams
within universities, or organizations whose one of the primary missions is teaching), while
the remaining third is composed of hospitals (possibly affiliated with academic organiza-
tions), foundations, and private research institutes. Hospitals are defined as organizations

whose primary mission (possibly joint with others) includes patient care.’

9Some of these institutes, like Scripps in San Diego, CA also host PhD students and offer some classes.
Others, like Fred Hutchinson in Seattle, WA also treat some patients. However, in both cases the predominant
mission is research. At Scripps, for example, teaching is only a function of research activities, therefore this
institute is not classified as a university. At Fred Hutchinson, a limited number of patients are experimentally
treated with bone marrow transplant, however this is not a patient care facility, and its mission is related to
research. Therefore, it is not classified as a hospital in my data. Conversely, the mission of the Dana Farber
Cancer Institute, for example, if first of all to provide care to patents, while at the same time advancing
knowledge through research. Therefore, Dana Farber is classified as a hospital. The majority of cases,
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The average research project described in a contract runs for about 2.5 years, with a
range from four months to ten years. About 45% of the contracts have a duration longer
than two years. The survey by Blumenthal et al. (1996) on university researchers involved
in collaborations with companies in the life sciences shows a significantly lower median and
average duration of these interactions.

The majority of the contracts, about 57%, concern research in the discovery phase,
with the remaining 43% being composed by research in the ‘Lead Molecule’ phase for one
half, and preclinical/clinical trials and formulation for the other half. Three contracts
concern research on devices and are coded as in the post-discovery phase.'® If compared
to collaborations between companies, industrial biotech research sponsored at open-science
organizations seems more unbalanced toward early phase research. Robinson and Stuart
(2005), for example, find that slightly less than 40% of their 125 contracts concern the
discovery phase, a significantly smaller share than that I find in my data. The higher share
of early phase projects when collaborations are with academic and other non-profit research
organizations is consistent with the theoretical results of Aghion et al. (2005). They show
that it is optimal to have universities perform early stage research with commercial potential,
rather than profit-seeking organizations.

Approximately 82% of the contracts have both partners based in the United States.
The remaining contracts are split in those between an American company and a foreign
open-science organization, and those in which both partners are not U.S.-based. Foreign
countries include Canada, the United Kingdom, France, Belgium, and Australia. There
are no contracts between an American research organization and a foreign company. The
number of contracts per company spans from one to then; the number of contract per
open-science organization spans from one to eleven.

The average geographical distance between the partners is high: 1,246 miles. However,
the distribution is skewed, with a non negligible subset of contract being between co-located

partners, and only a few between very distant partners. The median distance is 389 miles.

The average delay to submission of a paper for publication is about 60 days. This turns
out to be the maximum reasonable delay the NIH recommends Universities and other non-
profit research organizations to agree upon (see NIH 1994, Blumenthal et al. 1996). About

30% of the contracts have a delay longer than two months, and this delay can reach one

like MGH or the Hospital for Sick Children in Toronto, do not present such ambiguities and are easy to
categorize.

00nly one of these three device contracts turns out to be used in the restricted sample I describe below.
The project described in this contract consist in the testing of a prototype already realized and patented,
therefore it is appropriate to consider this contract as occurring in a later phase than discovery.
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year or more in some cases. Three out of five contracts with a publication delay of one
year or more were signed by the same company, and two of these with the same academic
partner. This same company, moreover, has agreed on a shorter delay in another contract
of my sample. On the other hand, in about 30% of the contracts no additional delay is
allowed. Some open-science organizations, like the Massachusetts General Hospital (MGH),
seem particularly strong in obtaining this ‘openness’ condition. In no case may a company
partner require the suppression of a publication. This contrasts with comparable data
on biotech research contracts between companies. For example, among the 200 contracts
analyzed in Lerner and Merges (1998), 19% allow the sponsor firm to suppress publications
of the research partner. Given the number of observations in their sample and in mine, this
19% amount is significantly different from zero at any statistical significance level.

About one quarter of the contracts give exclusive termination rights to the company
sponsor, while about one third grant this right to both partners. In about ten percent
of the deals, the open-science research partner is required to submit periodic budgets and
research proposals, subject to the firm’s approval, rather than having a (possibly multi-
year) budget defined at contract time. A specific project management body is instituted in
less than 10% of the contracts. Reports and inspections are more frequent, while exclusive
rights for the company sponsor to extend or to modify the research content are rare. We
can, again, compare this data to previous studies from the same database, but concerning
deals between two companies. Robinson and Stuart (2005) find that about half of the
contracts between two companies they examined grant exclusive termination rights to the
sponsor, a significantly higher proportion than the one in the contracts I analyze. About
70% of the contracts include at least one of the broadly defined control rights for the firm,
while in about 30% of the cases the sponsor firm is granted one of the more strictly defined
rights to influence the research agenda.

Approximately half of the open-science organizations are among the top 50 worldwide
recipients of NIH funding in the year before the contract is signed. The average ‘cumulative
impact factor’ for a PI up to the year before the contract is 178.

The low average age of the companies, and the characteristics of a science-based sector,
are reflected in the financial data. Most companies have limited sales at the time of signing
the contract, and most of them are suffering net losses. By contrast, the Research and

Development (R&D) expenses are very high.
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3.2 Bivariate correlations and conditional distributions

In order to provide a first cut at the relationships of publication restrictions and control
allocation with several other characteristics of the research projects and of the parties
(both at the individual and at the organizational level), I performed a series of bivariate
analyses, including pairwise correlations, mean comparisons, and contingency tables for
different groupings of the data. Overall, 180 observations are used for analyses concerning
publication delays, while 201 observations are used for analyses involving control rights.
These are the highest numbers for which observations of all variables used in the regression
analyses (see Section 3.3 below) are available (excluding fixed-effects regressions for which
a lower number of observation is used). In order to make my comparisons across different
analyses more consistent, I limited the number of observations to the numbers mentioned
above, rather than using all of the available observation of each pair of variables. It turns

out that the results are very similar when the full sample for each pair of variables is used.

[Figure 4 about here]

Additional delays to publication are more frequent when the research project is in the
discovery phase. It can be argued that, when the project is in an early phase, a given
compound has not yet received any (or has received only limited) patent protection. Fur-
thermore, due to the plausibly incomplete information on the potential of a given research
result, defining the Intellectual Property Rights (IPRs) over this result may take some time.
However, very long delays do not seem to be required, for there is no systematic relationship
between publication delays beyond 60 days and the phase of the research.

Longer delays characterize longer research projects. Projects with a longer duration
appear also as involving greater amount of financial resources (see figure 13 below); there-
fore, we might expect firms to be more sensitive to IPR protection, and possibly research
partners to be more willing to agree on longer delays, given that they are being supported
for greater financial amounts. More generally, longer projects imply a greater commitment
by a company; thus we can expect more sensitivity to IPR protection by companies. Early
phase projects, moreover, seem to require longer time for completion (see again figure 13);
this may confound our ability to distinguish the impact of duration on publication delays

from the impact of the phase of the research.

[Figure 5 about here]
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Interestingly, universities, unlike other non-profit research organizations, seem to allow
on average for longer delays. At the opposite, hospitals seem able to obtain the highest
research openness: less than ten percent of hospital-based research teams are constrained
by a publication delay longer than 60 days, against an overall frequency between one quarter
and one third. This fact can in part be explained by hospital-based teams performing post-
discovery research with higher frequency, and engaging in projects with shorter duration
(see the correlation tables in figure 4 and the contingency tables in figure 13). However,
both the difference in average publication delays and the much higher occurrence of no

delay at all (see figure 7), hint at some additional peculiarities of hospital-based teams.

[Figure 6 about here]
[Figure 7 about here]

Moreover, as shown in the contingency tables (figure 13 on page 39), there is a non-
negligible number of hospital-based teams engaged in discovery/early phase research. Promi-
nent institutions like the Massachusetts General Hospital and Sloan Kettering Cancer Cen-
ter are well-known to be engaged in basic research. To a more accurate look at the single
data points, in fact, this higher openness appears to be due in large part to a few organiza-
tions, such as MGH, where researchers are very reluctant to grant publication restrictions of
any sort. Conversations with company managers involved in deals with several open-science
partners, and with MGH researchers confirmed this fact.

American open-science organizations are significantly less likely to agree on publication
delays, and especially on long delays. This may derive from some requirements of U.S.
public agencies, such as the NIH, to limit the concession of delay, while such requests may
be looser in other countries.

The overall ‘prestige’ of an open-science organization, as expressed by the ranking in
NIH funding, is not correlated with publication delays, while the prestige of the Princi-
pal Investigator is weakly negatively correlated to the presence of long publication delays.
Prominent scientists may be therefore able to obtain better deals in terms of their ability to
promptly diffuse their findings. In turn, firms may be willing to be less secretive in exchange
for the services of major scientists.

While a company’s size (as expressed by the value of its assets) is not significantly
correlated with publication delays, contracts with very young companies (just founded or

one year old at contract signing) are characterized by shorter delays to publication. These
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younger companies may have a lower bargaining power, or may still be affected by the ‘aca-
demic background’ of the founders, when these founders are scientists. Finally, a younger
company might prefer more openness in order to achieve quick visibility and reputation.
The alignment of interests between the parties would therefore be higher.

Another fact that emerges from these bivariate analyses is that restrictions to publica-
tions of any sort have been more often introduced in more recent years than in the 1970s and
1980s (see figures 5 and 8). Several scholars have noticed an increasing acceptance across
universities, over time, of the fact that researchers receive money from industrial sponsors,
and of the different rules that these relations require. It is therefore plausible that more

recent deals include some form of additional secrecy in research.

[Figure 8 about here]

Contracts concerning early phase research command stronger control for the company
partner. However this relationship seems stronger for less ‘strong’ rights (the relationship
is significant for the broad definition of firm control-see figures 4 and 9) than for the ability

to influence more explicitly the research agenda.

[Figure 9 about here]

The strongest predictor of the level of control by a firm appears to be the duration of a
research project. If research is such that a longer amount of time is predicted for comple-
tion, then a firm exerts, as witnessed in the contracts, a stricter authority over the project
management and performance. This is discussed in more detail in the description of multi-
variate regression results in the next session; however, I state here that longer projects imply
a greater commitment of time and resources by companies. Also, unforeseen contingencies
are more likely to occur (ex ante) if the projects last longer, and the sponsoring party might
want to keep the prerogative to terminate (and possibly re-negotiate) a deal. The duration
of the project is strongly and positively correlated with all of the different measures of con-
trol, as well as with most of the single provisions that compose these synthetic measures

(see figure 9 at page 35).

[Figure 10 about here]
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Unlike the case of publication delays, there is no clear trend in the allocation of control
rights to the sponsoring company over time. An interesting exception is represented by
budgeting duties for the research partner, which seem to have declined over time. This
pattern may simply be due to the few instances in which open-science partners have bud-
geting duties (around thirty instances overall), so that even small absolute variations have
greater impact on percentages. However, the finding also calls for further investigations
into those control provisions that received greater attention in the earlier days of industry-
university relations in biotech, than they have in more recent years. A series of interviews
with technology transfer officers as well as in-depth historical analysis would be appropriate.

Other relevant control provisions, such as unilateral termination rights without cause
for the sponsoring company, do not show any time trend. However, as table 9 displays, re-
search teams based in open-science organizations that differ from universities, and notably
hospital-based teams, are associated with a significantly lower frequency of unilateral termi-
nation rights by the sponsor. Together with the findings on publication delays in different
open-science organizations discussed above (page 14), these results hint at some possibly
substantial differences among types open-science organizations. Termination rights are also
slightly more frequently associated with projects in the discovery phase. It can be argued
that a company has not committed substantial resources at these early stages, and is more
worried about the possibility to exit the relation promptly and before further investment.

Among the ‘stricter’ control provisions, the allocation of termination rights is that which
is the most present in the contracts (though apparently at a lower rate than in research
contracts between firms, as discussed above and as shown in the descriptive statistics at
page 29). Conversations with managers of biotech companies and with officers in technology
transfer and sponsored research offices of a few open-science organizations confirmed that
this right is perceived as an important one, and as a possible source of conflict among the
parties. Termination (possibly followed by renegotiation, I conjecture) appears therefore
as the main channel through which a company exerts some control over the agenda of the
projects it sponsors in academic and other open-science institutions. Other channels like
periodic budget duties are less frequent. Still others, like the unilateral right to modify the

direction of research, or to extend the duration of the project, are very rarely present.

[Figure 11 about here]
[Figure 12 about here]
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As for the broader control provisions, periodic meetings are explicitly defined in about
40% of the contracts. These meetings are significantly more likely to be defined for projects
in the discovery phase than for later stage projects. One may argue that, in earlier phases
of a project, information is more incomplete, and both the beliefs and interests of the
parties are more likely to diverge. Periodic meetings can therefore help smoothing these
divergences. Interestingly, longer projects do not differ from shorter ones along the provision
of periodic meetings. Companies seem to deal with the challenges related to longer projects
through provisions that imply a more direct intervention over the research, than simply

through meetings.!!

Finally, one should note that there is a positive relationship between the prestige of
a PI and the distance between the parties. This is consistent with the arguments and
findings of Mansfield and Lee (1996), who argue that companies move farther away from
their geographic regions in search of academic partners, only if the quality of the scientists

is very high and cannot be found locally.

[Figure 13 about here]

3.3 Regression analyses

While indicative of some general patterns in the data, and possibly stimulating further
theoretical and empirical inquiries, the bivariate relations discussed in the previous section
may hide spurious correlations due to the co-variation of other variables. In order to detect
correlations between the variables of interest in a more systematic and convincing way — i.e.
while keeping all other variables constant — I performed multivariate regression analyses.
I first used several indicators of publication delays as dependent variables, and then some
indicators of the company’s control over the research. Most of the analyses I performed
have categorical values as left hand side variables.!? In the regressions with control provi-

sions as dependent variables, I used the two aggregate measures of control, more precisely

UTnterestingly, the institution of a dedicated project management body is significantly more likely for
projects with longer duration. A specific management body or steering committee is arguably a more direct
and influential form of control than generic meetings among the parties’ representatives. Since there are
very few occurrences of this provision, I do not perform any more systematic statistical analysis with it. T
make the same choice for the two ‘stricter’ control rights that appear only rarely in the data: the company’s
unilateral right to extend the duration of the project, and the company’s unilateral right to change the
content and direction of the research.

12Tn particular, I report here regression results where the publication restriction variables are a dummy
for whether any post-submission delay is defined at all, a dummy for whether such delay is greater than 60
days, and a trichotomous variables for zero delays (value 0), positive delays no longer than 60 days (value
1), and delays longer than 60 days (value 2). Using these categorical variables allows us to distinguish
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dichotomous variables having value zero if no control right is attributed to the company,
and value one if at least one of the rights that composes the aggregate measures is given to
the firm. This choice is meant to control for outliers and for the skewed distribution of the
aggregate control variables toward zero.'® Among the single specific provisions, I performed
regressions only on a company’s unilateral termination rights, since this appears to be the
most relevant single control right.

Ordinary Least Squares (OLS) regressions (or linear probability models) with White-
robust standard errors were employed; probit and logit regressions convey very similar
results. In the tables reported below, I also show some preliminary results from fixed effect
regressions, with the open-science organizations being the cross sectional unit of analysis.
So doing, I control for invariant, unobservable characteristics of open-science organizations
— for example, the specific ‘philosophies’ of Technology Transfer offices; these apply to all
of the research labs in a given organization. In order to perform these panel analyses, I
needed to limit my sample to the cases in which an open-science organization had signed
at least two contracts. In addition, fixed effects regressions further reduce the degrees of

freedom. These results need therefore to be taken with caution.'*

[Regression table on publication delays about here]

Regarding the project, company, and research organization characteristics that are cor-
related with publication restrictions, the effect of the phase of research over the probability
of not having any delay to publications ‘resists’ the series of additional variables I partialed

out from the regression. The duration of the research project, as well, keeps a very strong,

between different types of delays, with cutoffs consistent with what the scientific community (especially in
the physical and natural sciences) considers more or less ‘acceptable’. Therefore, the regression results are
easy to interpret. Moreover, by defining different dependent variables with different cutoff points, one can
also distinguish between variables correlated with long, less acceptable delays, and those correlated with the
presence of any delay at all. In regressions not reported here, I have used the number of days of publication
delay as the dependent variable. I also made some corrections are made in order to account for outliers, such
as the few cases of publication delays longer than 200 days — for example by using the natural logarithm of
the number of delays (setting In(0)=0, or using In(publication delay+1) in order to deal with the presence
of zeroes) or by running negative binomial models (the dependent variable is non-negative and discrete, and
negative binomial techniques are less sensitive to outliers than standard Poisson regressions, because they
weights for over-dispersion). Notice that also the use of categorical variables is a way to reduce outlier issues.
Especially when these corrections are made, results are consistent with those reported in the tables below.
13Exercises with the actual number of rights as dependent variable convey very similar results.

4 As can be seen from the regression tables, I do not report regression results where financial variables
are included among the regressors. Regressions including these variables did not show any improvement
and the coefficients associated to these variables are not significant. Moreover, I was not able to collect
information for all of the companies. The sample since would shrink further were the financial variables
added. Therefore, for the moment I leave them out, planning to explore more in depth their effect once
additional data will become available.
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stable and robust positive effect on the various degrees of publication restrictions. In addi-
tion to what said in the description of the bivariate analyses, we can argue that a project
in an early phase, as well as a project that is supposed to require a longer time to be com-
pleted, is more likely to be a more complex project. Therefore, the definition of IPRs over
the research may require some extra time. Moreover, in a longer project, researchers may
also be publishing partial results, and a company may be more reluctant to allow for this,
which can compromise its ability to capture value out of the competed project if information
leaks out before completion.

Research teams in hospitals are significantly more likely to keep their research as open
as they would have without company funding. This result is consistent with the finding
of Seashore Louis et al. (2001), who show that in the life sciences clinical faculty mem-
bers are less secretive in their research than non-clinical faculty members. The negative
estimated coefficient is significantly different from zero in the regression with no delay as
the dependent variable, and in the regressions with the trichotomous distinction of degrees
of delay. It seems, therefore, that hospital-based teams characterize themselves especially
for the absence of any form of delay than for the level of the delay. Notice also that the
regressions control for phase and duration, and still the estimated coefficient on ‘Hospital’
is significant is several cases; therefore, as argued in the previous section, the fact that
hospital-based teams are more likely to undertake shorter and later phase projects does not
entirely explain the higher openness that these teams show.!® As in the bivariate exercises,
private universities do not present any systematic peculiarity.

More prestigious scientists are less likely to be given stronger restrictions to publications,
but this relationship disappears when fixed-effects for the research organization are added.
The overall prestige of an organization is negatively associated with the probability of
imposing a publication delay of any length in the fixed-effect exercise. Since fixed effects
are used, this result says that, in periods in which an open-science organization is highly
ranked in terms of NIH funding, researchers in this organization obtain better ‘openness’
conditions from company sponsors. The presence of higher NIH funds in a given period
may also increase the bargaining power of the research partner, since it is more likely
that alternative funds are available. The value of the estimated parameter on the variable

NIH top50 (see column 5 of the first regression table), however, is very large and leads to

15 As mentioned in the previous section, these peculiarities of hospital-based teams may be due to a few
major organizations that are present with multiple contracts in my sample, notably MGH. I performed some
exercises with a dummy for MGH among the regressors, and I also excluded the ten observation where MGH
team are involved. The estimated coefficient on MGH is significant and slightly weakens the significance
(but does not change the sign) of the ‘Hospital’” variable. More generally, results are very similar in these
unreported exercises.
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some doubts about its consistency. The size of the sample as well as the fact that there
are only very few cases in which an open-science organization ranks within the top fifty
NIH receivers in some periods, and below the top fifty in a different period, should make
us cautious in interpreting this value.

The finding of the presence of increased restrictions to publication in more recent years,
described in the previous section, appears as less strong in the multivariate analyses.!'
The positive relationship between age of the company and restrictions to publication keeps
its statistical significance even when the relationship with the other regressors is partialed
out, therefore making sponsor’s age a major predictor of the level of openness in industry-
financed academic research. Plausibly, younger companies have lower bargaining power,
and may compensate for a reduction in secrecy with an increase in visibility and access to
scientific network, by having the research performed on their behalf promptly published.
In the mean comparison table in figure 5, I also show that prestigious PIs have especially
lower average publication delays in younger companies (due to the small sample size, I
do not obtain strong statistical power, however). Younger companies may benefit more
from dealing with a more respected scientist. While this require more detailed scrutiny, a
preliminary and incomplete search of the companies’ founders shows that, in some cases,
academic scientists (and even the PI of the collaborative project under exam) are among a
company’s founders, and the research described in the contract is one of its first activities.
This can also explain why ‘newborn’ firms agree on greater openness.

Consistent with the findings in the bivariate exercises, deals between American partners
are less likely to include major delays to publication. The geographical distance among the
parties, as well as any previous experience of academic-industry collaborations, do not show

any significant co-movement with publication restrictions.

[Regression table on control about here]

The positive impact of project duration upon the level of company control over the
research is robust to different empirical model specifications, and appears as the variable

most strongly related to company influence. As mentioned above, it can be argued that,

'5Regressions using a time trend rather than a dichotomous variable for period convey similar if not
stronger results, with a positive and significant coefficient associated to the time trend variable. Regressions
with year dummies convey similar result as well, however the coefficients associated to the dummies, while
showing a clear increasing trend, are not jointly significant. I suspect this may be due to the small sample
size and to the small number of observations in some years.

Note also that the majority of the contracts have been signed in the last fifteen years (see the descriptive
statistics at page 29).
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since the project is longer, the company is committing more resources (not only financial)
and is more dependent upon the outcome of the project; it therefore asks for a stronger
ability to influence its direction. Also, the longer the project is supposed to last, the
more likely that unforeseen contingencies can happen, and the company might want to be
able to modify or even terminate the originally agreed-upon project more promptly (on
this point, see also Chapter ?7?). The phase of research (even when coded according to
different criteria, e.g. by grouping the discovery and lead molecule phases together) is
not an adequate predictor of the sponsor’s control. This is also the case for termination
rights, which resulted as weakly correlated with the project being in earlier phases in the
bivariate analyses described in the previous section. The positive correlation is still present,
but it loses statistical significance. This result also counters the results of Lerner and
Malmendier (2005), who find a positive relationship between unilateral termination rights
and the research being in earlier phases.

As in the bivariate analyses, tighter control is more likely to be exerted by firms over
university-based teams than over teams based in other research organizations; however,
the regressions do not have enough statistical power to reach statistical significance in all
cases. Teams in more prestigious organizations (and that attract more public funding) keep
higher control over the research. Plausibly, a company is more willing to allow a project
to take directions it does not completely approve when highly talented people are working
on the research. Also, having a tie to a prestigious research organization may generate
extra-benefit for a company; therefore, companies may enjoy other types of returns, even if
the projects turn out to fare poorly in economic terms. See Mansfield and Lee (1996) for
similar considerations. While publication restrictions appear as related to the prestige of
the PI directly involved in the project, the authority over the research conduct is related
(albeit weakly) to the prestige of the open-science partner overall. The data constraints
and the noise in the variables chosen to proxy for prestige might explain these findings.
However, the locus of bargaining may not be the same for different provisions. Prominent
Principal Investigators, for example, may be particularly influential in guaranteeing that
the research results are promptly diffused in the community of peers, while administra-
tors or organizational guidelines may deal, say, with termination rights for the company
sponsor. The finding that publication delays seem to have changed, on average, over time,
while most of control rights have not, may be seen as consistent with this interpretation,
if we believe that decisions taken at a more aggregate level in an organization are slower
to change than choices delegated to single individuals or small teams. More generally, the

fact that control rights have fewer and weaker correlations with other characteristics of the
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contracts and of the parties than publication restrictions, may indicate a greater stability or
inertia of these provisions. More detailed analyses and case studies of guidelines for spon-
sored research and of the bargaining processes would help to substantiate these conjectures.
Just as geographical distance and previous contracting experience do not appear as strong
predictor of publication restrictions, so these dimensions are not significantly correlated to

the allocation of decision power among the parties.

When introduced in the regressions, fixed effects at the level of the ‘open-science’ part-
ner are generally jointly significant. There appear to be institutional and organizational
characteristics that affect all of the research contracts signed by teams within the organi-
zation, regardless of the specific characteristics of the research project and of the parties.
It is well-known in the literature that different universities have different attitudes toward
relations with industry and technology transfer, with some organizations being more fa-
vorable than others, or having moved toward the development of relations with industry
earlier others, or both (Feldman and Desrochers 2004, Mowery et al. 2004). I conjecture
that these differences are among the main determinants of the statistical significance of the
fixed effects. However, as noted above, the small size of the fixed-effect sample leads me

not to stress these results too much. Additional data and further analyses are necessary.

4 Conclusion: implications and directions for future work
4.1 Managerial and policy insights

The variety of data sources that provide the information of my study allow an analysis of
the relationship between some major provisions of ‘industry-university’ research contracts,
and several characteristics of the project and of the parties. This, in turn, spurs a number
of managerial and policy considerations.

From a managerial standpoint, this study offers insights about those characteristics of a
research project and of an ‘open-science’ partner that may lead a firm either to reinforce the
control over and the secrecy of the research, or to delegate more power over the research
agenda and the diffusion of the results to the research partners. Projects that require a
longer time commitment, for example, may require a firm to be more directly involved over
the research, and also to monitor the protection of Intellectual Property Rights more closely.
On the other hand, a firm may trade off the prestige of the research partner for a reduced
influence over it, possibly hoping for extra benefits from the research through additional
channels, such as higher productivity and likelihood of success, higher visibility, and access

to high-end scientific networks. A few existing studies have found that these channels are

22



indeed highly considered by companies (Cohen et al. 2002, Agrawal and Henderson 2002).
For example, start-ups may face a trade off between letting the research results be freely
available as soon as possible, so as to enhance the firm’s visibility, and protecting their
(ill-defined) intellectual property. Companies also need to pay attention to the phase of the
research in the definition of contractual provisions related to the protection of intellectual
property. As shown above, early phase research projects may require additional forms of
protection and therefore additional negotiation with the academic partners concerning some
form of publication delay. A more general insight from this analysis is that companies seem
to recognize (or academic organizations are able to impose) the specific status of their open-
science partner, by agreeing, in the majority of cases, to relatively mild forms of control.
Regarding policy considerations, the risk of excessive secrecy and diversion of the re-
search agenda when academic research is sponsored by industry has received a great deal
of attention in recent years. In this respect, a first contribution of my study is to quantify
these problems, by offering detailed data on such issues as the frequency of publications
delays and their lengths, and the kind of control rights over the research industrial sponsors
retain. The study also informs about the type of companies and of open-science organiza-
tions that are more likely to manage in these inter-institutional agreements. Second, my
regression results point out some relevant associations with policy implications. For ex-
ample, stimulating collaborations on early, basic research or on longer projects may imply
that academic organizations accept stronger control and secrecy over their research. Also,
pushing for the substitution of public money for private resources may have different effects
for highly-respected (and highly publicly funded) institutions than for the less prestigious
ones. Since the latter group is more likely to be in need of money from private sources, we
should also expect to observe more restrictive contractual provisions. My finding about the
more liberal provisions in contracts involving hospitals (and more generally teams based
in open-science organizations different from universities) should induce policy scholars to
investigate the differences between teams affiliated with medical institutions as opposed to
other public research organizations, and in particular the features of some hospitals like
MGH, where freedom and openness of research are raised to their extreme level in almost
of the deals that I have analyzed. In fact, a valuable complement for my large-sample study
would the to conduct a series of case studies that follow the creation of specific contracts, in
different organizations, from the moment the parties establish a contact, to the negotiation
phase, to the conduct of the research and its outcomes. The result of this multi-method
analysis may give us insights into whether there in fact exists a unique scientific commu-

nity with shared rules, or different institutions in the scientific community are committed
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to different sets of rules and respond to different incentives. Finally, by pointing out the
circumstances under which contracts include potentially more controversial provisions, my
analysis contributes to an identification of the situations in which contrasts may emerge be-
tween academic and industrial partners. This, in turn, would help to define the feasibility
of these research relations, and to predict the extent and directions they might take over

time.

4.2 Limits and future work

The proposed analysis is limited by several data constraints, some of which are highlighted
above. Such relevant information as financial data is available only for a subset of the
companies; additional effort to retrieve company financials is necessary. The analysis would
also benefit from a more detailed knowledge of the activities of the academic researchers
involved in the projects. Were the Pls actively involved in the sponsoring companies, for
example as members of the Scientific Advisory Boards, at the time that the contracts were
signed? Were they in the founding team? Does this more direct involvement reflect in any
contractual provision, such as the acceptance by the PI of stricter restrictions to publication?
Just as more detailed information at the level of the single researchers is important, so is
information at the organizational level. For example, many universities and other non-profit
research institutions have changed their guidelines on conflicts of interest and commitment
over time, as well as their guidelines on the type and degree of acceptable restrictions
by company sponsors. These organizations, moreover, typically differ among each other
along these dimensions in any given period. Acquiring this information would facilitate the
isolation and appropriate quantification of the impact of institutional constraints on single
contractual relations. With reference to the results described above, this more detailed
information might assist in explaining, for example, why publication restrictions seem to be
correlated with the prestige of the single investigator, while the allocation of authority over
the conduct of the research appear as related to the status of the whole research organization.
Also, a higher number of data points would allow splitting the sample across some relevant
dimensions, e.g. the prestige or the type of research organization, or the historical period, in
order to assess whether the relationships described above hold differently for some subsets
of observations.

The collection of these sets of information is going to be extremely difficult, especially
if the required data come from far back in the past, e.g. from the 1980s or the early 1990s.
There is no guarantee, in fact, that these data are available for a sufficiently large and

heterogeneous set of research organizations, scientists, and companies. For this reason, an
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alternative strategy would be to focus on a small number of cases, rather than on large
samples, and to proceed through qualitative, archival, and historical inquiry, as well as
through interviews, rather than through statistical analyses.

Further insights into research collaborations between companies and research organiza-
tions can be obtained by changing the unit of analysis, the dependent variables, and the
industry. The study at the contract level could be complemented with an analysis of the
characteristics and the behavior of the single Principal Investigators. Do scientists who
perform industry-sponsored research differ from the ‘average’ researchers in any relevant
manner? I am currently in the process of collecting bibliometric as well as demographic
information on the PIs mentioned in the research contracts I have analyzed. I am using
a plurality of sources, which I aim to complement with a set of direct interviews. I plan
to define an appropriate ‘control sample’ of scientists, and to compare such features as
age, education, and scientific productivity between the two groups. An appropriate control
sample may be composed, for example, by a random selection of scientists from the same
department where the PIs in my contracts were working. Also, is the type, rate, and direc-
tion of scientific activity of these PI affected by their participation in industry-sponsored
research? Existing studies have tested for the complementarity vs. substitutability between
scientific and commercial work using patenting activity as the proxy for commercial activity
— a clean but rather imprecise measure, especially in those fields like the life sciences where
also basic research results are patented, and the sheer patenting process is delegated to the
Technology Transfer Office. Actual interactions with companies, for example in the form of
sponsored research, are more accurate measures, though collecting full information about
these relationships appears to be difficult, as well solving obvious endogeneity issues in any
statistical analysis.

As for alternative constructs of interest, my study does not allow to say anything about
the outcomes (both commercial and scientific) of the research projects described in the
contracts. It would of course be of great interest to track these projects beyond the moment
in which the contract is signed, and possibly to relate different types of outcomes to the
contractual provisions. Again, integrating large sample statistical analyses with in-depth
studies of a few instances appears as a promising approach.

Finally, it surely is time to move the study of industry-university relations beyond
biotechnology and the life sciences, and toward other fields of research and industries. The
widespread focus on biotech has been motivated both by the availability of data, and by
the relevance that this sector has both for managers and for policy makers (and these two

reasons of course depend on each other). However, industry-university relations have been
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present in other areas as well — for example in chemicals and semiconductors — and are also
developing in such new fields as nanoscience and nanotechnology. Additional information
on these sectors, and comparisons with fields where data and analyses are already available,

are in order.
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Variable name and description

Source

Pub_Delay: longest delay the company can ask to the submission of a paper to a
journal, beyond the submission date defined by the PI and his/her team
Pub_Delay0: =0 if the company cannot ask any delay to the submission of a paper to
a journal, beyond the submission date defined by the PI and his/her team; = 1
otherwise.

Pub_Delay60: defined as Pub_Delay0, but with 60 day delay as the cutoff. 60 day is
the maximum ‘acceptable’ delay a university should allow for, according to the NIH.
Notice that the average time from first submission to publication in Science is about
90, and reviews are sent to author in 4-6 weeks of submission. Therefore a 60 days
delay is a substantial one in the Life Sciences.

PubDelay0_60_more: =0 if no delay; =1 if the delay is >0 and <=60 days; =2
otherwise

Contracts (Recap)

Proj_manag_body: =1 if the parties establish a dedicated committee to supervise the
project; =0 otherwise

Other_Meetings: =1 if the parties are required to regularly meet; = 0 otherwise
Either_term_rights: =1 if cither party can terminate the research ‘without cause’, e.g.
not for specific reasons (bad performance, ...); =0 otherwise
Firm_sole_term_right: =1 if only the company partner has the riegh of termination
without cause; =0 otherwise

Uni_budget: =1 if the ‘open-science’ partner is require to periodically send proposals
(research and budget) in order to obtain funding for the following petiod; =0 o/w
Uni_report: =1 if the open-science partner is require to send reports on the state of
the research; =0 otherwise

Firm_inspection: =1 if company people can enter the open science partner’s lab and
inspect the work; =0 o/w

Firm_extend: =1 if the firm has the exclusive right to extend the duration of the
research contract; =0 otherwise

Firm_modify: =1 if the firm has the exclusive right to modify the direction and
content of the research; =0 otherwise

Contracts (Recap)

Control: sum(Proj_manag_body, Other_Meetings, Firm_sole_term_right,
Uni_budget, Firm_extend, Firm_modify)

Control0: =1 if control>0; =0 otherwise.

Control_Strict: sum(Firm_sole_term_right, Uni_budget, Firm_extend, Firm_modify)
Control_Strict0: =1 if Control_Strict >0; =0 otherwise

Contracts (Recap)

Duration: duration (in years) of the research project, excluding ‘ex post’ extensions
Duration2: =1 if duration>2, 0 o/w

Size: contract dollar size (in 2000 dollars)

Contracts (Recap)

EarlyPhase: =1 if research is in discovery phase; =0 if research is in later phases (lead
molecule, preclinical, clinical trials, formulation) or if the research is about a device.

Contracts (Recap’s front

page)

Figure 1: Variable Construction (continues in next page)
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Variable name and description

Source

Firm_Uni: =1 if the open-science partner is affiliated to a university; =0 o/w
(partner is a hospital, a foundation, a private research center. Public agency like NTH
or USDA are excluded)

Privuniv: =1 if Firm_uni=1 and the university is private; =0 o/w

Hospital: =1 if Firm_Uni=0 and partner is a hospital (possibly affiliated to a
university); =0 otherwise

Contracts, manual

checks

NIH_top50: =1 if the open-science partner is among the 50 organizations worldwide
receiving the highest NIH support in the year before the contract is signed; =0 o/w

PI_impactFact: cumulative impact factor of all the publication the PI (or, if more
than one PI, the one with the highest value) has up to the year before the contract is
signed

PI_prestige75: =1 if PI_impactFact is in the top 25% in my sample; =0 o/w

NIH database

Medline Search +
PublicationHarvester
Software

US_US: =1 if both partners are US-based; =0 o/w

Distance: geographical distance between the partners, in miles (if firms has multiple
sites, the one closest to the open-science partner was considered)

Distance_short: =1 if distance<=100miles; =0 o/w

Distance_med: =1 if 100miles< distance<=1000miles; =0 o/w

Distance_long: =1 if distance>1000miles; =0 o/w

Contracts (Recap)

Contracts (recap) + web
searchfor addresses; web
search.

Distance calculator at
http:/ /www.geobytes.com/Ci
tyDistanceTool.htm?loadpage

Year_Sign: Year in which the contract was signed
Period: =1 if Year_Sign>1990; =0 o/w

Contracts (Recap)

Assets: company’s total assets in year before deal is signed

Revenues: company’s revenues in year before deal is signed

RD: company’s R&D expenses in year before deal is signed

Equity: company shareholders’ equity (deficit has minus sign) in year before deal is
signed

Cash: company’s cash and equivalents in year before deal is signed

Net_income: company’s net income and equivalents in year before deal is signed

Year_found: year of company’s foundation/incorporation
Firm_age: year of contract signed-Year_found
Firm_agel: =1 if Firm_age>1; =0 o/w

Compustat; company’s
annual report and SEC
files; Kresge Microfiches
(HBS Baker Library);
Thomson Global
Access; Web search.
Financials are in 2000
dollars

Figure 2: Variable construction - cont’d
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Variable Obs Mean StDev Median Min Max Mean/Median in other studies

Pub_Delay 245 61.10 82.34 45 0 540

Pub_Delay0 245 .70

Pub_Delay60 245 27

Pub_Delay0_60_more 245 97 75 1 0 2

Suppress Publication 245 0 .19 (mean; Lerner-Merges 1998)
Firm_sole_term_right 283 24 .54 (mean; Robinson-Stuart 2005)
Uni_budget 283 12

Firm_extend 283 .06

Firm_modify 283 .02

Other_meetings 283 43

Control 283 92 75 1 0 4

Control0 283 .70

Control_Strict 283 43 .64 0 0 3

Control_Strict0 283 30

Duration 269 2.46 1.73 2 33 10 1 (median; Blumenthal et al. 1996)
Duration2 269 44

Size ($million) 211 2.24 11.43 43 0 132.0

EarlyPhase 257 .57 .40 (mean; Robinson-Stuart 2005)
Firm_Uni 283 .66

Privuniv 281 .29

Hospital 280 21

NIH_top50 258 49

PI_impactFact 259 178.05 254.24 87.79 0 14406.

PI_prestige75 259 .25 82

US_US 283 .82

Distance 281 1246.63  1976.19 389 0 10530

Distance_short 281 37

Distance_med 281 26

Distance_long 281 37

Year_Sign 283 1992.41 4.96 1992 1975 2003

Period 283 71

Assets (million$) 234 17.80 31.7 7.61 0 292

Revenues 238 3.01 7.35 3.51 0 88.2

RD 229 5.29 7.45 3.08 0 55.6

Equity 229 11.6 22.8 3.54 -17.8 163

Cash 229 12.4 241 3.88 0 246

Net_income 237 -5.19 7.87 -3.46 =77 12.8

Year_found 276 1988 4.98 1988 1973 2000

Firm_age 276 4.38 3.66 4 0 20

Firm_agel 276 79

Figure 3: Descriptive statistics. See figures 1 and 2 for the construction of the variables. Means
and medians from other studies reported in bold type are significantly different from those in the
present study at 95% level or more.
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1 Pub_delay

2 Pub_Delay0 0.48

3 Pub_Delay60 0.66 0.39

4 Pub_Delay0_60_more 068 0.84 0.83

5 EarlyPhase 011 024 000 015

6 Duration2 027 018 033 030 0.13

7 Firm_Uni 020 026 025 031 015 0.10

8 PrivUniv -0.08 0.12 -0.04 0.05 025 0.09 046

9 Hospital -022 -0.34 -025 -0.36 -0.15 -0.11 -0.82 -0.38

10 NIH_top50 -0.03 0.01 -0.07 -0.04 0.11 001 -0.08 014 0.10

11 Plprestige75 -013 -0.03 -014 -0.10 0.10 020 -0.11 0.05 0.09 0.05

12 US_US -0.31 -015 -0.34 -0.29 -0.01 -019 -012 024 0.11 037 -0.01

13 Period 018 022 016 023 -0.08 005 014 -0.08 -021 -0.16 -0.05 -0.12

14 F'erfagel 008 025 012 022 -0.01 -0.11 -0.07 -012 0.07 006 -0.11 -0.06 0.15

15 Past_Deal_Firm 0.02  0.00 004 003 002 -017 -0.02 -0.02 002 -0.04 -0.11 002 018 0.46

16 Past_Deal Uni -0.06 0.07 -0.15 -0.05 -0.01 -0.09 -0.04 0.00 0.09 029 0.06 018 021 012 0.07

17 Past_Deal Same 015 -0.04 0.02 -0.01 013 0.05 -0.05 -0.09 0.03 002 -0.02 0.00 007 011 036 0.29
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 Control

2 Control0 0.81

3 Control_stict 0.74 045

4 Control_stict) 0.68 049 091

5 Firm_sole_term_right 054 037 073 0.75

6 EarlyPhase 013 012 0.03 004 0.10

7 Duration2 028 024 022 021 022 0.12

8 Firm_Uni 0.09 000 011 009 017 013 0.06

9 PrivUniv 0.10 0.00 0.07 006 011 022 010 045

10 Hospital -0.07 0.00 -0.08 -0.06 -0.14 -013 -0.06 -0.82 -0.36

11 NIH_top50 -0.06 -0.09 -0.08 -0.08 -0.07 0.09 0.00 -0.03 014 0.07

12 Plpresu'ge75 0.09 012 006 005 004 008 019 -0.09 0.09 0.08 0.07

13 US_US -0.10 -0.07 -0.04 -0.02 -0.02 -0.01 -016 -0.07 024 0.05 038 0.00

14 Period 0.03 0.00 -0.02 -0.04 005 -011 006 016 -0.04 -020 -0.12 -0.04 -0.10

15 Firm_agel 0.03 -0.03 0.00 -0.04 -0.02 -0.03 -014 -0.03 -0.10 0.02 004 -0.10 -0.07 0.15

16 Past_Deal Firm 0.02 000 007 006 011 001 -015 003 001 -0.01 -0.06 -0.10 0.01 021 0.46

17 Past_Deal_Uni 0.00 001 -0.01 -0.02 009 -0.07 -0.11 000 005 005 030 008 019 023 016 0.07

18 Past_Deal_Same 0.04 0.06 0.09 011 014 008 005 -0.03 -0.06 001 005 -0.02 001 009 011 036 0.28

Figure 4: Pairwise correlation coefficients (see figures 1 and 2 for the construction of the variables).
N=180 in the first table, and N=201 in the second table. Coefficients in bold types represent
correlations significant at the 90% level or more (p-value below 0.10). See Appendix A below for
detail on the calculation of the correlation coefficients and the significance tests.
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Obs  Pub_delay Pub_Delay0 Pub_Delay60

Discovery Phase 106 65.80 .80 27
Post Discovery Phase 74 49.05 .58 27
Hospital 42 27.86 .43 .07
Non-Hospital 138 68.37 .80 33
University 124 69.56 .79 .35
Non-University 56 35.36 .54 11
Duration<=2 103 40.49 .64 15
Duration>2 77 83.57 .81 .44
PI top 25 51 42.65 .69 .18
PI bottom 75 129 65.35 72 31
PI top 25, firm's age <=1[ 15 28.00 .53 .07
PI bottom 75, firm's age <=1| 25 59.40 48 24
PI top 25, firm's age >1| 36 48.75 .75 22
PI bottom 75, firm's age >1| 104 66.78 .78 33
NIH top 50 95 56.37 72 24
NIH below top 50 85 61.77 71 31
1975-1990 54 37.22 .56 17
1991-2003 126 68.21 .78 32
Firm's age<=1 40 47.63 .50 18
Firm's age>1 140 62.14 .77 .30
Obs 180

Figure 5: Mean comparisons for different groupings of the data (see figures 1 and 2 for a description
of the variables). Numbers in bold type indicate that the differences in the means of two given sub-
samples are significantly different from zero at the 90% significance level or more. Numbers in italics
indicate differences significant between 85% and 90% levels. See Appendix A below for details on
the construction of the mean comparison tests.
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Figure 6: Distribution of publication delays, for different groupings of the data.
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Figure 7: Distribution of publication delays, for different groupings of the data — cont’d.
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Figure 8: Top chart: Scatter plot of publication delays in different years. Bottom chart: average
and median publication delays over time. Date year = year-1900 (for example, 90 stands for 1990).
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Obs  Meetings Firm_sole_term Uni_budget Control  Control0 Control_stict Control_stict)

Discovery Phase 120 48 28 12 1.00 .74 A7 .38
Post Discovery Phase 81 32 .19 14 .80 .63 A2 .33
Hospital 46 43 13 17 .83 .70 35 37
Non-Hospital 155 41 .27 A1 95 .70 48 .30
University 139 42 29 11 96 .70 50 .39
Non-University 62 42 13 .16 .82 .69 34 29
Duration<=2 115 40 16 .09 .74 .60 32 .27
Duration>2 86 44 .36 17 1.16 .83 .62 .48
PI top 25 53 A7 .26 09 1.03 .79 43 40
PI bottom 75 148 40 23 14 .88 .66 51 .35
NIH top 50 105 43 21 A1 .88 .68 40 32
NIH below top 50 96 41 27 14 97 74 .50 40
1975-1990 62 42 21 21 .89 .69 A7 .39
1991-2003 139 42 .25 .09 94 .70 44 .35
Firm's age<=1 43 40 .26 .05 .88 72 44 40
Firm's age>1 158 42 23 .03 93 .69 45 .35
Obs 201

Figure 9: Mean comparisons for different groupings of the data (see figures 1 and 2 for a description
of the variables, and Appendix A for a description of the mean comparison test). Statistics on single
control provisions are reported only for those provisions for which the number of occurrences is not
‘too small’ (less than 10% of the contracts). Due to the small number of occurrences, statistics on
Proj manag body, Firm extend and Firm modify are not reported. See footnote 11 at page 17
for some considerations on these contractual provisions.
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Figure 10: Share of contracts with unilateral termination rights without cause of the sponsor
company (top chart) and with the provision for the research partner to submit periodical budget
and research proposal, to be approved by the sponsor company (bottom chart), in any given year.
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Figure 11: Frequency of exclusive termination rights for the sponsor company, for different group-
ings of the data.
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Figure 12: Frequency of exclusive termination rights for the sponsor company, for different group-
ings of the data — cont’d.
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Discovery phase Post discovery phase ‘Total Discovery phase  Post discovery phase ‘Total
Duration<=2yrs 55 48 103 Hospital 19 23 42
% 51.89 64.86 57.22 % 17.92 31.08 23.33
Duration>2yrs 51 26 77 Non hospital 87 51 138
% 48.11 35.14 42.78 % 82.08 68.92 76.67
‘Total 106 74 180 ‘Total 106 74 180
Discovery phase Post discovery phase Total Duration<=2yrs Duration>2yrs Total
Bottom75 PI 72 57 129 Hospital 28 14 42
% 67.92 77.03 71.67 % 27.18 18.18 23.33
Top25 PI 34 17 51 Non hospital 75 63 138
% 32.08 22.97 28.33 % 72.82 81.82 76.67
Total 106 74 180 Total 103 77 180
Duration<=2yrs Duration>2yrs ‘Total Distance<=100m 100<Distance<=1K Distance>1K Total
Size<=$0.5M 61 1 72 Bottom75 P1 55 38 36 129
% 73.49 20.75 52.94 % 77.46 79.17 59.02 71.67
Size>$0.5M 22 42 64 Top25 PI 16 10 25 51
% 26.51 79.25 47.06 % 22.54 20.83 40.98 28.33
Total 83 53 180 Total 71 48 61 180

Figure 13: Contingency tables for different pairs of variables. Bold types are used to indicate that,
for a particular pair of variables, we reject the tests of independence between them at least at the
90% statistical confidence level. See Appendix A below for details on the construction of the tests
of independence.
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Regression results

Dep Var: Pub_Delay0

Dep Var: Pub_Delay60

Dep Var: Pub_Delay0_60_more

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Regressors
EarlyPhase 0.20 18 19 .20 18 -.04 -.02 -.03 -.04 -17 17 16 15 01
(07) (07 (07) (06) (08) (06) (.06) (.06) (06) (.08) (11) (11) (11) (12)
Duration2 14 A3 .09 A2 13 .30 .32 .27 .28 19 44 .36 .39 .33
(07) (06) (06) (06) (08) 07) (.06) (07) 07) (.08) (11) (11) (11) (12)
Firm_Uni -.06 -.09 -11 .19 12 15 .03 04
(10) (11) (11) (12) (12) (12) (18) (18)
PrivUniv -.05 01 .03 -18 -.07 -07 -.06 -.04
(.08) (09) (08) (08) (08) (.08) (14) (14)
Hospital -.40 -.34 -.38 -11 -.10 -07 -.44 -.46
(12) (12) (13) (12) (12) (12) (20) (20)
NIH_top50 .03 07 01 -.60 -.01 .06 .08 -.03 13 .09 -63
(07) (08) (07) (28) (06) 07) (07) (:26) (11) (11) (42)
Plprestige75 -.05 -.07 -.05 .03 -.16 -18 -15 -.01 -.25 =21 .02
(07) (07) (07) (08) (07 07) (07) (08) (11) (11) (12)
Distance_med .06 04 .08 -09 -12 -.05 -.03 -.08 .04
(08) (08) (11) (07) (07) (10) (12) (12) (15)
Distance_long 10 07 .06 .00 .02 -.08 A1 .05 -.02
07) (07) (08) (07) (08) (08) (12) (12) (13)
US_US -.16 -12 -.35 -.31 -.50 -.43
(10) (10) (12) (12) (18) (19)
Period 17 12 17 .06 .08 -07 .24 .20 10
(08) (08) (08) (07) (07 (08) (12) (12) (13)
Firm_agel .33 22 A2 .03 .46 .26
(08) (11) (07 1 (13) (16)
Past_Deal_Uni 10 -.00 -13 -.06 -.04 -.06
(08) (11) (08) (10) (13) (15)
Past_Deal_Firm -11 -.02 .02 .08 -09 .07
07) (10 (08) (09) (12) (14)
Past_Deal_Same -.10 -.01 .02 .01 -.08 .00
(09) (11) (09) (10) (14) (16)
Constant .53 .7 .65 .45 .60 .16 15 44 .36 31 .70 99 .81 91
(06) (12) (16) (16) (23) (05) (12) (18) (19) (21) (10) (28) (29) (.34)
FE (res FE (res FE (res
Method OLS OLS OLS OLS partner) OLS OLS OLS OLS partner) OLS OLS OLS partner)
R_square .08 18 22 31 A1 22 .28 .31 .10 .28 .35
F-stat 7.44 5.24 5.59 7.75 2.03 10.03 7.58 7.35 5.85 1.26 9.81 8.47 9.15 1.26
F-stat (FE) 2.31 1.85 2.46
Hausman Test 25.46 18.45 14.14
Obs 180 180 180 180 125 180 180 180 180 125 180 180 180 125

OLS regressions with robust standard errors (reported in parentheses). Estimates significant at the 90% level or more are in bold types. estimates significant between 85% and 90% are in italics.



Regression results

Dep Var: Control0

Dep Var: Control_strict0

Dep Var: Firm_sole_term_right

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Regressors
EarlyPhase .09 10 10 11 -01 .02 01 01 .00 -.16 .07 .05 .07 .07 01
(:06) (07) (07) (07) (-10) (07) (07) (07) (07) (:09) (:06) (:06) (:06) (.06) (:08)
Duration2 22 .20 21 22 .16 21 .20 21 21 21 18 18 18 .20 18
(:06) (.06) (07) (07) (-10) (07) (07) (07) (.08) (:09) (:06) (:06) (07) (:07) (:08)
Firm_Uni .03 .04 .03 13 15 14 15 16 14
(13) (13) (13) (14) (14) (14) (11) (11) (11)
PrivUniv -.04 -.05 -.05 01 -.00 .00 .02 .00 -.00
(:08) (:08) (.08) (:09) (:09) (:08) (.08) (:08) (.08)
Hospital .04 .05 .03 .08 .07 .06 .03 .05 .01
(14) (14) (14) (.15) (.15) (15) (11) (11) (11)
NIH_top50 -09 11 -13 -.92 -.08 -11 -11 -.99 -.07 -.09 -12 -.48
(:06) (:07) (.08) (:36) (:07) (:08) (:08) (:33) (.06) (:07) (.07) (:30)
Plprestige75 .09 .08 .08 .10 .02 01 .00 -19 01 -.00 01 -.16
(07) (07) (07) (.10) (.08) (.08) (.08) (.09) (07) (07) (07) (.08)
Distance_med -.01 .00 -15 .02 .05 -11 .05 .09 -.06
(:08) (.08) (12) (:09) (:09) (12) (:07) (.07) (:10)
Distance_long .02 .04 -.04 .05 .09 -.02 .08 11 12
(.08) (.08) (11) (.08) (.09) (.10) (07) (07) (.09)
US_us .04 .03 .09 .07 .10 .06
(11) (11) (11) (19 (10) (:09)
Period -.00 -.03 -.05 -.07 -11 -.04 .02 -.05 -01
(07) (.08) (.10) (.08) (.08) (.10) (07) (07) (:09)
Firm_agel -.00 -13 -.05 -20 -.07 -10
(:08) (13) (10) (12) (:08) (11)
Past_Deal_Uni .07 .02 .03 -.08 14 .10
(:08) (12) (:09) (12) (:07) (.10)
Past_Deal_Firm .02 14 .08 .03 11 .05
(:08) (11) (:09) (10) (:07) (:09)
Past_Deal_Same .03 13 14 .16 .10 .10
(10) (13) (12) (12) (-10) (11)
Constant .55 .55 .52 49 1.28 .26 18 15 13 1.35 A2 .56 -.09 -13 49
(:06) (13) (18) (19) (-28) (.06) (14) (-20) (-20) (:27) (:05) (13) (.15) (15) (-24)
FE (res FE (res FE (res
Method OLS OLS OLS OLS partner) OLS OLS OLS OLS partner) OLS OLS OLS OLS partner)
R_square .07 .09 .09 .09 .05 .06 .07 .09 .06 .08 .09 14
F-stat 7.23 2.54 1.64 143 1.40 4.62 1.75 132 1.34 2.78 5.31 2.78 2.03 2.01 1.61
F-stat (FE) 1.60 2.20 2.07
Hausman Test 19.11 83.9 779
Obs 201 201 201 201 135 201 201 201 201 135 201 201 201 201 135

OLS regressions with robust standard errors (reported in par

5). Estimates significant at the 90% level or more are in bold types. estimates significant between 85% and 90% are in italics.
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A Note on the calculation of the statistics and significance
tests in the descriptive analyses

A.1 Correlation coefficients and significance tests

Correlation coefficients p between each pair of variables (see figure 4) are calculated, as usual, as
N _ _
>iz1 (@i —T)(yi — )

.
S o= 7] [ - 0]

)

where T and ¥ are the sample means of two given variables. The p-value for statistical significance

()]

where F'(-) is the cumulative distribution function of a random variable distributed according to a

is calculated as

p = 2%

Student t with N-2 degrees of freedom.

A.2 Mean differences

The statistic used to estimate mean differences (see figures 5 and 9)is the usual t-test for unpaired

samples, calculated as:

1 o 1
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The numerator is the difference between the sample means of the sub-samples x and y of a given

t=

variable. The sub-sample x has n; observations, and the sub-sample i has 1, observations. Finally,

sz, k = x,y is the sample variance of each sub-sample. Equal variances between groups are assumed.

A.3 Tests of independence

Regarding the contingency tables in figure 13, the tests of independence assess whether the condi-

tional distribution of a given variable is the same for any value of the other variable. The two most
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used tests are the likelihood ratio chi-square test, and the Pearson chi-square test. They are defined,
respectively, as

I J
LR =2 szijln(ﬂi) and

€ij
L L (wij—eij)’
p o=y el

I and J represent the number of rows and columns of the tables. Both tests have (I — 1) % (J — 1)
degrees of freedom and are asymptotically equivalent. The variable x;; indicate the actual occurrence
in a given row i and column j of a table, or the actual frequency. The variable e;; represents
the expected frequency for given columns and rows, i.e. the frequency that an occurrence would
have, were the variables independent. The expected value is calculated as follows. If a variable is
independent from another, then the probability of observing a given value of that variable should be
the same, for any value of the other variable. Consider, for example, the top-left table. Among the
180 observations, the percentage frequency of (or probability of observing) duration< 2 is 57.22%
(103 out of 180 observations). The frequency of duration> 2 is 77 out of 180, or 42.78%. Therefore
we would expect that, conditional on the project being in the discovery phase, there will be 57.22%
of shorter projects and 42.78% of longer projects, were the two variables independent. We would
expect the same frequencies if the project is in later phases. Equivalently, we would expect about
61=106*57.22% occurrences of shorter projects, and 42 occurrences of longer projects. Conditional
on the project being after the discovery phase we would expect 42 cases of shorter projects, and 32
occurrences of longer projects. These values define the values of e;;. More generally, the values of
€;; are calculated as €¢;; = M]'vﬂ’;, where Nj is total number of occurrences on the ith row, IV; is the
number of occurrences on the jth column, and N is the total number of observation. Notice that

vy =S =B = T = PO+ P()

the expected probability of a given cell is given by the product of the probability of a column and
of a row to occur. The product of probabilities represents the probability of two events to occur,
when independent. The higher the value of the two test statistics described here, the more different
the observed values from the expected frequencies, the less likely we are to accept the hypothesis of

independence.
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