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Abstract

Recent research suggests that firms, particularly in science-based industries, may publish
scientific articles in order to achieve strategic goals. This paper explores whether the rep-
utation seen as publications in journals with high impact factors and the impact seen as
citations of such scientific publications originating in firms benefit from R&D alliances
with different types of partners. Our empirical analysis is based on a unique dataset in
pharmaceutical cancer research. We analyze publications originating in biotechnology and
pharmaceutical firms, with a comparison of the results to publications that do not involve
a firm-based author. Our results indicate that the returns to the number of partners are
decreasing and are negative after a turning point. More surprisingly, our results suggest
that biotechnology and pharmaceutical firms should focus on establishing R&D alliances
with pharmaceutical firms in order to increase the probability of publishing in journals
with a high reputation. However, in terms of scientific impact, i.e., forward citations, publi-
cations originating in firms do not benefit from having access to different types of alliance
partners.

Keywords Research reputation - Research impact - Strategic alliances - Bio-pharmaceutical
firms - Corporate publications - Research collaboration

JEL-Classifications L65 - 032

< Bastian Rake
bastian.rake @mu.ie

Maureen McKelvey

maureen.mckelvey @handels.gu.se

Department of Economy and Society, Institute for Innovation and Entrepreneurship, School
of Business, Economics and Law, University of Gothenburg, 40530 Gothenburg, Sweden

School of Business, Maynooth University, Maynooth, Co. Kildare, Ireland

@ Springer


http://orcid.org/0000-0002-9116-9789
http://crossmark.crossref.org/dialog/?doi=10.1007/s11192-020-03344-5&domain=pdf

1324 Scientometrics (2020) 122:1323-1360

Introduction

Which strategic alliance partners help firm-based researchers to publish in journals with
a high reputation as measured by journal impact factors? Which alliance partners support
the firms in publishing articles that have a large impact as measured by large number of
forward citations? Some recent literature has acknowledged the contribution of firms to
science in general but has also raised concerns that firms contribute less that they previ-
ously did to science (Rafols et al. 2014; Arora et al. 2018). Still, it is surprising that few
contributions examine the topic of this paper, namely exploring the influence of the num-
ber and different types of partners for the reputation and impact of scientific publications
originating in firms. Put differently, this paper explores whether the reputation and impact
of scientific publications originating in firms benefit from R&D alliances with different
types of partners. In line with previous research, journals with a high impact factor are
interpreted as journals with a high reputation, while articles with many forward citations
are interpreted as having a large impact.

Given the lack of previous literature, we develop our arguments by drawing upon the
literature about the economics of knowledge and innovation and applying the concepts to
processes leading to scientific publications which involve firms. In accordance with this
literature, firms engage in knowledge generation activities such as R&D, which benefit
positively from collaboration across organizational boundaries. Collaboration allows the
firm to broaden their own knowledge base, by accessing new ideas and insights as well as
relevant skills, research techniques, and other resources (Katz and Martin 1997; Rosen-
kopf and Almeida 2003). Such strategic alliances also provide access to complementary
knowledge and complementary assets (Rothaermel 2001; Soh and Subramanian 2014)
that support firms’ knowledge generation activities. Alliance-related knowledge is inte-
grated into the organization’s knowledge base through the dissemination activities of its
individual members who build upon this knowledge in their research activities. Collabora-
tion thus provides access to knowledge, promotes a cross-fertilization of ideas, and widens
the search space. Our interpretation is that these factors contribute to the novelty and the
quality of research at the firm, because these factors can enable the firm-based authors to
elaborate on their research questions as well as on their research designs through such col-
laboration across organizational boundaries. Having a higher degree of novelty and quality
in resulting articles should then contribute to the likelihood of that article being published
in a journal with a high reputation and/or to be cited.

We go beyond extant literature on firm publishing per se in order to instead examine
the reputation and impact of these scientific publications by firm-based authors. This
analysis is possible to do in our empirical context, the science-based biotechnology and
the pharmaceutical industry. Biotechnology is characterized by small firms often linked
to academia, whereas the pharmaceutical industry is characterized by large firms which
invest heavily into R&D (McKelvey et al. 2004b; Pisano 2006). Together, they constitute
the biotech-pharmaceutical industry, which is characterized simultaneously by intense col-
laboration activities through strategic alliances as well as strong engagement of firms in
the production and publication of more basic scientific knowledge (de Moya-Anegén et al.
2014). More specifically, previous research on this industry has shown that the firm’s col-
laboration with universities and other academic institutions improve the firms’ understand-
ing of diseases and of the mechanisms of drug actions, which thereby enables them to do
basic science for drug development and engage in the corresponding publication activi-
ties (Cockburn and Henderson 1998). In addition, in this industry, biotechnology firms are
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valuable collaboration partners as they frequently act as technology brokers transferring
knowledge originating in academia to pharmaceutical firms (Stuart et al. 2007). Hence, in
this industry, both scientific publications as well as strategic alliances to generate knowl-
edge are quite common.

There has been little previous research on the factors that contribute to the reputation
as well as the impact of scientific publications by firm-based researchers. However, draw-
ing upon adjacent literature, similar topics have been discussed for academic science in
general (Azoulay et al. 2010; Merton 1973). For firm-based authors, the existing literature
has identified and discussed several motives why firms in this industry may publish in sci-
entific journals in general. Biotechnology and pharmaceutical companies have been found
to follow a firm-wide publication strategy, and they plan the dissemination of their research
through scientific publications thoroughly in order to achieve corporate goals (Sismondo
2009). These corporate goals encompass recruiting and retaining talent (Hicks 1995), using
publications to block patenting by competitors (Barrett 2002), enhancing the credibility as
well as the legitimacy of (clinical) research conducted to support applications for market
approval (Balter et al. 2003), or positioning new drugs in the marketplace and supporting
firms’ marketing activities (Azoulay 2002; Polidoro and Theeke 2012).! In addition, some
literature has studied the links between firms’ contribution to science and their (innovation)
performance (Gittelman and Kogut 2003; Simeth and Cincera 2015). Hence, the empirical
context is a relevant setting, for our explorative research purpose.

This paper addresses a gap in the literature, namely studying the reputation and impact
of scientific publications by firms. We do so by considering existing relevant arguments
about collaboration for knowledge generation for science and innovation, in order to ana-
lyze publications involving firm-based researchers. Moreover, we distinguish between the
contribution of different types of alliance partners to the reputation and impact of scientific
publications. Our analysis is based on a unique dataset of scientific articles originating in
firms and other organizations which we combine with data on strategic alliances related
to these articles in the area of pharmaceutical cancer research. As a point of reference for
interpreting our results we analyze a sample of publications that do not involve a firm-
based author. We discuss our results in relation to theory, as well as directions for future
research. One specific implication is about how firms can benefit from more collaboration
with other firms but only for certain corporate goals.

How may alliance partners contribute to publications’ reputation
and impact?

The strategic question for firms is how alliance partners can influence the reputation and
the impact of scientific publications. Within knowledge-based industries, such as the bio-
technology and pharmaceutical industry, alliances are predominantly formed to access new
knowledge in order to exploit complementarities among the alliance partners (Grant and
Baden-Fuller 2004). Thereby, alliances create powerful learning opportunities for firms

! It should be noted that biotechnology and pharmaceutical firms can adapt their publication strategy to
support their drug candidates under development. Consequently, a large proportion of clinical research has
historically remained unpublished. Lee et al. (2008) argue that one reason is that firms are not interested in
publishing results that do not support their claims concerning the safety and efficacy of drug candidates and
that might negatively affect regulatory authorities’” approval decisions.
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and enable them to acquire knowledge from their collaboration partners through which
they can leverage their own strength and improve the outcome of their knowledge genera-
tion activities (Inkpen 1998a). Consequently, connectedness to different alliances partners
promotes the generation of new knowledge as expressed in scientific publications (Cock-
burn and Henderson 1998), also in the case of firm-based authors.

Moreover, existing research also suggests that there may be diminishing returns to the
number of partners. The potential returns of collaboration through alliances may diminish
with an increasing number of collaboration partners and may ultimately be negative due to
the high cost of maintaining a high number of relationships and firms’ limited absorptive
capacity, as seen in knowledge networks more generally (Deeds and Hill 1996; Rothaermel
and Alexandre 2009; Phelps et al. 2012; Grant and Baden-Fuller 2004).

Yet scientific publications involve firm-based authors who can also be seen as individual
researchers. Therefore, in order to explain possible returns to firm-based publications, we
argue that we need to analyze the firm’s knowledge generation and knowledge exchange
through activities by the individual members of firms or other organizations (Kim 1993).
Following Nonaka (1994), knowledge generation at the firm level is a process in which
individual elaboration on specific knowledge elements and various forms of interaction
among different individuals within the firm leads to the exchange of alliance-related knowl-
edge and its internalization of this knowledge into the firms’ knowledge base. Thus, this
individual knowledge moves beyond the individual perspective through its acceptance by
other members of the firm and by its use in firm processes (Inkpen 1998b). The exchange
of knowledge among the individual members of the firm enables the flow of knowledge
through the organization and its sub-units. In addition, the intra-firm knowledge exchange
provides access to knowledge that is acquired from external sources or developed in collab-
oration with partners outside the firm. Hence, at the firm level, we interpret that strategic
alliances provide an opportunity for individuals and the firm to engage in the recombina-
tion of existing knowledge as well as for the generation of new knowledge.

The arguments presented above indicate that individuals’ publication activities are the
outcome of a knowledge generation process that synthesizes different, sometimes conflict-
ing views and ideas through dynamic interactions among individuals, the firm or organiza-
tion, and the environment (Nonaka and Toyama 2002). Knowledge generation is the result
of interactions among individual members of the firm. These interactions do not only pro-
vide access to the firm’s knowledge base but also enhance an individual’s knowledge and
research related abilities such as the capacity to define a research problem and to apply
their individual knowledge to address the problem (Nonaka et al. 2006). Put differently,
interactions among individuals create opportunities to access alliance-related knowledge
that has been integrated into the firm’s knowledge base and to use it in their own publica-
tion activities. Hence, firm researchers can discuss this knowledge, to develop it further,
and apply it to their own research questions (Inkpen 1998b). We interpret that interactions
amongst individual authors inside the firm also provide access to knowledge obtained from
outside the firm through strategic alliances.”

2 While this study focuses on strategic alliances as a form of formal collaborations, it should be noted that
more informal forms of collaboration such as co-authorships or other forms of professional interaction may
be simultaneously present (Liebeskind et al. 1996). These reinforce and complement formal collaborations,
since informal collaborations may increase the likelihood of exchanging valuable knowledge. In addition,
informal collaborations provide opportunities to access knowledge that is complementary to the firm’s
knowledge base and to knowledge obtained through strategic alliances. It is also possible that individuals
use informal collaborations to get access to redundant knowledge that enables them to cross-check and to
verify knowledge obtained internally or through strategic alliances.
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The above arguments can be related to the economics of science literature that sees
alliance-related knowledge as a beneficial source to impact the individual’s knowledge
generation and publication activities. More specifically, alliances may provide access to
previously widely dispersed and not accessible knowledge, skills, and research techniques
(Katz and Martin 1997). In addition, alliances expose individuals to knowledge that is dis-
tinct and potentially contradictory to knowledge held within the firm. The discussion of
this knowledge promotes a cross-fertilization of ideas that supports publication activities
through the development of new research questions (Katz and Martin 1997). Furthermore,
alliances can broaden the search space and support the development of new approaches
to address existing research problems (Schilling and Green 2011). Following these argu-
ments, our interpretation is that strategic alliances increase the probability of publishing
in a journal with a high reputation as they enable a better elaboration of research questions
and research designs to address the research questions, which in turn positively contributes
to the quality as well as the novelty of research projects. However, having to process and
share new, alliance-related knowledge from increasing number of strategic alliance part-
ners may also reduce the benefits of additional partners.

With respect to the relationship between strategic alliances partners and the impact of
publication, we follow the literature that finds that articles that are based on collaborative
research receive more forward citations (Aksnes 2003; Glidnzel and Schubert 2001). One
argument suggests that alliances are associated with a higher number of forward citations
the research tends to be more novel and provide a higher potential for follow on research
(Veugelers and Wang 2019; Foster et al. 2015). We relate this argument to the literature on
the relationship between collaboration and scientific impact (Hicks 1995; Gazni and Dide-
gah 2011). Following this stream of literature, strategic alliances provide opportunities to
disseminate scientific publications through multiple social networks to different interested
parties which positively influences the number of forward citations. Thus, we interpret that
strategic alliances provide additional opportunities for firm-based authors to disseminate
their published research to their peers in different organizations. It is likely that peers work-
ing in similar research areas use these publications in their own research and acknowledge
this through a forward citation. However, the literature would also suggest that the ben-
efits of additional alliances partners for forward citations may be decreasing since the fit
between the research conducted by firm scientists and the interest of partners and their
partners may decrease with an increasing number of alliances.

What is the contribution of alliance partners from academia?

This section delves further into how research originating in firms can benefit from col-
laborations with academic partners. Given that much existing literature about collabora-
tion between firms and academic partners focuses upon innovation, we use these ideas and
relationships about collaboration for innovation but apply them to the specific case of sci-
entific publications. Literature suggests that across a broad set of industries, collaborations
with universities and public research organizations are positively linked to firms’ ability
to invent and to successfully commercialize their inventions in the marketplace (Belder-
bos et al. 2004; Faems et al. 2005; George et al. 2002; Soh and Subramanian 2014). With
respect to firms’ knowledge generation activities we expect a similar, positive influence of
collaborations between firms and partners from academia.
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Universities and public research organizations are key contributors of novel discoveries
and new scientific knowledge (Soh and Subramanian 2014). Consequently, strategic alli-
ances with academic partners enable firm-based researchers to internalize valuable aca-
demic, more basic rather than applied knowledge, as well as knowledge on new research
techniques and instruments into the firms’ knowledge base (Perkmann and Walsh 2009;
Bekkers and Bodas Freitas 2008; Cohen et al. 2002). This opportunity to internalize aca-
demic knowledge seems to be of particular importance within the biotechnology and phar-
maceutical industry that is characterized by strong links to scientific knowledge and the
rapidly developing, complex and widely dispersed knowledge base (Cockburn and Hen-
derson 1998; McMillan et al. 2000; Chen and Lin 2017). In this industry, alliances with
academic partners support the ability of firms and their researchers to build upon and to
contribute to contemporary debates which should enhance the likelihood of publications
in journals with a high reputation. In addition, alliances with academic partners help firms
to address research questions that are of interest for the wider academic community and
create impact as expressed by future citations. However, the arguments presented in the
general case suggest that the returns of additional alliances with academic partners in terms
of reputation and forward citations may be decreasing since firm-based researchers have
limited capacities to handle the increasing inflows of academic knowledge, to incorporate
them into the firm’s knowledge base, and to disseminate them within and beyond the firm.

What is the contribution of alliance partners from industry?

In the context of the biotechnology and the pharmaceutical industry, collaboration between
firms exists, especially to access knowledge and to promote innovation. For pharmaceutical
firms, collaboration with biotechnology firms provides opportunities to incorporate previ-
ously unavailable biotechnological knowledge and competencies into their own knowledge
base (Arora and Gambardella 1994; McKelvey 1996; Rothaermel 2000). Biotechnology
firms may act as technology brokers that enable the transfer of knowledge originating in
academia to pharmaceutical firms and the internalization of transferred knowledge into
the firm’s knowledge base through pharmaceutical firms’ researchers (Stuart et al. 2007).
Consequently, pharmaceutical firms have been particularly interested in forming strategic
alliances with biotechnology firms to gain access to, and experience with, novel scien-
tific approaches as well as new techniques required in drug development (McKelvey et al.
2004a).

Put differently, this literature suggests that biotechnology firms, through performing
research at the knowledge frontier, address research problems that inspire research projects
that have a rather high degree of novelty. These novel projects have a considerable poten-
tial for publication in journals with a high reputation. At the same time, novel research
questions and the use of novel research techniques originating in biotechnology firms are
likely to increase the scientific interest in the research and facilitate subsequent projects.
Both aspects are likely to contribute to impact in terms of the number of forward citations.
However, the returns of additional alliance partners may decrease once these techniques
are part of the firm’s knowledge base and may ultimately be negative when the cost of
coordination and integration of knowledge exceed the additional benefits provided by addi-
tional alliances.

On the flip side, for biotechnology firms, alliances with pharmaceutical firms can pro-
vide opportunities to get access to competencies and resources they lack (Rothaermel
2001). According to this literature, strategic alliances with pharmaceutical firms provide
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additional resources that enable firm-based researchers to increase the probability of pub-
lishing in high reputation journals. More specifically, firm-based researchers can use addi-
tional resources that become available through strategic alliances to increase the scientific
soundness of their studies through additional replications and robustness checks. Addi-
tional resources can also be invested in equipment that contributes to the scientific rigor of
the associated research and experiments. These efforts increase the (perceived) quality of a
study which increases the probability of publishing in high reputation journals. At the same
time, the opportunity to acquire new materials and to use new methods or techniques con-
tributes to the novelty of a study which, again may contribute to the probability of publish-
ing in journals with a high reputation. Alliances with pharmaceutical firms enable biotech-
nology firms to internalize applied, clinical knowledge into their own knowledge bases.
This knowledge may support their researchers to conduct and to publish research projects
with an applied focus that is of interest for a broad scientific audience and may, hence,
receive a high number of forward citations. Similar to other partner types, the literature
on strategic alliances suggests that the returns of additional strategic alliance partners may
decrease with an increasing number of partners.

Data and variable construction

Our empirical analysis is based upon a unique dataset for pharmaceutical cancer research,
which comprises data on scientific publications that is combined with data on strate-
gic research and development alliances. The dataset has previously been used for other
research questions but not in the context of firm publications (McKelvey and Rake 2016;
Rake 2019). Cancer is a growing area of research (Xie 2015) and a vital area for both
public and private investment into health care, and an expanding market for pharmaceuti-
cals. Moreover, cancer is one of the leading causes of death worldwide. Each year approxi-
mately 8.2 million individuals die because of cancer, and cancer is diagnosed in 14 million
new cases. According to the International Agency for Research on Cancer (2014), the num-
ber of diagnoses and the number of deaths are expected to rise considerably during the next
two decades.

Dependent variables: reputation and impact of scientific publications

Scientific publications provide a reasonably good, albeit only partial, indicator reflecting
successful knowledge generation processes (Tijssen 2009). Scientific publications also
provide detailed bibliographic information including author affiliations and the type of
research activities. We use a list of 30 medical indications in the field of cancer from the
BioPharmInsight database.> Each indication refers to a condition or disease. This list of
medical indications is used to conduct a keyword search in the Web of Science databases
(WoS). We further restrict the publication data to areas related to pharmaceutical research,
i.e., they have been assigned to the WoS categories “Biochemistry & Molecular Biology,”
“Biotechnology & Applied Microbiology,” “Chemistry, Applied,” “Chemistry, Medicinal,”
“Medicine, Research & Experimental,” “Pharmacology & Pharmacy” or “Toxicology.”

3 http://www.biopharminsight.com/index.html. A list of the respective medical indications can be found in
Table 6 in the “Appendix”.
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All publications that are not classified as journal articles have been excluded. We obtain
15,762 articles in scientific journals in the area of pharmaceutical cancer research pub-
lished between 2001 and 2008.* Among these articles, 1005 list at least one biotechnology
or pharmaceutical firm as an affiliation.

Publication data from the WoS does not contain standardized author affiliations. There-
fore, we manually standardize author affiliations using publicly available information such
as the organizations’ websites, firm reports, SEC filings as well as business information
provided by Bloomberg (McKelvey and Rake 2016). This enables us to identify whether
a publication originates in a biotechnology or pharmaceutical firm or other organizations.
Organizations’ geographical origins have been identified based on the reported address.

We use two different indicators as dependent variables in our analysis. Firstly, we refer
to previous research using the journal impact factor as an indicator for scientific reputation
(Garfield 2006). Our indicator for reputation is based on the journal impact factor accord-
ing to the WoS Journal Citation Reports in 2009.

We consider a scientific article in our sample as one that has been published in a journal
with a high reputation if the journal belongs to the upper 5% of the impact factor distribu-
tion (Top Journal). Thereby we follow existing approaches using the upper 5% of a distri-
bution to account for reputation (Lozano et al. 2012; Vanclay 2011).°

Secondly, we build an indicator for impact based on the number of forward citations,
i.e., the number of citations a journal article has received, since citations reflect recogni-
tion by the scientific community (Stephan 1996; Merton 1973). We use a time window
of 3 years after publication to obtain the number of forward citations (Citations) from the
Scopus database.® This time window corresponds to the average citation peak of journals
publishing original research articles (Amin and Mabe 2002).

Independent variables: Strategic alliances and collaboration

To obtain our independent variables, we account for author affiliations in research and
development partnerships based on strategic alliances reported in the ReCap database
(Schilling 2009). The ReCap database contains information on alliances in the biotechnol-
ogy and pharmaceutical industry collected from various sources including press releases,
SEC filings, and firm presentations. Strategic alliance data provides us with a reliable indi-
cator for collaboration activities that is not dependent on the publication data used to cal-
culate the dependent variables. Following McKelvey and Rake (2016), we manually stand-
ardize author affiliations using publicly available information such as the organizations’
websites, firm reports, SEC filings as well as business information provided by Bloomb-
erg. All organizations are assigned to their highest order entity as of 2008. For example,
all departments of a university would be assigned to that university. University hospitals
are assigned to the university they are affiliated with.” Subsidiaries are assigned to the

4 We focus on articles published between 2001 and 2008 due to the availability of the alliance data form
the ReCap database used to construct independent variables.

5 1t has to be noted that impact factor distributions differ across scientific disciplines. Since our study refers
to one disease area, we did not introduce impact factor adjustments.

® Using the same time window for all publications in our sample avoids the problem that articles published
earlier have more time to receive citations.

" Following this rule, alliances reporting, e.g. the Dana—Farber Cancer Institute as an affiliation are
assigned to Harvard University as well as articles reporting the affiliation as Harvard Medical School.
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parent firm if the latter holds more than 50% of the shares. Following this rule, government
agencies and laboratories as well as research institutes are assigned to the corresponding
umbrella organizations.®

For each publication in our sample, we use the ReCap data to calculate the number of
unique strategic alliance partners that the authors of each publication are connected to.
In doing so, we focus on 954 strategic research and development alliances in the field of
cancer research that have been concluded between 1998 and 2007. More specifically, we
account resources that are available to the authors of a publication through the strategic
R&D alliances that their affiliated organization have entered in during the 3 years before
an article is published. Alliances concluded in the years 1998, 1999, and 2000 are used
to calculate the number of partners for articles published in 2001. By considering time
windows of 3 years, we follow the literature on strategic alliances in the biotechnology and
pharmaceutical industry (Stuart et al. 2007) and choose a time window corresponding to
the average duration of each drug development phase (DiMasi et al. 2016).

We count the unique number of different types of alliance partners on the publication
level. Counting only unique alliance partners implies that a partner is only counted once if
this partner has entered multiple alliances with an author affiliation or with different author
affiliations listed on an article in the 3 years prior to publication of an article. Similarly,
an alliance partner is only counted once if several authors list the same affiliation. Alli-
ances partners that are at the same time listed as author affiliations are not included in the
counts of different types of alliances partners. This allows us to disentangle the influence
of co-authorships in a specific publication from the influence of different types of alliance
partners in an alliance portfolio.

We distinguish the different organizational types of author affiliations’ partners in stra-
tegic R&D alliances based on the ReCap data. More specifically, Num. Partners accounts
for the overall number of unique partners the authors of a publication are connected to via
their affiliations. In addition, we count the number of different academic institutions (Num.
Academic Partners), i.e., universities and public research institutes, pharmaceutical firms
(Num. Pharma Partners), and biotechnology firms (Num. Biotech Partners) that are stra-
tegic alliance partners the authors of a publication are connected to.” Tables 8 and 9 in the
“Appendix” report descriptive statistics as well as the correlations. These tables indicate
that there are differences with respect to the average number of partners among the sam-
ples. Publications in the no-firm sample have on average 1.147 alliance partners in contrast
to 3.5065 alliance partners in the firm sample. Similar difference can be observed with
respect to specific partner types.

Control variables

For the control variables, literature suggests that the number of authors (Num. Authors)
and number of different countries of author affiliations (Num. Countries) may influence
the journal and citations. We control for the year the article is published and whether an
article has been published in a journal classified as basic biomedical research by the CHI

8 Consequently, the different research institutes of the German Max Planck Society are summarized to one
institution.

9 1t should be noted that Num. Partners is not necessarily the sum of Num. Academic Partners, Num.
Pharma Partners, and Num. Biotech Partners as there is a diverse set of other partner types, such as founda-
tions and non-academic healthcare providers, which are not a focus of this study.
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classification of journals (Basic Research) (Hamilton 2003). With respect to author affilia-
tions, collaboration with global centers of excellence may provide favorable opportunities
to publish in high reputation journals and to generate a higher impact in terms of cita-
tions. Therefore, we control for co-authorship by at least one of the leading 100 universities
according to the 2009 Academic Ranking of World Universities, the so-called Shanghai
ranking (Top University).

We control for different scientific fields that an article can be assigned to in the WoS.
More specifically, we control for the scientific fields “Biotechnology & Applied Microbi-
ology,” “Medicine, Research & Experimental,” and “Pharmacology & Pharmacy.” In the
models using the forward citations as dependent variable we control for whether the publi-
cation has been published in a journal with a high reputation (Top Journal).

Empirical strategy

Our empirical analysis distinguishes different types of partners. Measures of the number
of formal R&D collaborations with different types of alliance partners are included in the
econometric analysis in order to explain the consequences of collaboration for the reputa-
tion and impact of scientific publication.

Consequently, and as outlined in "What is the contribution of alliance partners from
industry?" section, the first dependent variable, Top Journal, is a binary indicator for
whether a scientific article is published in a journal with a high reputation. Accordingly, we
use a probit model to estimate the probability of publication in a highly reputable journal
given the outcome (Y) and a vector of independent variables (X):

Pr(Y = 11X) = ¢(Xp))

We estimate the probit model with Huber-White robust standard errors.

Our second dependent variable is the count of forward citations as a measure for scien-
tific impact of an article. Since the regression-based test proposed by Cameron and Trivedi
(1990) indicates the presence of overdispersion in our sample, we use the negative bino-
mial model to estimate the influence of different partner types on forward citations:

v - L@ (et N Y
Pr(Y_yl“’“)_F(a—l)r(y+1)<a‘1+u> <M+“‘l>

where y is the count of forward citations, y is the conditional mean, I" is the gamma func-
tion, and f3 is the parameter determining the degree of dispersion, allowing that the condi-
tional variance exceeds the conditional mean. We estimate all negative binomial models
with Huber-White robust standard errors.

Analyzing partners in relation to the reputation and impact of firms’
scientific publications

Before moving to the econometric analysis, we would like to establish empirically the exist-
ence of the phenomenon of firms publishing in journals with a high reputation and pub-
lishing articles that receive many forward citations. Using publications from universities,
research institutes and other no-firm organizations as point of reference, the phenomenon

@ Springer



Scientometrics (2020) 122:1323-1360 1333

Share Publications in High Reputation Journals

o
T T T T T T T T
- N [se} < Yo} © N~ [co)
o o o o o o o o
o o o o o o o o
N N N N N N N N
Year
——4&@—— Firm Publications ——— Non-Firm Publications
Fig. 1 Share of publications in journals with a high reputation
0 |
N
N o
2o |
s
S
©
=
O |
5 -
&
)
Q
E o
3 v« 7
z
c
©
]
S 0
o -
T T T T T T T T
- N [s2} T [Ye] © ~ @
(=] o o o o o o o
S S S S o’ S S S
N N ~N ~N N ~N N N
Year
——4&—— Firm Publications ——x——Non-Firm Publications

Fig.2 Mean number of citations

seems marginal. In terms of total publications, only 1005 out of 15,762 articles in our sam-
ple list at least one firm as author affiliation. We refer to this sub-sample as firm publica-
tions. The sample of no-firm publications contains 14,757 publications that originate in
academic institutions, non-academic hospitals and other organizations and have no authors
with firm affiliations.

Although a small percentage of publications have firm-based authors, our descriptive
analyses presented in Figs. 1 and 2 clearly show that firms do publish in scientific journals
with a high reputation and that they publish articles that generate scientific impact. More
specifically, Fig. 1 suggests that the share of articles per group published in journals with a
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high reputation is rather similar for the firm and the no-firm sample. We interpret this find-
ing as a hint in favor of the importance of publications in journals with a high reputation
for firms, thereby helping to empirically motivate this study.

The second descriptive analysis presented in Fig. 2 focuses upon the impact of scientific
publications, as indicated by forward citations of the published article in the first 3 years
after publication. This analysis suggests that firm publications receive on average more
citations than no-firm publications although the difference decreased over time. Hence, for-
ward citations are a relevant outcome for firm publications.

In summary, the descriptive results suggest that firms do publish in journals with a high
reputation and their publications generate scientific impact through forward citations. The
results motivate us to assess whether firms can benefit from their alliance partners with
respect to generating scientific impact in terms of forward citations. Consequently, we
explore the relationship between alliance partners as well as reputation and impact in more
detail in the next section.

Reputation: publications in highly reputable journals

We start our econometric analysis with probit regressions of the no-firm sample as pre-
sented in Table 1. We use the no-firm sample as a point of reference for interpreting the
results of our analysis of the firm sample which is presented in Table 2. In doing so, our
analyses provide further insights into the specific contributions of different types of alli-
ances partners for firms’ publication activities as compared to other organizations. For both
samples, the results indicate that the number of different partners in R&D alliances (Num.
Partners) follows an inverted u-shaped relation to the probability of publication in journals
with a high reputation. We conduct the test suggested by Lind and Mehlum (2010) to test
for the presence of an inverted u-shape. The test results support the presence of inverted
u-shaped relations between the number of partners and the probability of publication in
highly reputable journals.”

Our results also reveal considerable differences between the samples. In the no-firm
sample, Table 1 reveals that the number of academic partners (Num. Academic Partners)
as well as the number of alliance partners classified as biotechnology firms (Num. Biotech
Partners) show decreasing returns in relation to the probability of publication in journals
with a high reputation. We conduct the test by Lind and Mehlum (2010) which supports
the presence of an inverted u-shaped. However, the number of alliance partners classified
as biotechnology firms (Num. Biotech Partners) is not statistically significant if it is intro-
duced together with other partner variables. We find a positive linear association between
the number of partners classified as pharmaceutical firms (Num. Pharma Partners) and the
probability of publication in journals with a high reputation. Again, the statistical signifi-
cance of this relationship disappears if we introduce Num. Pharma Partners together with
other variables accounting for the number of alliance partners.

For publications involving firms, our results do not suggest a robust relation between
the number of academic partners and the probability of publication in a high reputation
journal. We find, however, a curvilinear relationship between the number of partners clas-
sified as pharmaceutical firms and the probability of publication in journals with a high

10" An overview of the results of the test suggested by Lind and Mehlum (2010) for all regression models
with squared terms can be found in the “Appendix”.
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reputation. Conducting the test by Lind and Mehlum (2010) supports the presence of an
inverted u-shape relationship. The number of alliance partners classified as biotechnology
firms is positively related to the probability of publication in highly reputable journals in
model 7 in Table 2 but loses its significance when other partner variables are introduced.

In terms of control variables, the number of authors (Num. Authors) is positively related
to the probability of publication in journals with a high reputation. International collabora-
tion (Num. Countries) does not increase the probability of publication in journals with a
high reputation while basic research articles (Basic Research) have a higher probability of
being published in highly reputable journals. Our results provide some evidence that col-
laboration with at least one of the leading academic institutions in the world (Top Univer-
sity) increases the probability of publication in a journal that has a high reputation.

In order to provide some insights into the magnitude of these relationships, we report
marginal effects at the mean in Table 10 for the no-firm and in Table 11 for the firm
sample.!!

Impact: forward citations

This section focuses upon scientific impact of publications by investigating how different
types of alliance partners influence the number of forward citations which scientific arti-
cles receive. The results of the negative binomial regressions differentiating between no-
firm publications in Table 3 and firm publications in Table 4 suggest important differences
concerning the role of specific alliance partners in attracting forward citations.

In the sample of no-firm publications, our results presented in Table 3 indicate an
inverted u-shaped relation between the total number of different alliance partners (Num.
Partners) and the number of forward citations as well as between the number of academic
partners (Num. Academic Partners) and forward citations. The test by Lind and Mehlum
(2010) indicates the presence of an inverted u-shape relation, too. Our results do not indi-
cate robust relationships between Num. Pharma Partners or Num. Biotech Partners and the
number of forward citations in the no-firm sample.

In contrast to these findings, we do not find robust significant associations between dif-
ferent partner types and the number of forward citations in the sample of publications orig-
inating in firms. Hence, for publications with firm-based authors, our results do not support
arguments suggesting the importance of alliance partners for attracting forward citations.

With regard to the control variables we find that the number of authors is positively
related to the number of citations in the firm sample but not in the no-firm sample in
Table 3. While the number of countries (Num. Countries) and articles published in basic
research journals (Basic Research) are positively linked to the number of forward citations
in the no-firm sample, the corresponding coefficients are not significant in the firm sample.
In both samples, publications in scientific journals with a high reputation (Top Journal)
receive more citations than publications in other journals. Collaboration with research-
ers from at least one of the leading academic institutions in the world (Top University)
increases the number of forward citations in the no-firm sample but not in the firm sample.

Information concerning the magnitude of these relationships can be found in Table 12
and in Table 13 that report marginal effects at the mean for the no-firm and the firm sample.

1" As the computation of marginal effects is based on derivatives, it is not possible to report marginal
effects for squared terms.
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Robustness checks

We conduct several robustness checks. Following previous research, e.g., Vanclay (2011)
and Graham (2008), we examine scientific articles published in journals in the upper 20%
of the impact factor distribution. The results for the no-firm sample suggest an inverted
u-shaped relationship between the number of partners in R&D alliances and the probability
of publication in a high reputation journal. In the firm sample we find a positive association
between the total number of partners as well as the number of biotechnology firm part-
ners and the probability of publication in journals with a high reputation. In contrast to the
original analysis, this robustness check does not unambiguously support the importance
of pharmaceutical firm partners. Instead we find a positive relation between the number of
academic partners and publication in journals with a high reputation.

Moreover, we use the impact factor in the year of publication of the focal article to
generate the Top Journal variable. The results are qualitatively similar to the results of
the original analysis. However, we find that the number of academic partners has a robust
curvilinear relationship to the probability of publication in journals with a high reputation
in both samples in this robustness check. We also considered a different specification of our
second dependent variable, the number of forward citations in the first 5 years. The results
in the firm as well as in the no-firm sample are similar to the results above.

Additionally, we follow the advocates of analyzing the long-lasting relevance of strate-
gic alliances (Vasudeva and Anand 2011; Stuart 2000) and use time windows of 5 years to
account for alliance partners. The corresponding results are largely in line with the results
presented above. Using OLS regressions as dependent variables yields results similar to the
original analyses. In the OLS regressions we use the natural logarithm of the Citations var-
iable and add one to account for the dispersion of the variable and the considerable number
of zeros. The natural logarithm of Citations plus one is also used in seemingly unrelated
regressions that are estimated as additional robustness check. The corresponding results are
very similar to the results of the original analyses.

Big pharmaceutical firms may be able to invest more resources in their research pro-
jects which may influence the probability of being published in a high reputation journal
as well as the number of forward citations. Consequently, we conduct additional regression
analyses in which we control whether one of the 50 biggest pharmaceutical or biotech-
nology firm according to the (Pharmaceutical Executive 2009) have been involved in the
focal publication. Our results correspond to those presented above and do not suggest a
robust association between the involvement of a big pharmaceutical or biotechnology firm
on publication reputation or impact.

Within the empirical context of our study, the lead authors may make the greatest con-
tribution to the publication. Hence, there might be concerns that lead authors, particularly
those in firms, differ from their co-authors in terms of the influence within a research pro-
ject but also with respect to their ability or experience. In order to account for these con-
cerns, we conduct our regression analysis using a sample of first authors with firm affili-
ations. The corresponding results are qualitatively similar to the results presented above.

Furthermore, we conduct a robustness check that adds a control variable for the most
productive authors in terms of the number of publications in our sample. To calculate our
control variable, we standardize author names using the Soundex algorithm and add up the
number of publications for each author. Based on the number of publications per author,
we assign a dummy variable to each article in our two samples that equals one if an author
of this article is among the 5% of authors who have the highest number of publications in
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Table 5 Summary of regression results

Dependent variable:

Sample

High reputation: top journal

Impact: citations

No-firm

Firm

No-firm

Firm

Num. Partners

Num. Academic
Partners

Num. Pharma
Partners

Inverted u-shape
Inverted u-shape

Positive associa-
tion*

Inverted u-shape
No robust associa-
tion

Inverted u-shape

No robust associa-

Inverted u-shape
Inverted u-shape
No robust associa-

tion

No robust associa-

No robust asso-
ciation

No robust asso-
ciation

No robust asso-
ciation

No robust asso-

Num. Biotech Inverted u-shape™

Partners tion tion ciation

*not significant when introduced with other alliance partner variables

our dataset. Hence, the dummy variable captures exceptional individual ability to publish
as well as outstanding individual experience with the publication and co-authorship pro-
cess. Both factors may influence whether a publication appears in a journal with a high
reputation or generates a lot of impact. The results of this robustness check are very similar
to the results of the original analyses in the no-firm as well as in the firm sample.

We investigate the influence of different partner types on the probability of publication
in journals with a high reputation as well as on the number of forward citations by using
the share of different partner types instead of their count. The results in the no-firm sam-
ple are largely consistent with the results above. In particular, our results suggest inverted
u-shaped relationships for the share of academic partners as well as for the share of phar-
maceutical firm partners and the probability of publication in a journal with a high reputa-
tion. In the firm sample, we do not find support for a significant relationship between the
share of a particular partner type and the probability of publication in a high reputation
journal. Using the number of forward citations as dependent variable, we find a positive
association for the share of academic partners as well as an inverted u-shaped relationship
for the share of pharmaceutical firm partners in the no-firm sample. With an exception for
the positive relationship for biotechnology partners in the firm sample, we do not find sig-
nificant associations for the share of different partner types in this sample.

Discussion and conclusions

In terms of why firms in the biotechnology industry and pharmaceutical industry publish,
the existing literature suggests they publish to achieve corporate goals rather than scientific
goals. Based on this literature, we set out to explore whether the reputation and impact of
scientific publications originating in firms benefit from R&D alliances with different types
of partners. Our main results are summarized below in Table 5.

For publications in journals with a high reputation, the overall number of alliance
partners increases the probability of being published, but at a decreasing rate in the firm
as well as in the no-firm sample. In literature on organizational knowledge, firms and
other organizations are able to absorb knowledge obtained through strategic alliances,
in a way that links individual knowledge and corporate goals (Nonaka 1994; Kogut
and Zander 1992). In line with existing literature, the organizations and the firm-based
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authors within them have limited capabilities to manage partners, and a wider range
of potentially contradictory views and diverse knowledge which sets limits on how to
integrate it into the firm’s knowledge base (Deeds and Hill 1996; Phelps et al. 2012;
Rothaermel and Alexandre 2009). Thus, in line with the existing literature (Nonaka
1994; Inkpen 1998b), we interpret our empirical results to mean that this external
knowledge through strategic alliances is absorbed into the corporate knowledge base
and disseminated within the firm. Following this literature, the absorption and internal
dissemination of external knowledge is supportive for individual researchers in terms of
increasing the reputation of their scientific publications.

With respect to the number of forward citations, we find differences depending on
the sample. In the firm sample, we do not find an association between the number of
alliance partners and the number of forward citations. One explanation may be that aca-
demic partners are skeptical about the quality as well as scientific integrity of firm pub-
lications and have a lower propensity to cite firm publications. An alternative explana-
tion for firm-based authors is that publications are used for signaling the attributes of
products, instead of contributing to later science. Contrary to these findings, our results
for the no-firm sample suggest that organizations can benefit from the expansion of
their organization’s knowledge bases through strategic alliances, which in turn supports
publications that receive attention from the academic community and other stakehold-
ers. Furthermore, being in alliances may provide opportunities to disseminate specific
publications to a broad range of interested parties, which later cite the article in their
own research. There is, however, a decreasing return in the no-firm sample when adding
more partners as not all partners may perceive the publication as related to their core
areas of interest and cite it in follow-on research.

In terms of collaborations with academic partners, firms do not benefit in publication
activities from partnering with academia irrespective of whether reputation or impact
are concerned. A possible explanation is that academic partners provide knowledge pre-
dominantly related to basic research. On the one hand, firms may benefit from this type
of knowledge particularly in their science-based drug discovery activities (Cockburn and
Henderson 1998; Perkmann and Walsh 2009). On the other hand, firms may find collabo-
ration with academics as less beneficial for those publications which are more directed to
development activities. In that case, a publication would signal the safety and efficacy of
a compound and the results are used to convince regulatory authorities and health care
providers.

In terms of collaboration with corporate partners, we find intriguing results relative to
existing literature. Our interpretation of one finding is the different roles that biotechnol-
ogy and pharmaceutical firms can play as alliance partners. Both types of firms seem to be
of particular importance for increasing the probability of publication in a high reputation
journal. In line with the literature, this finding suggests that biotechnology and pharma-
ceutical firms provide complementary knowledge and complementary assets that are valu-
able resources for individual researchers once they are integrated into an organization’s
knowledge base (Arora and Gambardella 1994; McKelvey 1996). Moreover, they can play
different roles, as biotechnology firms are frequently the originators of new drugs or new
research methods while pharmaceutical firms can, in addition to their own knowledge base,
provide financial resources as well as research materials, research techniques or other non-
financial resources that contribute to the novelty of a research project (Rothaermel 2001;
Soh and Subramanian 2014). We interpret that factors related to complementary assets and
financial resources are likely the key ones to increase the likelihood of publication in a
journal with a high reputation.
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However, we also show that the benefits of additional alliances with pharmaceuti-
cal firms for publishing in journals with a high reputation may decrease for firm authors,
likely because the inflow of additional knowledge and resources becomes more difficult to
manage the higher the number of partners. Another reason may be that with an increas-
ing number of partners the knowledge overlap may increase and learning opportunities
may decrease. Particularly biotechnology firms may be important intermediaries that dif-
fuse knowledge originating in academia to their alliance partners. Once this knowledge is
integrated into the organizations’ knowledge bases and used by the individual researchers,
previous collaborations with firms increase the probability of publication in journals with a
high reputation. Additionally, our results suggest that pharmaceutical firms are also impor-
tant disseminators of knowledge generated outside their boundaries, e.g. by academia and
other no-firm organizations, through their often large networks of collaborative relations
which increases the number of forward citations.

In the firm sample, we do not find support for the idea that a firm’s publications in
terms of scientific impact benefit from having different types of alliance partners. A possi-
ble explanation for this finding is that firm publications may address an audience that does
not necessarily engage in own publication activities, such as regulatory authorities as well
as physicians and general practitioners prescribing drugs to patients. Similarly, publica-
tions originating in firms may be predominantly referenced in patents as previous research
has shown that firm researchers pay close attention to discoveries made in firms that are
relevant for their own invention activities (Bikard 2018).

Based on our results, we can draw implications for the management of biotechnology
and pharmaceutical firms, to help make more explicit choices about partners. If the firm or
its researchers want to improve their reputation, i.e., publish in journals with a high reputa-
tion, then collaborations through strategic alliances do allow them to access knowledge and
other complementary assets. However, the benefits can only be realized up to a threshold,
followed by diminishing marginal returns. If the goal is impact, i.e. a high number of later
citations, then alliances with other firms or academic institutions in general seem not to be
sufficient. Instead, firms should only co-author with the most renowned universities.

Limitations and future research

We acknowledge that our results are limited to our study of a science-based industry, spe-
cifically the biotechnology and pharmaceutical industry, which may limit generalizability.
We are rather confident that our results hold for collaborations in biotechnology and phar-
maceutical research across different disease areas as collaboration and alliance formation
are general characteristics of this industry. However, our findings may not be generalizable
to contexts that are less science-based nor ones characterized by different collaboration
patterns. Our study presents correlations between different types of alliances partners and
publication outcomes in terms of reputation and impact. However, our data does not allow
for applying more sophisticated methods that allow for the identification of causal effects,
but the core ideas also provide potential for future research with other techniques.

Our findings can hopefully open up new trajectories for future research, because we
provide some new insights about scientific publications by firms in relation to high rep-
utation and high impact publications. There is a need for research which explicitly tack-
les reputation and impact in relation to firms. Our analysis shows that the impact of col-
laborations in general—and with academic and corporate partners specifically—differs
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substantially in relation to whether we consider the reputation or the impact of scientific
publications. We suggest that reputation and impact of scientific publications should be
conceptualized and analyzed as two separate outcomes. This can be developed, based
upon early literature within bibliometrics within the academic community argued that
citations are a poor indicator of intrinsic scientific quality, and citations should instead
be interpreted as signaling other strategic, social, and communication struggles and
goals (Cole 1989; Cozzens 1989).

We welcome future research which returns to basic issues about the incentives and
rewards systems for explaining mechanisms that drive similarities and differences of
publishing in high reputation journals as compared to publishing articles which later
become highly visible through citations, for firm-based authors specifically. One route
may be to use the literature on science as a power game of persuasion and apply those
concepts to publications by firms. In this context, future research may also study how
alliance partners influence alternative measures of impact in a broader sense, e.g., atten-
tion in social media or practitioner journals, that may be of particular relevance for pub-
lications originating in firms and their relation to reputation (Bornmann and Haunschild
2017; Zhang and Wang 2018).

To tackle this issue further, there is a need to study how scientific activities within
firms actually combine individual goals and corporate goals. Recent research has ana-
lyzed the contributions of individual authors (Haeussler and Sauermann 2016), but
similar attempts on the organizational-level are largely missing, partly because data is
difficult to obtain. We hope that our research may be a first impulse for additional stud-
ies exploring whether alliance agreements primarily promote the exchange of ideas and
knowledge to individuals or else the provision of additional resources to the overall pro-
ject. In this context, future research may also explore how ideas and knowledge that
become accessible through strategic alliances are disseminated within a firm and inte-
grated into the firm’s knowledge base.

Another line of future research is to address in more detail how firms select partners
for research projects. We recognize the limitations of our study, that we do not explicitly
take this into account. Future research should use appropriate methods to address selection.
More specifically, firms may choose alliance partners which have a very high perceived
benefit for them and that have a high probability of success, demonstrated e.g., by pilot
studies or successful clinical trials. Similarly, individual scientists in firms and universi-
ties may choose to engage in projects that are perceived to have high personal benefits for
their career, and especially collaborations which may positively influence the probability
of being published in a high reputation journal as well as the number of forward citations.
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Appendix

Medical indications

See Table 6.

Table 6 List of medical
indications

Angiogenesis
Bladder cancer

Bone cancer

Brain cancer

Breast cancer
Cervical cancer
Chemotherapy related
Colon cancer
Endometrial cancer
Gastrointestinal cancer
Head and neck cancer
Hematological cancer
Kaposi sarcoma
Kidney cancer
Leukemia

Liver cancer

Lung cancer
Lymphoma

Melanoma

Metastasis

Mouth or throat cancer
Mucositis

Multiple myeloma
Non-hodgkin lymphoma
Ovarian cancer
Pancreatic cancer
Prostate cancer
Radiation related

Soft tissue sarcoma
Solid tumors

Variables, descriptive statistics and correlations

See Tables 7, 8 and 9.

Table 7 Variable description

Top journal

Citations

Num. Partners

Num. Academic Partners
Num. Pharma Partners
Num. Biotech Partners

Num. Authors
Num. Countries
Basic research

Top university

Article is published in a journal with a high reputation, i.e., a journal that
belongs to the upper 5% of the impact factor distribution

Number of forward citations in the first 3 years after publication

Number of unique partners of author affiliations in strategic R&D alliances in
the 3 years before an article is published

Number of unique academic partners of author affiliations in strategic R&D alli-
ances in the 3 years before an article is published

Number of unique pharmaceutical firm partners of author affiliations in strategic
R&D alliances in the 3 years before an article is published

Number of unique biotechnology firm partners of author affiliations in strategic
R&D alliances in the 3 years before an article is published

Number of authors of an article

Number of different countries listed in author affiliations

The journal an article is published in is classified as basic biomedical research
by the CHI classification of journals

At least one of the leading 100 universities worldwide is listed among author
affiliations
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Table 14 Utest for partner types and publications in journals with a high reputation (no-firm sample)

(@) “ (6) ®) ©
Dependent variable: top journal
Num. Partners t value 3.000
p>ld 0.001
Num. Academic Partners t value 3.100 1.920
p>l 0.001 0.028
Num. Pharma Partners t value 0.750 0.370
p>ld 0.227 0.357
Num. Biotech Partners t value 2.970 0.300
p>ld 0.001 0.381
Table 15 Utest for partner types and publications in journals with a high reputation (firm sample)
@) (4) (6) ®) )
Dependent variable: top journal
Num. Partners t value 1.290
p>l 0.098
Num. Academic Partners t value 1.560 1.870
P> 0.060 0.031
Num. Pharma Partners t value 2.010 2.250
P>l 0.023 0.012
Num. Biotech Partners t value - -
P>l - -
Table 16 Utest for partner types and forward citations (no-firm sample)
2) @) (6) ®) )
Dependent variable: citations
Num. Partners t value 3.190
P>l 0.001
Num. Academic Partners t value 3.960 2.110
P>l 0.000 0.017
Num. Pharma Partners t value 0.030 0.560
P>l 0.487 0.287
Num. Biotech Partners t value 2.930 0.480
P>l 0.002 0.316

@ Springer
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Table 17 Utest for partner types and forward citations (firm sample)
2) C)) ©) ®) )
Dependent variable: citations
Num. Partners t value 2.260
P>l 0.012
Num. Academic Partners t value 0.480 0.490
P>l 0.315 0.312
Num. Pharma Partners t value 1.520 1.220
P>l 0.065 0.111
Num. Biotech Partners t value 1.900 1.870
P>l 0.029 0.031
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