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We  examine  the  extent  to which  different  types  of  substantive  project  contributions  as  well  as social
factors  predict  whether  a scientist  is  named  as  author  on  a paper  and  inventor  on a  patent  resulting
from  the  same  project.  Using  unique  survey  data  from  over  2000  life  scientists,  we  find  that  the predic-
tors  of  authorship  differ  from  those  of inventorship.  A  wider  range  of project  contributions  may  result
in  authorship,  and  social  factors  appear  to  play  a larger  role  in  authorship  decisions  than  in  inventor-
ship  decisions.  We  also  find  evidence  that  project  contributions  and  social  factors  interact  in  predicting
authorship,  suggesting  that  the  two  sets  of  factors  should  be  considered  jointly  rather  than  seen  as  inde-
pendent  determinants  of  attribution.  In  addition  to providing  novel  insights  into  the  functioning  of  the
authorship  and  inventorship  system,  our  results  have  important  implications  for  administrators,  man-
agers,  and  policy  makers,  as  well  as  for innovation  scholars  who  often  rely  on patents  and  publications
eywords:
uest authorship
host authorship
ttribution
ocial status
roject contributions
atent–paper-pairs

as  measures  of  scientists’  performance.
© 2012 Elsevier B.V. All rights reserved.

Despite significant efforts to document and quantify misattri-
bution in the scientific community (Ducor, 2000; Flanagin et al.,
1998; Mowatt et al., 2002), a more general understanding of the

1 The terms “guest authorship” and “ghost authorship” invariably require the
choice of a standard regarding which kinds of contributions should legitimately
be rewarded with authorship. While formal standards have been specified by jour-
nal  editors (see below), those standards may  not be shared by all members of the
. Introduction

The increasing specialization of scientists, the interdisciplinary
haracter of scientific projects, and large resource requirements
ave turned science into a highly social and collaborative activ-

ty (Biagioli, 2003; Katz and Martin, 1997; Laudel, 2002; Wuchty
t al., 2007). As a consequence, assessing what kind of substantive
ontributions listed authors and inventors have made to a project is
ecoming more and more difficult. Moreover, prior work suggests
hat authorship may  not always reflect substantive contributions
ut may  also be granted on the basis of social factors such as scien-
ific eminence or hierarchical status in an organization (Birnholtz,
006; Drenth, 1998; Flanagin et al., 1998; Mowatt et al., 2002;
ennie et al., 1997; Zuckerman, 1968). Far from being isolated inci-
ents, such “guest authorships” may  be involved in over 20% of

apers in top biomedical journals (Flanagin et al., 1998; Wood,
009). Studies also provide evidence of “ghost authorship”, i.e.,
hat individuals who have made important contributions are not

∗ Corresponding author. Tel.: +1 404 385 4883; fax: +1 404 894 6030.
E-mail addresses: carolin.haeussler@uni-passau.de (C. Haeussler),

enry.sauermann@scheller.gatech.edu (H. Sauermann).

048-7333/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.respol.2012.09.009
included as authors (Flanagin et al., 1998; Laudel, 2002; Sismondo,
2009). While these issues have received considerable attention
with respect to publishing, recent work suggests ambiguities in
the relationship between substantive contributions and attribu-
tion also in the realm of patents (Lissoni and Montobbio, 2008;
McSherry, 2003; Seymore, 2006).1
community. The objective of this paper is not to categorize authorship practices
as  legitimate versus illegitimate, but to provide empirical insights into the types
of contributions and social factors that lead to authorship and inventorship. While
much of the use of the terms “guest” and “ghost” in the prior literature is based on
formal guidelines as implicit standard, we remain agnostic as to whether there is
an ideal standard and what it should look like. Regardless of the choice of standard,
however, practices that violate a given standard undermine the functioning of the
authorship system, as discussed in Section 2.1. In the final section of this paper, we
will  discuss mechanisms that may  reduce some of the ambiguity inherent in the
current system.

dx.doi.org/10.1016/j.respol.2012.09.009
http://www.sciencedirect.com/science/journal/00487333
http://www.elsevier.com/locate/respol
mailto:carolin.haeussler@uni-passau.de
mailto:henry.sauermann@scheller.gatech.edu
dx.doi.org/10.1016/j.respol.2012.09.009
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sition, or the writing of the manuscript (Hackett, 2005; Latour and
Woolgar, 1979; Laudel, 2002). Moreover, Latour (1987) reminds
us that scientific activity is embedded in larger networks and that
various external actors can also have positive (or negative) impacts

2 Two  common defects are “non-joinder” (individuals who  should be listed on the
patent are omitted) and “misjoinder” (individuals are listed but did not conceptually
contribute). For example, in one case, Dr. Ellenbogen of American Cyanamid asked
doctors at the University of Colorado to conduct a study on iron absorption for two
prenatal multivitamin formulations. In the process, the CU scientists discovered a
reformulation that increased absorption. The patent naming Dr. Ellenbogen as sole
inventor was declared non-enforceable due to a non-joinder defect (see University
C. Haeussler, H. Sauermann / 

eterminants of authorship and inventorship status is lacking. The
ey challenge in empirical work is that systematic information
n the types and levels of individuals’ contributions is often not
vailable. The order of authorship provides some insights into
elative contributions. However, the interpretation of authorship
rder is often ambiguous (Bhandari et al., 2003; Zuckerman, 1968)
nd it naturally is of limited use in trying to understand drivers
f “ghost authorship”. Second, much of the prior work has been
oncerned with publications and little is known regarding simi-
arities and differences in the factors associated with authorship
n publications versus inventorship on patents. It is conceivable
hat inventorship is defined more strictly than authorship, pos-
ibly leading to a stronger link between substantive contribution
nd inventorship attribution (Ducor, 2000). Finally, while a dis-
inction has been made between substantive contributions and
ocial factors as predictors of attribution, little attention has been
aid to potential interactions between contributions and social fac-
ors.

We  address these gaps using novel survey data on over 2000
ife scientists working in Germany and the UK who participated in
rojects that resulted in both a patent and a paper (“patent–paper-
airs”). While many scientists were listed on the resulting patent as
ell as the paper, others were not. We  relate authorship and inven-

orship status to scientists’ types and levels of project contributions
s well as to social factors. Since the publication and the patent are
ied to the same project, we are able to directly contrast the deter-

inants of authorship and inventorship controlling for the nature
f the underlying research (cf. Ducor, 2000; Lissoni and Montobbio,
008).

Our empirical findings suggest that substantive contributions as
ell as social factors significantly shape attribution patterns. How-

ver, the drivers of authorship differ from those of inventorship.
ore specifically, inventorship reflects primarily substantive con-

ributions in the form of idea conception, while authorship may
lso reflect technical contributions and the provision of data or
aterials. Controlling for substantive contributions, prior scientific

ccomplishments strongly predict authorship but not inventor-
hip, perhaps because an eminent co-author increases the chances
f publication and visibility of a paper. Hierarchical status in an
rganization increases the likelihood of inventorship but not of
uthorship. In addition to the independent effects of substan-
ive contributions and social factors, we find that the two  sets
f factors interact in predicting authorship: contributions in the
orms of carrying out technical steps or laboratory work are more
ikely to be rewarded with authorship when made by scientists

ith higher hierarchical status or prior scientific accomplish-
ents.
Our insights have important implications for institutional mech-

nisms that rely on a close link between substantive contributions
nd attribution, such as the reward system of science or the patent
ystem as a mechanism to incentivize inventive effort. Our results
lso have important implications for social scientists who rely on
atents and publications to measure constructs such as individuals’

nnovative performance (e.g., Levin and Stephan, 1991; Sauermann
nd Cohen, 2010), labor mobility across organizations or regions
e.g., Agarwal et al., 2009; Marx et al., 2009), or the composition of
esearch teams (e.g., Bikard and Murray, 2011; Singh and Fleming,
010).

In the following section, we briefly discuss the importance of
uthorship and inventorship and develop predictions regarding the
nfluence of substantive contributions and social factors on the two
ypes of attribution. In Section 3, we describe the data and meas-

res. In Section 4, we discuss our main results as well as a series
f auxiliary analyses and robustness checks. Section 5 provides a
ummary of the results as well as a discussion of implications and
pportunities for future research.
ch Policy 42 (2013) 688– 703 689

2. Project contributions and social factors as drivers of
attribution

2.1. The importance of authorship and inventorship attribution

Publications and patents are important elements of the institu-
tion of science and of national innovation systems. Their effective
role in these institutions, however, depends on the degree to which
authorship and inventorship attribution reflect substantive con-
tributions to the production of new knowledge.

In the typical view of the institution of science, scientists share
new knowledge in a timely manner with the community through
publication. In return for their contribution, authors receive peer
recognition, which in turn translates into additional benefits such
as job security (tenure), higher salaries, funding for future research,
or opportunities to monetize knowledge via consulting (Cole and
Cole, 1967; Haeussler et al., 2011; Merton, 1973; Stephan, 2012).
The important role of publications is reflected in notions such as
“publish or perish” or of publications as a “currency” in the sci-
entific community. Publications and the resulting indirect benefits
thus serve as incentives to invest effort into the generation of new
knowledge. At the same time, authorship also establishes respon-
sibility and serves as a basis for sanctions in cases of scientific
misconduct. Given these important functions, a weak link between
substantive contributions and authorship can undermine incen-
tives for research (Lane, 2010; Rennie et al., 1997) as well as the
community’s ability to enforce its norms and quality standards
(Zuckerman, 1988).

Inventorship attribution on patents plays a similarly important
role. In particular, inventors who  are listed on the patent have
the right to prevent others from using the invention and can typ-
ically secure a share of the financial value that might result from
their work. Moreover, patents can be interpreted a sign of scientific
productivity and may  help the inventor to gain recognition in the
professional community (Butkus, 2007; Dasgupta and David, 1987).
These potential payoffs serve as an important incentive for research
(Arora et al., 2008; Scotchmer, 2006). Flaws in the assignment of
inventorship may  thus directly affect the distribution of financial
and nonfinancial returns and dilute incentives for future innova-
tion. Moreover, in some countries such as the United States, patents
with an inventorship defect may  be invalid or unenforceable (e.g.,
Section 35 U.S.C. 102 (f)).2

2.2. Project contributions

Most scientific projects are collective efforts (Wuchty et al.,
2007) and typically involve a division of labor. As such, different
individuals are engaged in different (combinations of) tasks, such
as the conception and design of the study, lab work and data acqui-
of  Colorado Foundation v. American Cyanamid, 342 F.3d 1298 (Fed.Cir.2003)). In
another example, the court of Appeals of the Federal Circuit decided that a student
who  conducted experiments but neither discovered nor understood their underly-
ing principle, is not an inventor (see Stern v. Trustees of Columbia University, 434
F.3d 1375 (Fed.Dir.2006)).
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n the success of a particular research group. Which contributions
o the development of a particular piece of new knowledge are
ewarded with authorship may  reflect both formal guidelines as
ell as informal norms and customs of the scientific community

Laudel, 2002). In the biomedical sciences, the most prominent
ormal guidelines are the recommendations by the International
ommittee of Medical Journal Editors (ICMJE). According to these
uidelines,

“Authorship credit should be based on (1) substantial contributions
to conception and design, acquisition of data, or analysis and inter-
pretation of data; (2) drafting the article or revising it critically for
important intellectual content; and (3) final approval of the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.
Acquisition of funding, collection of data, or general supervision of
the research group alone does not constitute authorship.”3

Unfortunately, these guidelines are open to interpretation.
ucor’s (2000) view is that the guidelines require that each author
ake a substantial contribution to the conception and design of a

esearch project. Other scholars suggest that the conjunction “or”
n (1) and (2) allows for a high degree of heterogeneity in the con-
ributions of authors (Kwok, 2005; Lissoni and Montobbio, 2008).
ccording to the latter interpretation, a conceptual contribution is
ot necessarily required and other types of contributions may  also

ustify authorship.
Regarding informal practice, rich empirical studies of labora-

ory life suggest that authorship can be granted for a wide range
f contributions, including those that are not conceptual in nature
Hackett, 2005; Laudel, 2002). In particularly interesting recent
ases, authorship – using real names or a collective pseudonym

 has been granted to non-professional “citizen scientists” who
ontribute to a research project primarily by collecting or coding
ata and typically have little understanding of the broader research
roject (for examples and a discussion, see Eiben et al., 2012; Lintott
t al., 2009; Franzoni and Sauermann, 2012). While some of these
nformal authorship practices are inconsistent with formal guide-
ines such as those set by the ICMJE, they may  reflect the increasing
ivision of labor in science and the shared belief that even quite
ocused or unconventional types of contributions can be critical to
roject success and deserve recognition through co-authorship.

In contrast to the relatively ambiguous formal criteria for
uthorship, formal definitions of inventorship are clearer and are
ypically codified in law. In the USA, a person should be attributed
nventorship on a patent if he or she has contributed to the con-
eption of the invention (Section 35 of U.S.C. 102 (f)). A patent with
n inventorship defect is invalid or unenforceable. The European
atent Convention states that “An invention shall be considered
s involving an inventive step if, having regard to the state of the
rt, it is not obvious to a person skilled in the art” (Art. 56 Euro-
ean Patent Convention EPC 2000), suggesting that inventorship
tatus requires a creative and constructive effort. In Britain, the
inventor” is defined as “the actual deviser of the invention” (§7–3
K Patents Act, 1977). Thus, a conceptual contribution is generally

he key requirement for inventor status. We  are not aware of prior
mpirical work examining the relationship between inventorship
tatus and different types of substantive contributions. However,
e expect that inventor attribution is reserved primarily for sig-
ificant conceptual contributions for two reasons. First, as just
iscussed, a conceptual contribution is quite clearly defined as a
egal requirement and violating this requirement may  invalidate
he patent. Second, while additional co-authors on papers lead to
nly a relatively small reduction in recognition for existing authors

3 http://www.icmje.org/ethical 1author.html accessed June 29, 2012.
ch Policy 42 (2013) 688– 703

(Maciejovsky et al., 2009), taking on “unnecessary” co-inventors
comes at a considerable economic cost since a fixed amount of
financial income from patents is typically shared among all listed
inventors (see Harhoff and Hoisl, 2007).

In summary, we predict that conceptual contributions to a
project increase the likelihood that the individual will be listed as
an author on any resulting papers and as an inventor on any result-
ing patents. Contributions of a non-conceptual nature, e.g., routine
technical work or the provision of materials and data may increase
the likelihood of inclusion as an author but should not lead to the
inclusion as an inventor.

2.3. Social factors

Even though authorship and inventorship are typically thought
to reflect substantive contributions to a research project, prior evi-
dence suggests that they may  also reflect social mechanisms that
are relatively independent of actual contributions. In the following
discussion, we will focus on two particularly salient aspects: mech-
anisms related to scientists’ hierarchical position in an organization
and mechanisms related to scientists’ prior scientific accomplish-
ments.

A first set of mechanisms may  relate to the fact that some scien-
tists – such as laboratory heads – have authority over a number
of other scientists who depend on them for direction, material
resources, employment, and career advancement (Hackett, 2005;
Latour and Woolgar, 1979; Stephan, 2012). Throughout this paper,
we conceptualize a scientist’s “hierarchical position” as the num-
ber of individuals over whom she has such authority. As such, a
scientist’s hierarchical position reflects a combination of her level
in a formal group hierarchy and the size of the group, i.e., a given
number of subordinates may  result from a high level in a small
organization or a lower level in a large organization. Regardless
of actual project contributions, subordinates may  include individ-
uals in higher hierarchical positions as co-authors because they
expect that doing so creates a good relationship with the super-
visor, expresses respect and gratitude, strengthens the supervising
efforts, or signals the laboratory head’s approval of the content of
the paper (Mainous et al., 2002; Owen-Smith, 2001; Slone, 1996;
Tarnow, 1999). Stokes and Hartley (1989) as well as Ward (1994)
report that in some institutions, the senior scientist in a laboratory
is always listed as a co-author on all publications, independent of
his substantive contributions. While these arguments imply that
junior authors may  decide to “give” guest authorship to superi-
ors, it has also been suggested that some senior scientists use their
power to more or less explicitly “take” co-authorship, in what has
been called “coerced” or “abusive” co-authorship (Kwok, 2005).4

A second set of social mechanisms may  lead to the inclusion of
co-authors based on their prior scientific productivity and accom-
plishments. First, listing a highly respected scientist on the by-line
may  increase the chances that an article is published, e.g., because
editors are more willing to work with accomplished scientists and
have a greater trust in their ability to address reviewers’ concerns
(Biagioli, 2003; Davidoff, 2000). Well-known co-authors may  also
increase the legitimacy and visibility of a paper once published
because other scientists use author names as a signal of quality
when deciding which papers to read (cf. Merton, 1973; Simcoe and
Waguespack, 2011). Similarly, co-authors with experience and a
proven track record can provide advantages to the extent that the

success of new ideas depends not only on idea quality but also on
persuasion, subjective evaluations by the scientific community, and
outsiders’ assessment of the expertise of the authors (Collins and

4 Similar opinions have been expressed on blogs and websites such as
http://coauthorship.com/.

http://www.icmje.org/ethical_1author.html
http://coauthorship.com/
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Our empirical analysis draws on survey data from German and
British life scientists. We  identified potential respondents in two
ways. First, we  sampled life scientists that are listed between 2002

Authorship on Paper Inventorship on Patent
C. Haeussler, H. Sauermann / 

vans, 2007; Kuhn, 1962; Latour and Woolgar, 1979). Finally, some
ccomplished scientists may  have an interest in further increasing
heir publication count by appearing as “guest authors”, especially
f prior output reflects a strong individual-level taste for publishing
nd peer recognition (Stern, 2004; Sauermann and Roach, 2012). At
he same time, these social mechanisms may  be limited by poten-
ial costs. In particular, “guest authors” run the risk of diluting their
eputation if publications turn out to be of low quality (Cole and
ole, 1967; Owen-Smith, 2001). There may  also be significant costs
f including “guest authors” from the junior scientists’ perspec-
ive if accomplished co-authors capture a particularly large share
f the peer recognition due to the “Matthew effect” (Merton, 1973).
espite these potential costs, we expect a positive net effect of a sci-
ntist’s prior scientific accomplishments on authorship attribution,
ontrolling for the focal scientist’s substantive contributions.

Even though much of the discussion on the role of social fac-
ors concerns the attribution of authorship on publications, social

echanisms may  also play a role in the context of inventorship on
atents. For example, Seymore (2006) reports that senior scientists
re often the ones who decide whose name appears on the inventor
ist, which might result in superiors being overrepresented. Simi-
arly, individuals in higher hierarchical positions may  be included
s inventors to facilitate internal reviews and approvals of patent
pplications within the organization. Consistent with these argu-
ents, a recent study by Lissoni and Montobbio (2008) finds that

he seniority of an author is positively correlated with the prob-
bility that he or she is also listed on the corresponding patent
n a patent–paper-pair. Since prior work does not independently
bserve individuals’ substantive contributions, however, it remains
nclear if senior scientists serve as “guest inventors” or if they make
ore important substantive contributions that should legitimately

esult in inventorship attribution.
Despite the possibility that social mechanisms play a role in

nventorship, we suggest that this role is more limited than in
he case of authorship. As discussed earlier, formal inventorship
uidelines are more clearly (and legally) defined, and the costs
f violating these guidelines are likely to be high. Moreover, it is
nlikely that the above-mentioned benefits of including a senior
o-author apply as strongly in the case of a senior co-inventor. For
xample, patent applications are reviewed not by peers but by offi-
ials at patent offices who are likely less influenced by an inventor’s
rior accomplishments.5 Similarly, while well-known co-authors
ay  increase the visibility and impact of a published paper (Merton,

973), the financial value of a patent depends less on its visibility
n the scientific community, thus limiting the benefits that can be
ained from including a well-known co-inventor.

It is important to note that mere correlations between social
actors and authorship or inventorship do not necessarily imply
ausal effects, i.e., they do not imply that scientists in higher hier-
rchical positions or with significant prior accomplishments appear
n patents or papers because of these factors per se. Rather, these

ndividuals may  be more able and productive than others (Simcoe
nd Waguespack, 2011) and may  be more likely to appear on a
aper or patent because they have made important substantive

5 We are not aware of prior empirical research on the role of inventors’ social
tatus in examiners’ decisions to grant a patent. We expect such effects to be weaker
han in the case of publications for several reasons. First, examiners and inventors
re parts of different professional communities, which may reduce the degree to
hich examiners are aware of an inventor’s prior accomplishments or the extent to
hich they personally share beliefs about particular individuals. Second, examiners’
ecisions may  be subject to a larger amount of scrutiny (including legal mechanisms)
han publication decisions of editors and reviewers. Finally, while both patentability
nd publishability may  involve subjective judgments, criteria for the former are
ore clearly defined (e.g., novelty, inventiveness, and industrial application in the

uropean Patent Convention (Art. 52(1))).
ch Policy 42 (2013) 688– 703 691

contributions. In particular, senior scientists often provide the ini-
tial conceptual idea for a project while junior scientists carry out
much of the laboratory work and data analysis (Hackett, 2005;
Latour and Woolgar, 1979; Seymore, 2006). The empirical challenge
is to properly account for differences in the nature of contributions
when assessing the influence of various social factors on authorship
and inventorship.

2.4. Interactions between substantive contributions and social
factors

Substantive contributions and social factors are typically consid-
ered as independent (and competing) influences. We  suggest that
these two sets of factors may  also interact in determining attribu-
tion. With respect to authorship, we  conjecture that contributing
a certain amount of time or effort to a project is more likely to
result in authorship for a scientist with a high hierarchical position.
Our rationale is that, if junior scientists desire to include supe-
riors for reasons as those discussed above, then even a relatively
small contribution by the senior scientists may  provide a sufficient
justification. Similarly, if it is the superior who seeks to become a
co-author, a relatively small level of contribution may  provide suf-
ficient grounds to do so (Kwok, 2005). In contrast, the same level
of substantive contribution by a junior scientist will increase her
chances of authorship less. A similar logic may apply to scientific
accomplishment, i.e., a given level of substantive contribution may
have a stronger effect if made by a highly accomplished scientist.

Our predictions regarding interaction effects are less clear in the
case of patents. As argued above, the main effects of social factors
are likely to be more muted because the criteria for inventorship are
more clearly defined. Some ambiguity remains, however, and we
conjecture that extending “guest inventorship” to individuals in a
higher hierarchical position may  have certain benefits. In that case,
even small levels of substantive contributions may  provide a jus-
tification to do so, again suggesting a positive interaction between
hierarchical position and (conceptual) contribution. In contrast,
we  predicted no significant benefits of including scientists with
prior scientific accomplishments as inventors and we also do not
expect an interaction between prior accomplishments and substan-
tive contributions in predicting inventorship. Fig. 1 summarizes our
predictions.

3. Data and measures

3.1. Sample and identification of patent–paper-pairs
Substantive contributions

Conception and idea ++ ++

Lab work and technica l steps + 0

Provision of materials and data + 0

Social factors

Hierarchical position + +

Scientific acco mpl ishment + 0

Interaction effects

Hierarchical position x Contributions + +

Scientific  accompl ishment x Contributions + 0

Fig. 1. Summary of predictions.



6 Research Policy 42 (2013) 688– 703

a
l
G
t
c
t
E
G
i
e
f
r
fi
b
b

i
t
a
s
c
n
o
i
g
A
t
e
p
t
r
1
S
s
c

a
a
r
p
p
s
i
o
t
c
i
h
D
d
g
t
t
d
a
l
d
t

c
L
a
s
p
p
a

Table 1
Summary statistics.

Variable Mean Std. Dev. Min  Max

Authorship (d) 0.95 n.a. 0 1
Inventorship (d) 0.92 n.a. 0 1
Conception/idea 3.81 1.19 1 5
Laboratory work 3.16 1.28 1 5
Material/data 4.10 0.97 1 5
Hierarchical position 2.92 1.24 1 5
Scientific accomplishment 3.19 1.18 0 6.5
Reputation from publication 3.58 1.04 1 5
Reputation from patents 2.58 1.04 1 5
Team size 6.19 5.26 1 100
%  foreign lab members 20.09 22.97 0 100
Age  45.88 9.26 25 81
UK  (d) 0.18 n.a. 0 1
Firm (d) 0.47 n.a. 0 1

rather than those projects where they were listed on just one of the
resulting outputs. To the extent that this mechanism operated, our
sample may  understate the incidence of cases where individuals

6 Some of our observations included missing data. Dropping those observation
(i.e., listwise deletion) may  result in sample-selection biases if data are not miss-
ing completely at random (MCAR) and also reduces statistical power (Fichman and
Cummings, 2003; King et al., 2001). To address these issues, we imputed missing
92 C. Haeussler, H. Sauermann / 

nd 2005 as authors in PubMed, the most prominent database of
ife scientific and medical abstracts. Nine thousand seventy four
erman scientists were identified along with 8189 British scien-

ists who had published an article in the above timeframe in search
ategories related to the life sciences. Second, we sampled all inven-
ors who had filed patents with bio-sciences IPC codes with the
uropean Patent Office between 2002 and 2005, resulting in 8265
erman and 4196 British inventors. We  invited these scientists

n 2007 to participate in an online survey, contacting them using
mail addresses provided on the publications and postal addresses
rom the patent application documents. We  sent two follow-up
eminders to non-respondents asking for their participation. Before
elding the survey, we pre-tested the instrument with scientists in
oth Germany and the UK who were part of our target population
ut are not included in the final sample.

A total of 2169 scientists identified through PubMed and 2452
dentified through the European Patent Database responded. This
ranslates into a response rate of 13% of publishing scientists
nd 20% of inventors. The search categories used for identifying
cientists in the two databases were quite broad, however, and dis-
ussion with experts and a telephone survey of a random sample of
on-respondents revealed that about 30% of authors and about 25%
f the inventors captured in the original sample were not actually
nvolved in life science research. Thus, these individuals were ineli-
ible for the survey, which was explicitly addressed to life scientists.
djusting for the percentage of people who were not involved in

he life sciences, the resulting response rate was 17% for contacts
xtracted from publications and 26% for contacts extracted from
atents. To assess potential non-response bias, we  tested whether
he answers to our key variables differ significantly between early
espondents and late respondents (i.e., the first 10% versus the last
0% of respondents) (Armstrong and Overton, 1977; Rogelberg and
tanton, 2007). We  find no significant differences between the sub-
amples with respect to the variables used in this study, mitigating
oncerns about non-response bias.

Since we are interested in directly comparing the predictors of
uthorship and inventorship, we rely on “patent–paper-pairs” as
n empirical tool. Patent–paper-pairs are patents and papers that
esult from the same project, i.e., the knowledge resulting from the
roject is “inscribed in both a patent and a paper” (Murray, 2002,
. 1389). Given that the paper and the patent resulted from the
ame project, project characteristics as well as the contributions of
ndividual scientists are essentially the same across the two  types
f output. Moreover, since both forms of output exist by defini-
ion, differences in project-level productivity, chances of success, or
osts of disclosure should not affect comparisons of authorship and
nventorship. Due to these desirable properties, patent–paper-pairs
ave been used in prior work on scientific attribution. For example,
ucor (2000) performed a manual search of patent and publication
atabases and identified 40 patent-paper-pairs related to specific
enetic or amino acid sequences. Using these data, he showed
hat the authors on the papers do not always match the inven-
ors on the corresponding patents, providing first evidence that
ifferent processes may  drive authorship and inventorship. Lissoni
nd Montobbio (2008) used text-mining techniques to match pub-
ications to patents of Italian academic inventors and again show
ifferences in the names appearing on patents versus the names
hat appear on the associated papers.

Prior work has identified patent–paper-pairs primarily using
o-word analysis of publication and patent records (Ducor, 2000;
issoni and Montobbio, 2008; Murray and Stern, 2007). This
pproach essentially identifies patents and papers that are very

imilar in content and are thus likely to have resulted from the same
roject. Our survey approach allowed us to identify patent–paper-
airs in a more direct way. We  asked respondents “If you think
bout your past projects, has there been a project which resulted in
Male (d) 0.85 n.a. 0 1

Note: 2191 observations; (d) indicates binary variable.

both a patent filed and an article in a peer-reviewed scientific jour-
nal?”. Forty-eight percent of the respondents stated that they had
been involved in such a project, resulting in a sample of 2191 scien-
tists for our main analysis. Thus, patent–paper-pairs were a rather
common phenomenon in our sample, consistent with the notion
that the life sciences are characterized by an overlap between
basic and applied research, and by a frequent use of multiple dis-
closure mechanisms (Gans et al., 2010; Sauermann and Stephan,
2012; Stokes, 1997; Vallas and Kleinman, 2008). At the same time,
it has to be kept in mind that we explicitly sampled individuals
who  were active publishers or active patentees. While our results
should apply to research active scientists, especially those who are
involved in projects that result in patent–paper-pairs, we are cau-
tious in generalizing our results beyond these boundaries. A key
advantage of our survey data over the bibliometric data commonly
used in prior work is that they include measures of different types
of project contributions and of social factors that are difficult to
obtain from patent and publication records.

3.2. Measures

Table 1 provides summary statistics for key variables.6

3.2.1. Authorship and inventorship
We  asked respondents with a patent–paper-pair if they were

named as author on the publication and as inventor on the patent
resulting from the focal research project.7 Ninety-five percent of
the scientists are listed as author on the paper (authorship=1) and
ninety-two percent are listed as inventor on the patent (inventor-
ship = 1). Eighty-nine percent of the scientists were listed on both
the patent and the paper. While the higher rate of authorship is
consistent with our expectation, the rate of inventorship is quite
similar to that of authorship in an absolute sense, perhaps reflect-
ing that respondents tended to focus on patent–paper–pair projects
where they personally were listed on both the patent and the paper,
data using conditional mean imputation. Robustness checks using listwise deletion
show very similar results.

7 If more than one publication or more than one patent resulted from the project,
we  asked the respondents to refer to the most important publication or patent in
their answer.
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ave made significant contributions but are not listed on the result-
ng output. Thus, we limit our examination of “ghost” authorship
nd inventorship to an auxiliary analysis (Section 4.2). Our main
nalysis focuses on the factors that lead scientists to be listed as
uthors or inventors, including potential cases of “guest” author-
hip and inventorship.

.2.2. Project contributions
We  asked respondents to indicate the level of their project

ontributions along three distinct dimensions, using rating scales
anging from 1 (disagree strongly) to 5 (agree strongly). More
pecifically, we asked “Thinking of your contribution to the project,
o what extent do you agree or disagree with the following state-

ents?”, followed by three types of contributions: the variable
onception/idea measures the extent to which the respondents
gree to “I contributed the inventive idea for the project” and
hows a mean of 3.81. The variable laboratory work measures the
xtent to which the respondents agreed to “I carried out all impor-
ant technical steps of the project (e.g., I did most of the laboratory
ork)” (mean 3.16). Finally, the variable material/data measures the

xtent to which the respondents agreed to “I contributed important
aterial/data” (mean 4.10). While the third type of contribution
ay  involve the collection of data through laboratory work, our

re-tests suggest that respondents also thought about additional
esearch inputs such as biological materials or external databases.8

Table 2 shows that the measures of project contributions are
nly moderately correlated; the correlation between laboratory
ork and material/data is 0.43, and the correlations between

onception/idea and the other two types of contributions are below
.1. These relatively low correlations signal discriminant validity;
s intended, our measures of project contributions seem to capture
ifferent dimensions of project contribution rather than reflecting
ome overall level of contribution or common methods bias (cf.
edhazur and Schmelkin, 1991; Podsakoff et al., 2003). In addition,
hese correlations suggest that some scientists tend to make
rimarily conceptual contributions, while others tend to make
ontributions in the form of both material/data and laboratory
ork. We  will examine predictors of the type of contribution in

uxiliary analyses.
A potential concern with self-reports of project contributions

s that individuals may  overestimate their importance in teams
Johnson and Orbach, 2002; Van den Steen, 2004). Such a bias
hould play a limited role for contributions that are relatively dis-
rete and “observable”, such as laboratory work or the provision of
aterials. However, it may  be more problematic for contributions

hat require a subjective evaluation. Thus, overall levels of reported
ontributions should be interpreted with caution. As long as such
eporting biases are shared among respondents and not system-
tically related to other key dependent or independent variables,
hey should not affect our correlational results. Moreover, we  find
hat the measures of contributions have very different effects on
he outcomes of interest, suggesting that a common reporting

ias is unlikely the driver of our results. Finally, we will report
elow auxiliary analyses using an independent data set on project
ontributions to replicate key relationships observed in our data,

8 A potential concern is that our three measures of project contributions do not
apture all possible types of contributions. In particular, senior researchers may  play
n  important role in acquiring grants and other resources (Schafer and Graham,
002).  While we  have no measure of such contributions to a particular project,
espondents indicated in a different question what percentage of their work hours
hey spend on acquiring funding and grants. As a robustness check, we  included
his variable both in its original form (as a percentage) and as a dummy  indicating
hether a respondent spent more than 10% of her time (the mean) on this activity.
either measure has a significant effect on authorship or inventorship and including

his measure has no noticeable effect on our core results. Ta
b
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roviding further evidence of the validity of our contribution
easures.
Despite their limitations, our measures of contributions provide

mportant complementary insights to other approaches. In par-
icular, a common alternative approach relies on the order of
uthorship to identify individuals’ types and levels of contributions
e.g., Lissoni and Montobbio, 2008). This approach is based on
ertain assumptions regarding the order of authorship, e.g., that
he first author is the junior scientist who has made the greatest
ontribution to the project, whereas the last author is the head
f the research team who supervised the project. The validity of
hese assumptions is debated in the literature (Bhandari et al.,
003; Zuckerman, 1968). More importantly, the drawback of that
pproach is that authorship order is likely to simultaneously reflect
ocial factors and project contributions and may  thus provide little
nsight into their relative role.

.2.3. Social factors
We measure hierarchical position using respondents’ answer to

he following question: “How many full time employees are you
urrently responsible for, or rather how many employees currently
eport directly to you?”. The variable hierarchical position equals
ne if no employee is directly reporting to the respondent, two if
–3 employees report, three if 4–7 employees report, four if 8–15
mployees report and five if more than 15 employees report. As
oted earlier, our conceptualization of hierarchical position may
eflect both the hierarchical level in an organization as well as the
ize of the organization/research group. While we are unable to
eparate these two aspects, it is their joint influence with which
e are primarily concerned.

We  use respondents’ number of peer-reviewed publications as
ur proxy for scientific accomplishment, obtained in response to
he survey question “To date, how many scientific articles in peer-
eviewed journals have you published?”. Note that this measure
aptures primarily the quantity of output and does not provide
irect insights into the quality of publications or the degree to
hich a respondents’ research is recognized in the broader scien-

ific community. However, prior work suggests a strong positive
elationship between the quantity of output and peer recognition
Cole and Cole, 1967; Merton, 1973) as well as between the num-
er of publications and the number of high impact contributions
Simonton, 2003). In auxiliary analyses below (Section 4.2), we also
raw on additional citation data available for a subset of our respon-
ents to examine potential differences in the effects of the quantity
ersus quality dimensions of scientific accomplishment (Cole and
ole, 1967; Costas and Bordons, 2008).

The average scientist in our sample has 47 publications, with
 median of 25. Given the considerable skew of publication out-
ut, we use the natural log in our empirical analysis.9 Table 2
hows that scientific accomplishment and hierarchical position are
orrelated positively (r = 0.34, p < 0.01), consistent with the idea
hat scientific accomplishment is an important predictor of career
dvancement. However, scientific accomplishment does not guar-
ntee a higher hierarchical position, especially in the life sciences
here labor markets are characterized by a large supply of qualified

cientists (Stephan, 2012; Vallas and Kleinman, 2008). We  interpret
he medium (rather than high) correlation between hierarchical
osition and scientific accomplishment as evidence of discriminant

alidity, i.e., that the two measures capture distinct constructs and
an be examined as separate predictors of attribution.

9 To assess the validity of self-reported publication counts, we  collected indepen-
ent publication data for a random subsample of thirty scientists using PubMed. We
nd a correlation of 0.84 between the two measures, increasing our confidence in
he self-reported measure.
ch Policy 42 (2013) 688– 703

3.2.4. Control variables
We  include additional variables to control for characteristics of

the research project, of scientists, and of their employing organiza-
tions.

Team size indicates the number of researchers involved in the
focal research project. We  conjecture that the contributions an indi-
vidual makes to a project may  decrease with the size of the team,
potentially reducing the likelihood of authorship and inventorship.
The average team size is 6.19. Since this measure is skewed, we use
the natural log in our regressions.

We  include the variable %foreign lab members to control for the
possibility that attribution patterns depend on the composition of
the research team in terms of nationality. The average respondent
worked in a team with 20% foreign members.

To control for potentially different roles of patents and publi-
cations across institutional environments (Haeussler and Colyvas,
2011), we  asked respondents how important they thought patents
and publications are to gain reputation among their peers. Both
measures (reputation from patents and reputation from publications,
respectively) are measured on 5-scales ranging from 1 (not impor-
tant) to 5 (extremely important). On average, publications are rated
as more important (3.58) than patents (2.58). Not surprisingly, the
importance of publications is rated significantly higher in academia,
while the importance of patents is rated significantly higher in
industry (Table 2). We  expect that individuals for whom patents
and publications are more important are more likely to insist on
inventorship/authorship and are thus more likely to be listed as
inventors or authors.

We  include the variable age in order to control for possible age
effects. The average age is 46 years.

Male is an indicator variable equal to one if the respondent is
male. Eighty-five percent of our respondents are male.

Firm is an indicator variable that is equal to one if the scientist is
full time employed in a firm and equal to zero if the scientist is full
time employed at a university or a non-university public research
organization (e.g., Max  Planck in Germany, Wellcome Trust in the
UK). We  include this variable to account for the possibility that
firm scientists are generally more likely to appear on a patent than
academics, but less likely to appear on publications (Ducor, 2000;
Rennie et al., 1997; Sauermann and Stephan, 2012). In our sample,
47% of respondents work in industry. We  report regressions sepa-
rately for industry and academia as an auxiliary analysis; given that
we find few differences across sectors, our main analysis features
regressions using the pooled sample.

Finally, UK is an indicator variable that is equal to one if the sci-
entist is employed in the UK (18%) and equal to zero if the scientist
is employed in Germany (82%). This variable captures any exist-
ing systematic differences across countries, including potentially
different roles of patents and publications in the scientific system.

4. Multivariate analysis

4.1. Main analysis

Table 3 provides the results for the determinants of authorship
and inventorship. We  estimate these regressions using a bivariate
probit model because our two dependent variables are observed for
the same individuals and the error terms may  be correlated across
equations (Wooldridge, 2001).

Model 1 regresses authorship and inventorship on control
variables and the three types of project contribution. Conceptual

contributions are strongly linked to both authorship and inventor-
ship; we observe no significant relationship between laboratory
work or materials/data and attribution. Model 2 includes the con-
trols as well as social factors. Hierarchical position has a significant
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Table 3
Authorship and inventorship (bivariate probit).

Variables 1 2 3 4

Author Inventor Author Inventor Author Inventor Author Inventor

Conception/idea 0.234** 0.356** 0.168** 0.332** 0.198** 0.334**

(0.044) (0.036) (0.048) (0.037) (0.059) (0.039)
Laboratory work −0.068 0.030 −0.000 0.055 0.154* 0.034

(0.048) (0.040) (0.053) (0.041) (0.068) (0.043)
Material/data 0.101 0.058 0.127* 0.059 0.149* 0.062

(0.058) (0.049) (0.063) (0.049) (0.068) (0.051)
Hierarchical position 0.049 0.134** 0.029 0.094* 0.051 0.105*

(0.048) (0.039) (0.049) (0.042) (0.057) (0.045)
Scientific accomplishment 0.544** 0.097 0.539** 0.052 0.589** 0.009

(0.057) (0.050) (0.059) (0.054) (0.064) (0.060)
Sci.  accomplish × Conception/idea 0.005 −0.059

(0.039) (0.033)
Sci.  accomplish × Laboratory work 0.127** −0.002

(0.042) (0.035)
Sci.  accomplish × Material/data 0.059 −0.074

(0.049) (0.044)
Hierarchical position × Conception/idea 0.016 0.034

(0.041) (0.033)
Hierarchical position × Laboratory work 0.105** −0.062

(0.041) (0.035)
Hierarchical position × Material/data −0.053 0.011

(0.049) (0.044)
Reputation from publications 0.105 −0.026 0.001 −0.021 −0.010 −0.037 −0.004 −0.040

(0.054) (0.047) (0.059) (0.045) (0.061) (0.048) (0.062) (0.049)
Reputation from patents −0.050 0.064 0.046 0.094* 0.022 0.069 −0.008 0.067

(0.054) (0.049) (0.058) (0.047) (0.060) (0.050) (0.062) (0.051)
Age  −0.003 0.012* −0.028** 0.007 −0.028** 0.008 −0.027** 0.009

(0.006) (0.005) (0.007) (0.006) (0.007) (0.006) (0.007) (0.006)
Log  team size 0.182* −0.006 −0.121 −0.241** −0.015 −0.028 −0.065 −0.011

(0.088) (0.077) (0.088) (0.068) (0.098) (0.078) (0.100) (0.079)
%  foreign lab members 0.003 −0.000 0.002 0.001 0.002 −0.000 0.002 −0.001

(0.003) (0.002) (0.003) (0.002) (0.003) (0.002) (0.003) (0.002)
UK 0.012 −0.053 0.037 0.100 −0.038 −0.022 −0.074 −0.023

(0.157) (0.117) (0.166) (0.113) (0.171) (0.119) (0.175) (0.120)
Firm  −0.444** 0.222* −0.016 0.313** −0.023 0.284* −0.122 0.317**

(0.130) (0.108) (0.144) (0.110) (0.149) (0.115) (0.157) (0.118)
Male  0.147 −0.012 0.003 0.006 −0.040 −0.043 −0.070 −0.056

(0.140) (0.117) (0.149) (0.112) (0.154) (0.118) (0.164) (0.120)
Constant 1.535** 0.933** 3.363** 1.263** 3.427** 1.217** 3.783** 1.134**

(0.403) (0.359) (0.462) (0.373) (0.483) (0.400) (0.507) (0.406)
Arthro 0.303** 0.358** 0.288** 0.347**

Observations 2191 2191 2191 2191
Chi2 199.8 187.7 280.9 196.3
ll  −813.7 −815.9 −737.0 −760.1
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extent, inventorship. To examine this possibility, we  include in
model 4 the interactions between these sets of variables.12 Two
significant interaction terms emerge in the authorship regression.

underlying cause. First, our dependent variable indicates whether a scientist is
included on a paper in an existing patent-paper-pair, i.e., all focal projects resulted in
successful publication and our analysis does not consider variation in project output
ote: Standard errors in parenthesis.
* p < 0.05.

** p < 0.01.

ositive effect on inventorship but not on authorship. In contrast,
cientific accomplishment has a positive effect on authorship but
ot inventorship.10 As discussed earlier, positive coefficients of
ierarchical position and scientific accomplishment may  reflect
guest” attributions due to social mechanisms, but they may  also
eflect that these individuals make more important substantive
ontributions to the focal project. In an attempt to separate the
wo mechanisms, model 3 additionally includes the measures of
ontributions. We  observe that the positive effect of hierarchical
osition on inventorship is reduced once we include contributions,
uggesting that some of this relationship is due to the fact that
cientists in a higher hierarchical position (e.g., lab leaders) are

ore likely to make a strong conceptual contribution. However,

ontrolling for contributions does not noticeably change the effect
f scientific accomplishment on authorship.11 Model 3 also shows

10 When hierarchical position and scientific accomplishment are entered separately,
oth are significant and positive in the authorship and inventorship regressions.
11 The positive relationship between scientific accomplishment and authorship
oes not simply reflect a scientist’s higher ability or productivity as common
that contributions in the form of material/data have a positive effect
on authorship once social factors are included in the regression.

Finally, we suggested that substantive contributions and social
factors may  interact in predicting authorship and, to a smaller
as  such. Second, model 3 controls for substantive contributions, i.e., differences in
the ability (or effort) to contribute to the project are controlled for.

12 We mean-centered the component measures such that the main effects can be
interpreted as the effects of a focal variable for a scientist with the average score
on  the other variable involved in the interaction (Jaccard et al., 1990). For example,
the significant coefficient of 0.154 on laboratory work in the authorship regression
(model 4) suggests that contributions in the form of laboratory work have a posi-
tive effect on the likelihood of authorship for individuals with average hierarchical
status and average scientific accomplishment. Since estimated interaction effects in
nonlinear models may  be misleading, we verified our results using linear probability
models.
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Table 4
Omission from authorship and inventorship (bivariate probit).

Variables 1 2 3

om-Author om-Inventor om-Author om-Inventor om-Author om-Inventor

Conception/idea −0.163 −0.198 −0.042 −0.179
(0.162) (0.145) (0.184) (0.146)

Laboratory work 0.033 0.140* −0.017 0.122
(0.073) (0.068) (0.084) (0.070)

Material/data −0.089 −0.016 −0.132 −0.020
(0.091) (0.089) (0.101) (0.090)

Hierarchical position −0.054 −0.127* −0.068 −0.099
(0.072) (0.064) (0.074) (0.065)

Scientific accomplishment −0.557** 0.000 −0.563** 0.014
(0.081) (0.085) (0.083) (0.086)

Reputation from publications −0.083 0.083 0.021 0.076 0.033 0.079
(0.078) (0.073) (0.091) (0.075) (0.092) (0.076)

Reputation from patents 0.053 −0.266** −0.011 −0.247** 0.000 −0.262**

(0.076) (0.084) (0.085) (0.082) (0.086) (0.084)
Age  0.004 0.004 0.031** −0.001 0.029** 0.003

(0.008) (0.008) (0.010) (0.009) (0.010) (0.010)
Log  team size −0.196 −0.079 0.056 −0.107 0.012 −0.078

(0.129) (0.116) (0.137) (0.112) (0.149) (0.117)
%  foreign lab members −0.003 0.004 −0.001 0.004 −0.002 0.004

(0.004) (0.003) (0.004) (0.003) (0.004) (0.003)
UK 0.152 0.011 0.187 −0.028 0.191 −0.019

(0.211) (0.168) (0.231) (0.169) (0.236) (0.171)
Firm  0.701** −0.020 0.219 −0.056 0.182 −0.047

(0.211) (0.175) (0.244) (0.185) (0.248) (0.186)
Male  −0.159 −0.093 −0.104 −0.126 −0.065 −0.101

(0.238) (0.197) (0.254) (0.193) (0.259) (0.197)
Constant −1.891** −1.483* −3.880** −1.323* −3.798** −1.431*

(0.642) (0.578) (0.722) (0.627) (0.772) (0.655)
Arthro 0.410* 0.411* 0.457*

Observations 1355 1355 1355
Chi2 51.17 91.12 97.51
ll  −321 −294.4 –290.4
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conceptual contribution (conception/idea score of 4 or 5). Table 4
shows the results of bivariate probit regressions using the smaller
sample of scientists who have made strong conceptual contrib-
utions and using the indicators of omission as dependent variables.
ote: Standard errors in parenthesis. Sample limited to scientists with high scores (
* p < 0.05.

** p < 0.01.

ore specifically, the results indicate that the impact of laboratory
ork on authorship is stronger for scientists in higher hierarchical
ositions and for individuals with higher scientific accomplish-
ents. These positive interactions are in line with our conceptual

iscussion suggesting that even small substantive contributions
ay  provide sufficient justification to gain authorship when made

y scientists with high social status but less so for scientists with
ow social status. In contrast, neither hierarchical position nor
cientific accomplishments moderate the effects of project contrib-
tions on inventorship.

Before we turn to auxiliary analyses to provide further insights,
e briefly comment on some control variables. First, older scien-

ists are less likely to appear as co-authors once we control for
ierarchical position and scientific accomplishment.13 A potential

nterpretation is that older scientists have a shorter career horizon
nd are therefore less eager to appear on the publication than scien-
ists at the beginning of their careers (cf. Levin and Stephan, 1991).
lder scientists might even cede authorship to younger scientist
hose careers are more open and less secure – an effect called

noblesse oblige” (Zuckerman, 1968). However, due to the cross-
ectional nature of our data, we cannot disentangle age effects from
otential cohort effects, e.g., older scientists may  have been social-

zed into different norms regarding authorship than their younger

olleagues (Wuchty et al., 2007). Second, firm scientists are more
ikely to be listed as co-inventors, even controlling for social fac-
ors and project contributions. While firm scientists are also less

13 We  tested for the presence of nonlinearities by including age squared but did
ot find a significant effect.
) on conception/idea.

likely to be listed on the paper, that effect disappears once we con-
trol for social factors. We  report separate regressions for industrial
and academic scientists below as an auxiliary analysis. Lastly, we
find no authorship or inventorship differences between scientists
working in the UK versus Germany, or between female and male
scientists.14

4.2. Auxiliary analyses and robustness checks

Since our main analysis focuses on authorship and inventor-
ship as dependent variables, it provides only limited insights into
“ghost” authorship or inventorship, i.e., cases where scientists are
not included on the by-line even though they have made important
contributions. To explore this issue, we coded two new dummy
variables indicating whether a scientist was omitted from the list
of authors (om-author = 1) and from the list of inventors (om-
inventor = 1), conditional upon having made a strong or very strong
14 The error terms of the authorship and inventorship equations have a positive
correlation (estimate of rho in Table 3). Thus, controlling for the variables included
in  our various models, scientists who  are more likely to be listed as authors are
also  more likely to be listed as inventors. While we cannot further explore which
characteristics of scientists lead them to be more likely to appear on both types of
output, the absence of a negative correlation provides no evidence of trade-offs in the
sense that scientists who want to appear as authors do not like to appear as inventors,
or  that team-members systematically “trade” inventorship against authorship.
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Table 5
Project contributions (ordered probit).

Variables 1 2 3
Conception/idea Laboratory work Material/data

Hierarchical position 0.108** −0.148** −0.080**

(0.020) (0.020) (0.020)
Scientific accomplishment 0.088** −0.150** −0.039

(0.027) (0.027) (0.028)
Age  0.006* −0.017** −0.015**

(0.003) (0.003) (0.003)
UK  0.284** −0.051 −0.051

(0.064) (0.062) (0.064)
Firm  −0.027 −0.217** −0.073

(0.054) (0.052) (0.054)
Male  0.197** −0.131* 0.018

(0.067) (0.066) (0.070)
Observations 2191 2191 2191
Chi2 136.6 273.4 72.57
ll −3048  −3300 −2688
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ote: Standard errors in parenthesis.
* p < 0.05.

** p < 0.01.

e  find that individuals with higher prior scientific accomplish-
ent are less likely to be omitted from publications. Thus, it

ppears that prior accomplishment increases authorship attribu-
ion not only because it may  result in “guest authorships” but also
ecause it reduces “ghost authorships”. Hierarchical position has

 small negative effect on omission from patents but this effect
ecomes insignificant once we control for contributions. Interest-

ngly, the degree to which patents matter for reputation among
eers (reputation from patents) is negatively related to omission
rom inventorship. Thus, it appears that scientists who  have made
ignificant contributions and for whom patenting is important
nsist more strongly on inventorship to avoid becoming “ghost
nventors”.

In a second set of auxiliary regressions, we examine how project
ontributions are related to social factors. Towards that end, we
ow regress the three contribution measures on hierarchical posi-
ion and scientific accomplishment as well as on control variables
Table 5). Consistent with our expectation, we  find that scientists
n higher hierarchical positions are more likely to make significant
onceptual contributions, but less likely to make strong contrib-
tions in the form of laboratory work or by providing data or
aterials. Prior scientific accomplishment is positively associated
ith conceptual contributions and negatively associated with lab-

ratory work but has no relationship with contributions in the
orm of materials or data. In conjunction with our main results,
hese results support the notion that hierarchical position is asso-
iated with inventorship partly because higher-status individuals
end to make stronger conceptual contributions, i.e., conceptual
ontributions mediate the relationship between hierarchical posi-
ion and attribution (cf. Baron and Kenny, 1986). In contrast, while
cientific accomplishment also predicts stronger conceptual con-
ributions, this fact does not explain why highly accomplished
cientists are more likely to be included as co-authors on papers
the coefficient of scientific accomplishment changed little once
ontributions were included in the main regressions in Table 3).

The results in Table 5 also speak to a large literature on the
mpact of age on scientific productivity (Jones and Weinberg, 2011;
ehman, 1953; Stephan and Levin, 1992). One common notion
n that literature is that age is systematically related to scientific
roductivity because scientists’ ability to make particular contrib-
tions changes over the life cycle. For example, Weinberg and

alenson (2005) distinguish between abstract/deductive contrib-
tions and inductive/empirical contributions and argue that the

atter require a greater amount of experience, giving older sci-
ntists an advantage in empirical work. Jones (2009) suggests
that major contributions require foundational knowledge and that
older and more experienced scientists may be better equipped to
make important contributions, especially in mature fields with a
large stock of accumulated knowledge. Finally, Simonton (2003)
develops a theory of creativity as constrained stochastic behav-
ior, arguing that the likelihood that an idea is successful does not
change over the life cycle. However, older scientists may  be able
to create a larger number of ideas, therefore also increasing the
number of successes. While our results do not speak to publica-
tion productivity, the results in Table 5 provide unique insights
into the particular types of contributions made by older and more
experienced scientists to a given project, thus speaking to some
of the mechanisms hypothesized in prior work. By showing that
senior scientists are much less likely to conduct empirical work and
more likely to make conceptual contributions, our results suggest
that experience may  provide more of an advantage for conceptual
work than for empirical contributions, perhaps because formulat-
ing research ideas and hypotheses requires intimate knowledge
of the body of prior work or of the way  in which the field eval-
uates scientific contributions (Merton, 1973). Alternatively, it may
be that age provides more of a (relative) disadvantage in empiri-
cal work, perhaps because methodological knowledge depreciates
faster, providing junior scientists who acquire the newest meth-
ods a comparative advantage over older colleagues (Jones and
Weinberg, 2011; Levin and Stephan, 1991). In a more general sense,
our study suggests two  potentially important nuances. First, rather
than being either conceptual or empirical in nature, most stud-
ies require both conceptual and empirical contributions, at least
in fields such as the life sciences. Second and related to the prior
point, many projects involve more than the focal individual, raising
the opportunity to divide project tasks among multiple collabora-
tors. As such, future work on age effects may  fruitfully study the
relationships between age and collaboration as well as the division
of labor.

In a third set of analyses, we explore whether drivers of author-
ship and inventorship attribution differ between scientists working
in industry and those working in academia. Some authors suggest
that industrial and academic science share key features, including
the important role of publications as a signal of research perfor-
mance (Stern, 2004; Stuart and Liu, 2010). At the same time, it
has been argued that the “logics” of industrial and academic sci-

ence differ with respect to factors such as the organization of
research labs and the division of labor, the role of patents, or the
importance of publications as a measure of individuals’ perfor-
mance (Blume, 1974; Fini and Lacetera, 2010). In Table 6, we split
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Table 6
Authorship and inventorship – by sector (bivariate probit).

Variables Industrial scientists Academic scientists

1 2 3 4 5 6

Author Inventor Author Inventor Author Inventor Author Inventor Author Inventor Author Inventor

Conception/idea 0.210** 0.419** 0.151* 0.399** 0.289** 0.313** 0.207* 0.294**

(0.058) (0.063) (0.063) (0.065) (0.078) (0.045) (0.086) (0.047)
Laboratory work −0.076 0.006 −0.032 0.021 −0.088 0.067 0.036 0.090

(0.059) (0.065) (0.066) (0.065) (0.088) (0.053) (0.099) (0.055)
Material/data 0.179* 0.116 0.193* 0.112 −0.030 0.016 0.006 0.018

(0.071)  (0.076) (0.077) (0.077) (0.115) (0.066) (0.121) (0.066)
Hierarchical position 0.039 0.144* 0.021 0.115 0.133 0.131* 0.097 0.090

(0.057)  (0.056) (0.059) (0.060) (0.098) (0.056) (0.105) (0.060)
Scientific accomplishment 0.618** 0.113 0.614** 0.032 0.524** 0.019 0.504** 0.005

(0.071)  (0.070) (0.073) (0.079) (0.116) (0.076) (0.122) (0.080)
Reputation from publications 0.093 0.006 −0.040 0.006 −0.058 0.010 0.131 −0.030 0.031 −0.020 0.031 −0.041

(0.066) (0.075) (0.074) (0.071) (0.077) (0.079) (0.100) (0.063) (0.105) (0.061) (0.108) (0.064)
Reputation from patents −0.033 0.031 0.085 0.085 0.054 0.026 −0.134 0.089 −0.090 0.097 −−0.102 0.092

(0.065)  (0.073) (0.072) (0.068) (0.074) (0.075) (0.105) (0.070) (0.107) (0.066) (0.112) (0.070)
Age  0.006 −0.009 −0.014 −0.012 −0.013 −0.012 −0.023* 0.028** −0.056** 0.026** −0.058** 0.026**

(0.007) (0.008) (0.008) (0.008) (0.009) (0.009) (0.011) (0.007) (0.013) (0.009) (0.014) (0.009)
Log  team size 0.395** 0.030 0.079 −0.198 0.182 0.015 −0.329 −0.020 −0.691** −0.258** −0.555** −0.030

(0.111)  (0.119) (0.112) (0.103) (0.125) (0.122) (0.182) (0.103) (0.193) (0.093) (0.210) (0.104)
%  foreign lab members 0.006 −0.003 0.005 −0.001 0.004 −0.003 −0.001 0.000 −0.002 0.001 −0.003 0.000

(0.004) (0.003) (0.004) (0.003) (0.004) (0.003) (0.004) (0.002) (0.004) (0.002) (0.004) (0.002)
UK  −0.066 −0.185 −0.002 0.008 −0.059 −0.150 0.155 0.005 0.201 0.144 0.107 0.042

(0.207)  (0.202) (0.226) (0.193) (0.234) (0.206) (0.271) (0.145) (0.287) (0.142) (0.295) (0.149)
Male  0.110 0.056 −0.051 0.094 −0.096 0.016 0.189 −0.018 −0.022 −0.005 −0.050 −0.025

(0.186)  (0.207) (0.200) (0.196) (0.205) (0.211) (0.229) (0.142) (0.248) (0.138) (0.260) (0.145)
Constant 0.338 2.116** 2.484** 2.281** 2.548** 2.340** 3.480** 0.195 5.929** 0.461 5.954** 0.348

(0.482)  (0.544) (0.557) (0.560) (0.585) (0.616) (0.793) (0.497) (1.042) (0.541) (1.068) (0.568)
Arthro 0.359** 0.441** 0.366** 0.283 0.349* 0.298
Observations 1032 1032 1032 1159 1159 1159
Chi2 85.55 109.2 155.0 107.7 75.74 123.4
ll  −406.4 −390.1 −360.6 −387.4 −403.1 −375.3

Note: Standard errors in parenthesis.
* p < 0.05.

** p < 0.01.
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Table 7
Quantity vs. quality of scientific accomplishment (bivariate probit, limited sample).

Variables Limited sample

1 2 3 4

Author Inventor Author Inventor Author Inventor Author Inventor

Conception/idea 0.165* 0.417** 0.168* 0.424**

(0.078) (0.057) (0.077) (0.058)
Laboratory work 0.049 0.065 0.050 0.054

(0.090) (0.065) (0.090) (0.066)
Material/data 0.159 0.129 0.161 0.147

(0.119) (0.073) (0.118) (0.075)
Hierarchical position −0.027 0.187** −0.048 0.109 −0.024 0.174** 0.045 0.091

(0.083) (0.064) (0.080) (0.071) (0.081) (0.064) (0.079) (0.072)
Scientific accomplishment (quantity) 0.271* 0.156 0.300* 0.130 0.272* 0.146 0.301* 0.119

(0.137) (0.095) (0.140) (0.105) (0.137) (0.094) (0.141) (0.104)
Scientific accomplishment (quality) −0.001 0.009 −0.002 0.012

(0.003) (0.006) (0.003) (0.007)
Reputation from publications −0.016 −0.043 −0.050 −0.079 −0.018 −0.028 −0.052 −0.067

(0.108) (0.064) (0.099) (0.071) (0.108) (0.066) (0.099) (0.072)
Reputation from patents 0.063 0.083 0.020 0.048 0.059 0.105 0.015 0.078

(0.109) (0.074) (0.118) (0.085) (0.110) (0.076) (0.119) (0.089)
Age  −0.036** 0.005 −0.037** 0.006 −0.036** 0.004 −0.037* 0.005

(0.013) (0.011) (0.014) (0.012) (0.013) (0.011) (0.014) (0.012)
Log  team size −0.158 −0.491** −0.050 −0.291* −0.154 −0.513** −0.044 −0.322*

(0.156) (0.121) (0.176) (0.132) (0.158) (0.122) (0.179) (0.134)
%  foreign lab members −0.002 0.005 −0.003 0.002 −0.002 0.005 −0.003 0.002

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
UK  −0.119 0.218 −0.194 0.109 −0.114 0.171 −−0.190 0.046

(0.228) (0.183) (0.236) (0.203) (0.228) (0.178) (0.237) (0.200)
Firm −0.069 0.628** −0.065 0.638** −0.067 0.615** −0.063 0.632**

(0.284) (0.169) (0.290) (0.180) (0.285) (0.168) (0.290) (0.180)
Male  0.118 0.121 0.130 0.168 0.122 0.119 0.136 0.172

(0.238) (0.176) (0.243) (0.197) (0.239) (0.176) (0.245) (0.196)
Constant 3.791** 1.580* 3.965** 1.625* 3.799** 1.549* 3.975** 1.627*

(0.860) (0.661) (0.838) (0.712) (0.865) (0.651) (0.841) (0.706)
Arthro 0.351* 0.238 0.357* 0.235

(0.152) (0.177) (0.153) (0.181)
Observations 892 892 892 892
Chi2 72.21 160.0 75.50 164.9
ll  −309.9 −274.6 −307.7 −271.9
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ote: Standard errors in parenthesis.
* p < 0.05.

** p < 0.01.

he sample and estimate key regressions using industrial and aca-
emic scientists separately. Most of our key results hold in both
ectors, including the positive relationship between conceptual
ontributions and both types of attribution, the positive relation-
hips between scientific accomplishment and authorship, and that
etween hierarchical position and inventorship.15 One notable dif-
erence is that contributions in the form of material are associated
ith authorship in industry but not in academia. One possible inter-
retation is that firm scientists subscribe more strongly to norms
f exchange, thus expecting authorship in return for the provi-
ion of data or materials. Consistent with this idea, Von Hippel
1987) and Schrader (1991) observed that engineers who  shared
nformation informally expected some form of reciprocation from
he other party. Similarly, Haeussler (2011) compares information
haring among academic and industry-based scientists and finds
hat expected reciprocity is a more important driver of information
haring among industrial scientists.
We  also find that age has a negative effect on authorship and a
ositive effect on inventorship in academia, but no effects in indus-
ry. This difference may  reflect that career incentives to appear on

15 Using the academic subsample, we used a variable indicating whether the
espondent held a professorship as an alternative indicator of hierarchical status.

e  find no significant effect of this variable, suggesting that inventorship depends
ess  on formal status per se, but rather on the number of people who  are actually
ubordinated to a particular individual.
publications versus patents change over time for those employed
in academia (cf. Jensen and Pham, 2011; Levin and Stephan, 1991),
but remain relatively constant over time for those in industry.
Of course, our cross-sectional analysis does not allow us to sep-
arate age effects from potential cohort effects. Overall, we find only
minor differences in the drivers of authorship and inventorship
across sectors, consistent with arguments that industrial and aca-
demic science are more similar than often thought (Sauermann and
Stephan, 2012), and that the two sectors may  “converge”, especially
in the life sciences (Murray, 2010; Vallas and Kleinman, 2008).

In a fourth set of analyses, we draw on citation data to more
clearly distinguish the quantitative versus qualitative dimension
of scientific accomplishment. First, we  obtained from ISI Web  of
Science the total citation counts for the respondents in our sample.
A common problem with publication matching is that the search
by author name results in an overcount of output for authors with
common names (cf. Trajtenberg et al., 2006). To mitigate this prob-
lem, we excluded respondents with the 200 most common names,
reducing the sample to 892 cases. We  then computed a measure
of publication quality by dividing total citation counts by the total
number of publications (scientific accomplishment – quality). Table 7
shows key regressions using this quality measure in addition to the
previously used measure of publication counts. The results show

that the quantity of publications continues to have a positive coef-
ficient, while the measure of publication quality does not have a
significant effect. We also included an interaction between quan-
tity and quality but find no significant effect. Thus, the quality of
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ublications does not appear to be related to authorship or inven-
orship. One possible interpretation is that senior authors with high
uality publications may  be less likely to accept invitations to serve
s guest author out of a concern about the dilution of their quality
n the eyes of the scientific community. In contrast, authors focus-
ng on producing a high quantity of output (“mass producers” in
he terminology of Cole and Cole (1967))  may  more readily accept
or seek) guest authorship.16 While this interpretation is intrigu-
ng, these results should be considered highly preliminary since
he sample size is significantly reduced compared to our featured
nalysis and some name matching ambiguities are likely to remain.
owever, the results suggest the potential value of future work
sing separate indicators of quality and quantity.17

In a final set of analyses, we address the concern that our
urvey measures of contributions may  be affected by reporting
iases.18 While we do not have independent assessments of con-
ributions for our sample, we can compare basic patterns of
ontributions in our primary data set with patterns observed in

 second data set. For that purpose, we collected data from PLoS
iology, one of the leading peer reviewed journals in the life sci-
nces. PLoS Biology requires that all articles detail the particular
sets of) contributions made by each author. The journal pre-defines
he five categories “conceived and designed the experiments”,
performed the experiments”, “analyzed the data”, “contributed
eagents/materials/analysis tools”, and “wrote the paper”. While
ontributions are still reported by the authors, these reports should
e less affected by biases than survey measures because they are
fficial written statements and because they are likely to reflect
n agreed-upon assessment of contributions by the full team of
uthors. We  sampled 100 papers from the 2008 issue as well as
00 papers from the 2010 issue and coded the contributions made,
uthor position, as well as the total number of authors on the arti-
le. The median paper had 7 authors (1 first, 5 middle, 1 last). Using
hese data, we make two important observations. First, we find that
2% of last authors are listed as having conceived and designed
he experiment, compared to only 33% of middle authors and 90%
f first authors. On the other hand, last authors were much less
ikely to have performed the experiment (25% versus 59% for mid-
le authors and 98% for first authors). Assuming that last authors
end to be scientists with higher hierarchical position (Bhandari
t al., 2003; Kwok, 2005; Shulkin et al., 1993), the results are con-
istent with our findings regarding project contributions reported
n Table 5, i.e., that senior scientists indicate higher involvement in
dea generation and less involvement in laboratory work. As such,
his finding mitigates the concern that the observed strong rela-
ionship between social factors and conceptual contributions in our
ata is simply due to senior scientists’ overestimating their concep-
ual contributions. Second, we find that 52% of all PLoS authors are
isted as having “conceived and designed the experiments”, sug-
esting that 48% of authors did not make a conceptual contribution.

f the latter group, 62% had performed the experiment, 44% had
nalyzed the data, 34% had contributed reagents/materials/analysis
ools, and 14% had written the paper. This result is consistent with

16 This observation raises the possibility that prior scientific accomplishment may
lready reflect some of the very processes we investigate here. As such, while we
nterpret prior publication output as scientific accomplishment in a positive sense, it

ay  also partly reflect individual-level unobserved factors driving authorship such
s a general tendency to “push” oneself onto publications. Unfortunately, our data
o  not allow us to examine this possibility.
17 A recent trend towards using the H-index illustrates the scientific community’s
ecognition that both quality and quantity aspects should be considered (Hirsch,
005).  While the H-index parsimoniously captures a researcher’s accomplishments

n a single number, treating the quality and quantity dimensions separately provides
ore detailed insights for the purpose of our study.

18 We  thank an anonymous reviewer for suggesting this analysis.
ch Policy 42 (2013) 688– 703

our finding that authorship is strongly predicted by conceptual con-
tributions but may  also result from contributions in the form of
laboratory work or materials/data (Table 3). Overall, the analysis
of PLoS data reinforces our main findings and points to interest-
ing opportunities for future research combining survey data with
bibliometric data.

In addition to providing insights regarding the contributions of
individuals listed as authors, PLoS publications also provide insights
into contributions of individuals who  are not listed as authors. In
particular, most papers include a section that acknowledges the
help of other individuals and often details what specific type of
help was provided (see also Laudel, 2002; Oettl, 2012). While a
systematic analysis of these contributions is beyond the scope of
this paper, we  found that acknowledged contributions span a broad
range, including, for example, the critical reading of manuscripts,
providing materials or data, or helping with specialized research
equipment. As observed in our main analysis, some of these con-
tributions are also sometimes rewarded with authorship, raising
the question as to what level of a contribution is typically (or
should be) considered the “cutoff” for authorship versus less visible
acknowledgement. Our analysis of interactions between contrib-
utions and social factors (column 4 in Table 3) suggest that these
cutoffs may  not be universal but also depend on characteristics of
the contributing individual. Unfortunately, our primary data do not
include information on acknowledgements, while the PLoS data
do not include information on the levels of contributions made
by authors vs. individuals who are acknowledged. Future research
using data sources with both sets of information could fruitfully
examine the role of authorship versus acknowledgements as alter-
native reward mechanisms, tying them to different types and levels
of contributions as well as social factors.

5. Discussion and conclusion

A growing body of work has documented misconnects between
substantive contributions and authorship attribution, as reflected
in the terms “guest” and “ghost” authorship. Despite the increas-
ing attention to these issues in the scientific community, large
scale studies of the drivers of attribution are rare. We  comple-
ment the existing literature in several ways. First, while much of
the prior work has focused on authorship, we directly contrast the
predictors of authorship on papers and of inventorship on patents.
Second, our survey data allow us to measure various dimensions
of project contributions and to separate such contributions from
social factors such as scientists’ hierarchical position or scientific
accomplishments. As such, our approach improves upon prior work
that has used proxies of project contributions such as the order of
authorship on published papers. Finally, our detailed measures of
contributions and social factors allow us to examine not only the
main effects of these two  sets of factors, but also potential interac-
tions.

Our findings provide several insights. First, both authorship
and inventorship are strongly predicted by contributions of a
conceptual nature, in line with common authorship guidelines
and legal definitions of inventorship. However, authorship is also
related to contributions made in the form of technical/laboratory
work and the provision of materials and data. Second, we find that
prior scientific accomplishment strongly predicts authorship, even
controlling for the nature of a scientist’s contributions. This result
is consistent with the notion that junior scientists may  include
accomplished colleagues to build social relationships or to increase

the visibility of a paper. While the hierarchical position a scientist
holds within an organization does not predict authorship, it does
predict inventorship. The latter relationship is to some extent
explained by the fact that individuals in higher positions are more
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ikely to make conceptual contributions. Third, we  find interactions
etween project contributions and social factors; more specifically,
ontributions in the form of laboratory work are more likely to be
ewarded with authorship when made by accomplished scientists
r by those in higher hierarchical positions.

Taken together, our results suggest that authorship on publica-
ions reflects a heterogeneous set of factors including conceptual
ontributions but also other types of substantive contributions as
ell as social factors. Inventorship, on the other hand, is more

learly related to conceptual contributions, and social factors
ppear to play a more limited role.

These results have several implications. First, users of patent and
ublication measures (whether peers, administrators, managers, or
ocial scientists) need to be aware of the various factors that may
rive authorship and inventorship and should take those influences

nto account when interpreting and evaluating patent and publica-
ion output. In particular, studies using patents and publications as

easures of scientific performance need to consider that the same
ype of output (e.g., a publication) may  reflect very different types
nd levels of contributions on the part of individual co-authors.
hile a publication may  reflect creative performance for one co-

uthor, it may  reflect laboratory work for another. To the extent that
ocial status leads to “guest authorship”, studies using publications
s performance measure may  also systematically over-estimate the
erformance of accomplished scientists. Indeed, our findings of a
trong relationship between prior accomplishments and author-
hip, even controlling for substantive contributions, suggest that
ccomplished scientists may  benefit not only from a “Matthew
ffect” in the sense that they get disproportional credit once they
ppear as co-authors on a paper (Merton, 1973), but also in the
ense that they are more likely to be named as co-authors in the
rst place. Patent and publication measures have also been used
s proxies for constructs other than performance. For example,
n increasing number of studies rely on co-authorship and co-
nventorship patterns as measures of social networks or of the
omposition of research teams (Meyer and Bhattacharya, 2004;
ingh and Fleming, 2010). In the presence of “guests” and “ghosts”,
uch measures may  be noisy indicators of the individuals who actu-
lly contributed to a project. More importantly, our results suggest
hat the resulting measurement error may  be systematically related
o factors such as social status, which may  lead to biases if such
actors (or their correlates) are of substantive interest to a study.

While some of our results could be interpreted as reflect-
ng undesirable deviations from formal standards (implicit in the
se of the terms “guest” and “ghost”), they could also be inter-
reted as evidence that the current formal guidelines are limited in
heir ability to accommodate the complex nature of collaborative
esearch and the division of labor between project participants.
ither way, misconnects between guidelines and scientific practice
reate ambiguities regarding the interpretation of authorship and
nventorship. A promising approach towards improving the current
ystem is the idea of “contributorship”. Rennie et al. (1997, p. 583)
ropose to use the term “contributor” rather than “author”, where a
ontributor is a person who “has added usefully to the work”. Pub-
ications should also clearly identify the actual work that was  done
y each of the contributors. In addition to providing credit for spe-
ific contributions, this system would provide information about
ndividuals’ responsibility for particular tasks, which may  help in
ghting scientific misconduct and fraud (Deichmann and Muller-
ill, 1998; Lacetera and Zirulia, 2011). While some journals such as
ature, the Proceedings of the National Academy of Sciences, and
LoS Biology have moved in this direction, many journals – espe-

ially outside of the biomedical sciences – still rely on traditional
ttribution practices.

Several limitations of our study have to be kept in mind. First,
ollowing prior research on attribution (Ducor, 2000; Lissoni and
ch Policy 42 (2013) 688– 703 701

Montobbio, 2008), we  used patent–paper-pairs as a tool that
allowed us to directly contrast predictors of authorship and inven-
torship in the life sciences. It is not clear, however, to what extent
our findings generalize to projects that do not result in both patents
and papers. Moreover, it is not clear if our findings generalize to
other fields, which may  be characterized by a different organiza-
tion of research as well as different authorship and inventorship
practices (Cronin, 2005; Stokes and Hartley, 1989; Wuchty et al.,
2007). We  expect that general mechanisms hold across fields, but
future work is needed to validate our results in other contexts.
Indeed, future research could examine whether differences across
fields with respect to factors such as average team size or the basic
versus applied nature of research moderate the effects observed
in this study. Second, our measures of project contribution were
reported by the respondents themselves and may  suffer from a ten-
dency to overestimate one’s own contribution. We  do not expect
any such biases to systematically affect our correlational analyses
and we  showed in an auxiliary analysis that alternative meas-
ures of contributions from an independent data set support our
general findings. A related limitation is that we only observed a
limited set of contributions and are unable to assess the role of
other types of contributions that may also be seen by some scien-
tists as legitimate reasons for authorship or inventorship. Finally,
while more detailed than often-used bibliometric measures, our
measures provide limited insights into the specific mechanisms
that link social factors to authorship and inventorship decisions.
In particular, our conceptual discussion raised constructs such as
recognition and visibility in the scientific community as poten-
tial mediators between scientific accomplishment and attribution,
but a lack of measures prevented us from more clearly examining
these mediating mechanisms. Similarly, future research is needed
to examine the degree to which the positive relationship between
social factors and attribution reflects that junior scientists volun-
tarily include senior scientists to gain various types of benefits
versus senior scientists actively “pushing” to be included on patents
or papers.

Despite these limitations, our results provide novel insights into
the functioning of the current authorship and inventorship system.
As such, they may  be useful for scientists themselves, as well as
for administrators, policy makers, and social scientists who  rely
on patent and publication measures for a variety of purposes. Our
findings may  also be of use in efforts to improve the system for the
benefit of all parties involved.
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