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ABSTRACT

Using unique survey data from over 2,000 life st#s, we examine the extent to which dif-
ferent types of substantive project contributiosswaell as social factors predict whether a
scientist is named as author on a paper and inventa patent. We find that the predictors of
authorship differ from those of inventorship. A widange of project contributions may re-
sult in authorship, and social factors appear &y jal larger role in authorship decisions than
in inventorship decisions. We also find evidencat goroject contribution and social factors
interact in predicting authorship, suggesting thattwo sets of factors should be considered
jointly rather than seen as independent determsnahtttribution. In addition to providing
novel insights into the functioning of the authapsand inventorship system, our results have
important implications for managers, policy makemd innovation scholars who often rely
on patents and publications as measures of sdEmiesformance.
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INTRODUCTION

The increasing specialization of scientists, thterofisciplinary character of scientific
projects, and large resource requirements havedusaience into a highly social and collabo-
rative activity (Biagioli, 2003; Katz and Martin927; Laudel, 2002; Wuchty et al., 2007). As
a conseqguence, assessing what kind of contribulistesl authors and inventors have made to
a project is becoming more and more difficult. Marer, prior work suggests that authorship
and inventorship may not always reflect substantmatributions but may also be granted on
the basis of social factors such as scientific emie or hierarchical status in an organization
(Birnholtz, 2006; Drenth, 1998; Flanagin et al.9&89Mowatt et al., 2002; Rennie et al., 1997;
Zuckerman, 1968). Far from being isolated incidestgh “guest authorships” may be in-
volved in over 20% of papers in top biomedical jals (Flanagin et al., 1998; Wood, 2009).
Studies also provide evidence of “ghost authorship’, that individuals who have made im-
portant contributions are not included as authBtan@gin et al., 1998; Laudel, 2002). Dis-
crepancies between substantive contributions amithgton have also been suggested in the

realm of patents (cf. Lissoni and Montobbio, 200@Sherry, 2003; Seymore, 2006).

While prior work has documented the existence aattiibution and has tried to
guantify its prevalence (Ducor, 2000; Flanaginlgtl®98; Mowatt et al., 2002), a more gen-
eral understanding of the determinants of authprahd inventorship status is lacking. A key
challenge in empirical work is that systematic mfation on the types and levels of individu-
als’ contributions is often not available. The ordé authorship provides some insights into
relative contributions. However, the interpretatiohauthorship order is often ambiguous
(Bhandari et al., 2003; Zuckerman, 1968) and ituradly is of limited use in trying to under-
stand drivers of “ghost authorships”. Second, whil#istinction has been made between sub-

stantive contributions and social factors as ptedscof attribution, little attention has been
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paid to potential interactions between contribwti@md social factors. Finally, much of the
work on misattribution has been concerned with agad publications and little is known

regarding similarities and differences in the fastassociated with authorship on publications
versus inventorship on patents. In particular, mgeship may be defined more strictly, per-

haps leading to a stronger link between substactwéribution and inventorship attribution.

We complement prior work on the drivers of authgrsind inventorship using novel
survey data on life scientists working in Germanyg éhe UK. We use data on over 2,000
academic and industrial scientists who indicated they participated in projects that resulted
in both a paper and a patent (“patent-paper-pai¥®hile many scientists were listed on the
resulting patent as well as the paper, others weteWe relate authorship and inventorship
status to scientists’ types and levels of projectticbutions as well as to social factors. Since
the publication and the patent are tied to the sarogct, we are able to directly contrast the
determinants of authorship and inventorship colmglfor the nature of the underlying re-

search (cf. Ducor, 2000; Lissoni and Montobbio,&00

We find that substantive contributions as well asia factors significantly shape at-
tribution patterns. However, the drivers of authgrsare not the same as those of inventor-
ship. More specifically, inventorship appears tibet primarily substantive contributions in
the form of idea conception, while authorship mksp aeflect technical contributions and the
provision of data or materials. Controlling for stdntive contributions, prior scientific ac-
complishments strongly predict authorship but meentorship, perhaps because an eminent
co-author increases the chances of publicationvasidility of a paper. Hierarchical status
increases the likelihood of inventorship but notathorship. In addition to the independent

effects of substantive contributions and sociatdies; we find that the two sets of factors in-



teract in predicting authorship: technical conttibns are more likely to be rewarded with

authorship if the focal scientist has a higherrgdie or hierarchical status.

Our insights have important implications for instibnal mechanisms that rely on a
close link between substantive contributions aridbation. In the ideal “reward system of
science”, for example, publishing new knowledgedéeto peer recognition, which in turn
translates into additional benefits such as jolusgc(tenure), funding for future research, or
even opportunities to monetize knowledge via cdmsylor research collaborations with in-
dustry (Merton, 1973; Stephan, 2010b). Publicatiand the resulting indirect benefits thus
serve as incentives to invest effort into the geti@n of new knowledge. If the link between
substantive contributions and authorship is weakydver, this incentive mechanism is un-
dermined (Lane, 2010; Rennie et al., 1997). Moreosathorship reflects not only a reward,
but it also establishes responsibility and accduhty As such, authorship serves as a basis
of sanctions in cases of scientific misconduct, disdonnects between authorship and actual
involvement in a project may impede the communitgkility to enforce its norms
(Zuckerman, 1988). Similar implications arise i ttontext of the patent system. Inventors
who are listed in the patent document have the tiglprevent others from using the inven-
tion, and the resulting financial returns can seas an incentive for future research
(Scotchmer, 2006). Moreover, patents can be irgggdra sign of scientific productivity and
may help the inventor to gain recognition in th@fpssional community (Butkus, 2007,
Dasgupta and David, 1987). Thus, flaws in the assent of inventorship may directly affect
the distribution of financial returns as well a®fessional recognition. Moreover, in some
countries such as the United States, patents withventorship defect may be invalid or un-

enforceable (e.g., Section 35 U.S.C. 102 (f)).



Our results also have important implications fax troader community of social sci-
entists who rely on patents and publications tosuesaconstructs such as individuals’ inno-
vative performance (e.g., Levin and Stephan, 1$2liermann and Cohen, 2010), individu-
als’ movement across organizations or regions,(Agarwal et al., 2009; Marx et al., 2009),
or the composition of research teams (e.g., Bikard Murray, 2011; Singh and Fleming,
2010). In such studies, guest or ghost authordrpsikely to increase measurement error and
may lead to systematic biases if they are relateother variables of interest such as social

status, network position, or past performance.
PROJECT CONTRIBUTIONS AND SOCIAL FACTORS AS DRIVERS OF ATTRIBUTION
Project Contributions

There is no generally accepted definition that g@sca minimum quantitative and
qualitative level of contribution as a conditiorr foeing attributed authorship on scientific
papers (Davidoff, 2000). However, the editors aignificant number of biomedical journals
have formed the ‘International Committee of Medidalrnal Editors (ICMJE)’, which has
recommended specific criteria for authorship. Adoog to these guidelines, there are three

essential requirements for authorship attributioa journal with peer review (ICMJE, 2010):

“Authorship credit should be based on 1) substdrd@ntributions to conception and
design, acquisition of data, or analysis and intetption of data; 2) drafting the arti-
cle or revising it critically for important intellgtual content; and 3) final approval of
the version to be published. Authors should meeditions 1, 2, and 3.”

However, even these guidelines are not free ofiguntlp. Ducor’s (2000) interpreta-
tion of these regulations is that the guidelinepine that each author make a substantial con-
tribution to the conception and design of a redegroject. Lissoni and Montobbio (2008), on
the other hand, argue that the ICMJE guidelinesnafor a high degree of heterogeneity in
the contributions of authors. A closer look at Warding shows that the ambiguity arises due

to the conjunction ‘or’ in (1) and (2). According this more flexible interpretation, a concep-
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tual contribution is not necessarily required atfteo types of contributions may also justifi-

ably result in authorship.

In contrast to the relatively ambiguous criteria &thorship, inventorship is a legal
concept and is defined somewhat more clearly. énUBA, a person should be attributed in-
ventorship on a patent if he or she has contribtgegtie conception of the invention (Section
35 of U.S.C 102(f)). A patent with an inventorskigfect is invalid or unenforceable. In Ger-
many, like in many other European countries, thereo legal text that provides a specific
definition of the term inventor (86 PatG). Howevieris possible to make the following ap-
proximation of “inventorship” from the European &aitt Convention: “An invention shall be
considered as involving an inventive step if, hguwiagard to the state of the art, it is not ob-
vious to a person skilled in the art” (Art. 56 Epean Patent Convention EPC 2000). Conse-
quently, fulfilling the criterion of inventorshipmplies a creative and constructive effort.
Based on the above discussion, we predict thatlélgeee to which an individual has made a
conceptual contribution to a project significanithgreases the likelihood that the individual
will be listed as an author on any resulting pap&id as an inventor on any resulting patents.
Contributions of a non-conceptual nature, e.g.tineuechnical work or the provision of data
and materials may increase the likelihood of indoss an author but should not lead to the
inclusion as an inventor. Figure 1 summarizes tiegliptions made in this and the following

sections.
Social Factors

As discussed earlier, the criteria for authorsmg,ao a lesser extent, inventorship,
leave room for interpretation. Moreover, even ifezta have been established — as in the case

of the ICMJE - they are often ignored (Bates et2004; Hwang et al., 2003; Stokes and



Hartley, 1989). To the extent that authorship anentorship do not reflect substantive con-

tributions, they may reflect various social factors

First, individuals in higher hierarchical positio(e.g., laboratory heads) may be in-
cluded as co-authors by their subordinates bedhusattribution creates a good relationship
with the supervisor or might even “... be a mattercofhvention” (Shulkin et al., 1993, p.
688). It expresses respect and gratitude, strengttiee supervising efforts, and signals the
laboratory head’s approval of the content of thpepgOwen-Smith, 2001). Consistent with
this notion, Tarnow (1999) and Claxton (2005) régdastances of guest authorships that
served the purpose of maintaining social ties oac€nowledging senior researchers who
provided laboratory space or financial support.k8soand Hartley (1989) as well as Ward
(1994) report that in some institutions, the sesmentist in a laboratory is always listed as a
co-author on all publications, whereby it does maitter if he or she has made a significant
contribution. While these arguments suggest thaibjuauthors may sometimes decide to
“give” guest authorship to superiors, Zuckermai'@68) work suggests that authorship deci-
sions are often delegated to senior investigatans, base their judgment on both contribution

and seniority, i.e., may in some cases “take” gaa#torship.

Second, authorship attribution may also be a fonctf scientific accomplishment
and status in the scientific community — as distfirmm the hierarchical position in a particu-
lar organization. Listing a highly respected sasndn the by-line may increase the chances
that an article is published, e.g., because edamranore willing to work with accomplished
scientists and have a greater trust in their gbibt address reviewers’ concerns (Biagioli,
2003; Davidoff, 2000). High-status co-authors mksp ancrease the visibility of a paper once
published because other scientists use author names signal of quality when deciding

which papers to read (cf. Simcoe and Waguespackl)2@t the same time, accomplished



co-authors may capture a particularly large shatbeopeer recognition, an effect commonly
known as “Matthew effect” (Merton, 1973). The Maheffect may offset some of the bene-
fits of including senior authors from the juniortiaors’ perspective, and Zuckerman (1968)
reports that senior scientists sometimes choos&ragipear as co-authors to ensure that their
junior colleagues receive proper credit (a ratierdlaracterized as “noblesse oblige”). More-
over, while accomplished scientists may have agrast in further increasing their reputation
by appearing as “guest authors” on publicationsy ttun the risk of diluting their reputation

if these publications turn out to be of low quali@wen-Smith, 2001). While it is not clear ex
ante how strong these potentially offsetting effesnte empirically, we predict a positive net
effect of status in the scientific community onkaarship attribution, controlling for the focal

scientist’s substantive contributions.

Even though much of the prior evidence on the oblsocial factors relates to the at-
tribution of authorship on publications, they magoaplay a role in the context of inventor-
ship on patents. For example, Seymore (2006) repat senior scientist are often the ones
who decide whose name appears on the inventorwisth might result in seniors being
overrepresented. Similarly, individuals in higheerhrchical positions may be included as
inventors to facilitate internal reviews and apm@isvof patent applications. In a recent study,
Lissoni and Montobbio (2008) find that the senipof an author is positively correlated with
the probability that he or she is also listed ol ¢brresponding patent in a patent-paper-pair.
Despite this evidence that social factors may enrflte inventorship decisions, we expect that
social factors play less of a role in the attribotiof inventorship than in the attribution of
authorship. One reason is that the criteria foemarship are more clearly defined on the
basis of a conceptual contribution, thus leavirgs latitude to assign inventorship based on
social criteria. Moreover, assigning guest inveshgr may come at a considerable economic

cost to those who made a substantive contributemalise income from a patent typically has
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to be shared with all listed inventors (Harhoff athoisl, 2007). Finally, it is unlikely that the
above-mentioned benefits of including a seniorathor apply as strongly in the case of a
senior comventor. For example, patent applications are reviewedgqieers but by officials
at patent offices who may be less responsive toirthentor’'s status within the scientific
community. Similarly, while senior co-authors magrease the visibility of a published pa-
per, the financial value of a patent depends lesgsovisibility in the scientific community,

thus reducing the benefits that can be gained frmhoding an accomplished co-inventor.

It is important to note that mere correlations lesw social factors such as status in
the scientific community and authorship or inveahip do not necessarily imply causal ef-
fects, i.e., they do not imply that high-statusiwidlials appear on patents or papeesause
of their status per se. Scholars of science havg &wgued that social status is positively re-
lated with ability and scientific productivity, wheby the causality may run in both directions
(Cole and Cole, 1967; Fox, 1983; Simcoe and Wagas®011). Thus, high-status scien-
tists may be more likely to appear on papers noalbse they receive (or take) “guest author-
ship” but because they tend to make more imporahstantive contributions. In particular,
high-status scientists may be more likely to previlde initial conceptual idea for a project
while junior scientists carry out much of the ladtory work (Seymore, 2006). Even though
conceptual contributions may take less time thaorkaory work or other types of contribu-
tions, they are often seen as the most importg# of contribution and should legitimately
result in authorship and inventorship (see our udison of authorship and inventorship
guidelines above). Thus, the empirical challeng® isroperly account for differences in the
nature of contributions when assessing the inflaevfcvarious social factors on authorship
and inventorship. Before we turn to our empiriaadlgsis, however, we consider the possibil-
ity that the effects of substantive contributiomsl &ocial factors are not simply additive, but

that these factors interact in more complex ways.



Interactions between Substantive Contributions andsocial Factors

Substantive contributions and social factors apacally considered as independent
(and competing) influences on authorship or investtip. We suggest that these two sets of
factors may also interact in determining attribntigVith respect to authorship, we conjecture
that contributing a certain amount of time or dffiar a project is more likely to result in au-
thorship for a scientist with a high hierarchicalsption than for a low-status scientist. Our
rationale is that, if junior-level project contriious desire to include senior scientists for rea-
sons as those discussed above, then even a riglaiaall contribution by the senior scien-
tists may provide a sufficient justification. Sianily, if it is the senior scientist who seeks to
become an author, a relatively small level of dbation may provide sufficient grounds to
do so. In contrast, the same level of substantiveribution by a junior scientist will increase
her chances of authorship less strongly. A sinhdgic may apply to status based on scientific
accomplishment, i.e., a given level of substantiwetribution may have a stronger effect on

authorship if made by a highly accomplished sce&nti

Our predictions regarding interaction effects agsliclear in the case of patents. As
argued above, the main effects of social factoedikely to be more muted because the crite-
ria for inventorship tend to be more clearly defitlkean those for authorship. Some ambiguity
remains, however, and extending “guest inventofstopndividuals in a higher hierarchical
position may have certain benefits. In that cagenemall levels of substantive contributions
may provide a useful justification to do so, agsirggesting a positive interaction between
hierarchical status and (conceptual) contributlarcontrast, we predicted no significant ben-
efits of including scientists with a high statughe scientific community as inventors and we
also do not expect an interaction between substantntributions and status in the scientific

community in predicting inventorship. Figure 1 suaripes our predictions.
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DATA AND MEASURES
Sample and Identification of Patent-Paper-Pairs

Our empirical analysis draws on data from a suagyinistered in 2007 to a sample
of German and British life scientists. We identifipotential respondents in two ways. First,
we sampled life scientists that are listed betw2@d2 and 2005 as authors in PubMed, the
most prominent database of life scientific and roaldabstracts. Nine thousand seventy four
German scientists were identified along with 8, B3fiish scientists who had published an
article in the above timeframe in search categamdeted to the life sciences. Second, we
sampled all inventors who had filed patents witb §ciences IPC codes with the European
Patent Office between 2002 and 2005, resulting26® German and 4,196 British inventors.
We invited these scientists to participate in afinensurvey, contacting them using email
addresses provided on the publications and podthkases from the patent application doc-

uments. We sent two follow-up reminders to non-oesients asking for their participation.

A total of 2,169 scientists identified through Pubd/iand 2,452 identified through the
European Patent Database responded. This transitdes response rate of 13% of publish-
ing scientists and 20% of inventors. The searchegmates used for identifying scientists in the
two databases were quite broad, however, and digcusith experts and a telephone survey
of a random sample of non-respondents revealedati@mit 30% of authors and about 25% of
the inventors captured in the original sample wese actually involved in life science re-
search. Thus, these individuals were ineligibletfa survey, which was explicitly addressed
to life scientists. Adjusting for the percentagepebple who were not involved in the life sci-
ences, the resulting response rate was 17% foacisnéxtracted from publications and 26%
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for contacts extracted from patents. To assesfat@on-response bias, we tested whether
the answers to our key variables differ signifibattetween early respondents and late re-
spondents (i.e., the first 10% versus the last D@%espondents) (Armstrong and Overton,
1977; Rogelberg and Stanton, 2007). We find noifsogmt differences between the sub-

samples, mitigating concerns about non-response bia

Since we are interested in directly comparing tredigtors of authorship and inven-
torship, we rely on “patent-paper-pairs” as an emgi tool. Patent-paper-pairs are patents
and papers that result from the same project,the.knowledge resulting from the project is
“inscribed in both a patent and a paper” (Murrad02, p. 1389). Given that the paper and the
patent resulted from the same project, projectasttaristics as well as the contributions of
individual scientists are essentially the samesxtbe two types of output. Due to this desir-
able property, patent-paper-pairs have been usgdion work on scientific attribution. For
example, Ducor (2000) performed a manual searctiatdbases for proteins with specific
genetic or aminoacid sequences. He identified 48npgaper-pairs and showed that the au-
thors on the papers do not always match the invemo the corresponding patents, providing
first evidence that authorship and inventorship rmnaydriven by different processes. Lissoni
and Montobbio (2008) used text-mining techniquesédch publications to patents of Italian
academic inventors and again show differencesem#dmes appearing on patents versus the

names that appear on the associated papers.

Prior work has identified patent-paper-pairs prigarsing co-word analysis of publi-
cation and patent records (Ducor, 2000; Lissoni Etwhtobbio, 2008; Murray and Stern,
2007). This approach essentially identifies patanit$ papers that are very similar in content
and are thus likely to have resulted from the sprogect. Our survey approach allowed us to

identify patent-paper-pairs in a more direct waye ¥sked respondents “If you think about
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your past projects, has there been a project wigishlted in both a patent filed and an article
in a peer-reviewed scientific journal?”. Forty-eigiercent of the respondents stated that they
had been involved in such a project, resulting isample of 2,191 scientists for our main
analysis. Thus, patent-paper-pairs were a rathemwmn phenomenon in our sample, con-
sistent with the notion that the life sciencesdraracterized by an overlap between basic and
applied research, and by a frequent use of multligelosure mechanisms (Gans et al., 2010;
Sauermann and Stephan, 2010; Stokes, 1997; Valth&lginman, 2008). At the same time,
it has to be kept in mind that we explicitly santpiedividuals who were active publishers or
active patentees. While our results should apphkesearch active scientists, especially those
who are involved in projects that result in patpaper-pairs, we are cautious in generalizing
our results beyond these boundaries. A key advanbhgur empirical strategy over prior
work using bibliometric measures is that we cam@ra not only one type of attribution but
can directly compare potential drivers of both meeship and authorship. Moreover, our
survey data allow us to obtain measures of diffetgpes of project contributions and of so-

cial factors that are difficult to obtain from pateind publication records.
Measures

Table 1 provides summary statistics for key vagabl

Authorship and inventorship

We asked respondents if they were named as authtbregpublication and as inventor

on the patent resulting from the focal researcheptd Ninety-five percent of the scientists

! Some of our observations included missing datapping those observation (i.e., listwise deletiomay result
in sample-selection biases if data are not missamgpletely at random (MCAR) and also reduces sizdis
power (Fichman and Cummings, 2003; King et al.,13000 address these issues, we imputed missiig dat
using conditional mean imputation. Robustness cheskng listwise deletion show very similar results
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are listed as author on the papautborship=1) and ninety-two percent are listed as inventor
on the patentifventorshig1). Eighty-nine percent of the scientists weréetison both the
patent and the paper. The rate of authorship rsfgigntly higher than that of inventorship,
consistent with prior work showing that the numbg&ruthors on papers tends to be higher
than the number of inventors on patents (Ducor02Q@ssoni and Montobbio, 2008). It is
also consistent with the notion that the criteaaihventorship are more strictly defined than
those for authorship. At the same time, the ratmegntorship is quite similar to that of au-
thorship in an absolute sense, perhaps reflechiagrespondents tended to focus on patent-
paper-pair projects where they personally weredisin both the patent and the paper, rather
than those projects where they were listed onqust of the resulting outputs. To the extent
that this mechanism operated, our sample may utadierthe incidence of cases where indi-
viduals have made significant contributions but o€ listed on the resulting output. Thus,
we limit our examination of ghost authorship andeintorship to an auxiliary analysis (Sec-
tion 4.2). Our main analysis focuses on the fadtoas lead scientists to be listed as authors or

inventors, including potential cases of “guestrauship and inventorship.

Project contributions

We asked respondents to indicate the level of §vaject contributions along three
distinct dimensions, using rating scales rangiognfrl (disagree strongly) to 5 (agree strong-
ly). The variableconception/ideaneasures the extent to which the respondents dwaethey
have contributed to the inventive idea of the pbpnd shows a mean of 3.81. The variable
laboratory workmeasures the extent to which the respondentsedaotit the important tech-
nical steps or laboratory work required for thejpco(mean 3.16). Finally, the variabteate-

rial/data measures the extent to which the respondentsilooted important material or data.

2 If more than one publication or more than one matesulted from the project, we asked the respatsde
refer to the most important publication or patenthieir answer.
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Table 2 shows that the measures of project corioibsi are only moderately correlat-
ed; the correlation betwedaboratory workand material/datais 0.43, and the correlations
betweenconception/ideaand the other two types of contributions are belofv These rela-
tively low correlations signal discriminant valigitas intended, our measures of project con-
tributions are likely to capture different dimenssoof project contribution rather than reflect-
ing some overall level of contribution or commonthweels bias (cf. Pedhazur and Schmelkin,
1991; Podsakoff et al., 2003). In addition, theseatations suggest that some scientists tend
to make primarily conceptual contributions, whildhers tend to make contributions in the
form of both material/data and laboratory work. Wil examine predictors of the type of

contribution in auxiliary analyses.

A potential concern with self-reports of projechtdbutions is that individuals may
overestimate their importance in teams (JohnsonQ@uéich, 2002; Van den Steen, 2004).
While overall levels of reported contributions slibbe interpreted with caution, we do not
expect such reporting biases to be systematicelatad to other key dependent or independ-
ent variables. Moreover, we find that the measafe®ntributions have very different effects
on the outcomes of interest, suggesting that a camm@porting bias is unlikely the underly-
ing driver of our results. However, respondentsidency to inflate their own contributions
may reduce the variation in our measures of prajeantributions, potentially leading to con-
servative estimates of the effects of these vamlDespite its limitations, our approach pro-
vides important complementary insights to otherrapphes. In particular, an alternative ap-
proach relies on the order of authorship to idgntiflividuals’ types and levels of contribu-
tions (e.g., Lissoni and Montobbio, 2008). This raggh is based on certain assumptions re-
garding the order of authorship, e.g., that th& fauthor is the junior scientist who has made
the greatest contribution to the project, wherbaddst author is the head of the research team

who supervised the project. The validity of thessumptions is debated in the literature
15



(Bhandari et al., 2003; Zuckerman, 1968). More intgaly, the drawback of that approach is
that authorship order is likely to simultaneousflect social status and project contributions

and may thus provide little insight into the relatrole of these two factors.
Social Factors

Our conceptual discussion distinguished two typesoaial factors: (1) hierarchical
position within an organization and (2) statusha scientific community. As a proxy for the
former, we use the number of individuals direcparting to the focal scientist. The variable
hierarchical positionequals one if no employee is directly reportinghe respondent, two if
1 to 3 employees report, three if 4 to 7 employeesrt, four if 8 to 15 employees report and

five if more than 15 employees report to the resieoi.

We do not have a direct measure of status in tleatsiic community. However, we
suggest that a measure of scientific accomplishreaoh as the number of peer-reviewed
publications can serve as a useful proxy. Theeel@gg line of literature suggesting that pub-
lications lead to peer recognition and status engbientific community; indeed, the positive
effect of publications on status and recognitiothis key incentive mechanism in the institu-
tion of science (Cole and Cole, 1967; Merton, 1%St&phan, 2010b). The positive correla-
tion between scientific accomplishments and statag be further increased due to “cumula-
tive advantage”, e.g., if status provides accesesources for research and thus facilitates
future performance (Arora et al., 1998; DiPrete &mich, 2006; Merton, 1973). Assuming
that publications and status in the scientific camity have a significant positive correlation,
we use respondents’ self-reported total numbereafrjpeviewed publications as proxy for

status in the scientific community. The averagerstst in our sample has 47 publications,
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with a median of 25. Given the considerable skewudilication output, we use the natural

log in our empirical analysis¢ientific accomplishment

Table 2 shows that scientific accomplishment amtanchical position are correlated
positively (0.27, p<0.01), consistent with the idbat scientific accomplishment is an im-
portant predictor of career advancement. Howeaensific accomplishment does not guar-
antee a higher hierarchical position, especiallyhi life sciences where labor markets are
characterized by a large supply of qualified segat(Stephan, 2010a; Vallas and Kleinman,
2008). We interpret the medium (rather than highyedation betweeihierarchical position
andscientific accomplishmerats evidence of discriminant validity, i.e., thag¢ two measures

capture distinct constructs and can be examinegé@erate predictors of attribution.

Control Variables

We include additional variables to control for chaeristics of the research project as

well as of scientists and their employing organares.

Teamsizendicates the number of researchers involvederfdical research project.
We conjecture that the contributions an individuakes to a project may decrease with the
size of the team, potentially reducing the likebdaof authorship and inventorship. The aver-

age team size is 6.19. Since this measure is skeweedse the natural log in our regressions.

We include the variabléo foreign lab membert control for the possibility that at-
tribution patterns depend on the composition ofrdsearch team in terms of nationality. The

average respondent worked in a team with 20% fongigmbers.

To control for potentially different roles of paterand publications across institutional

environments (Haeussler and Colyvas, 2011), wedasispondents how important they

% To assess the validity of self-reported publicatounts, we collected independent publication fata ran-
dom subsample of thirty scientists using PubMed.fW&a correlation of 0.84 between the two measure
creasing our confidence in the self-reported measur

17



thought patents and publications are to gain egfmurt among their peers. Both measures
(reputation from patentandreputation from publicationgespectively) are measured on 5-
scales ranging from 1 (not important) to 5 (extrgnmaportant). On average, publications are
rated as more important (3.58) than patents (2M8&) surprisingly, the importance of publi-
cations is rated significantly higher in academihile the importance of patents is rated sig-
nificantly higher in industry (Table 2). We expéaat individuals for whom patents and pub-
lications are more important are more likely tashsn inventorship/authorship and are thus

more likely to be listed as inventors or authors.

We include the variablagein orderto control for possible age effects. The average
age is 46 yeardMale is an indicator variable equal to one if the resfent is male. Eighty-

five percent of our respondents are male.

Firm is an indicator variable that is equal to ondd scientist is full time employed in
a firm and equal to zero if the scientist is futhé employed at a university or a non-
university public research organization (e.g., NMdanck in Germany, Wellcome Trust in the
UK). We include this variable to account for thesgibility that firm scientists are generally
more likely to appear on a patent than academigs|ess likely to appear on publications
(Ducor, 2000; Rennie et al., 1997; Sauermann aegh@n, 2010). In our sample, 47% of
respondents work in industry. We report regressgaparately for industry and academia as
an auxiliary analysis; given that we find few difaces across sectors, our main analysis fea-
tures regressions using the pooled sample.

Finally, UK is an indicator variable that is equal to onén@ scientist is employed in
the UK (18%) and equal to zero if the scientistngployed in Germany (82%). This variable
captures any existing systematic differences aaosstries, including potentially different

roles of patents and publications in the sciensfistem.
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MULTIVARIATE ANALYSIS
Main Analysis

Table 3 provides the results for the determinahtauthorship and inventorship. We
estimate these regressions using a bivariate pmodoiel because our two dependent variables
are observed for the same individuals and the ¢erans may be correlated across equations

(Wooldridge, 2001).

Model 1 regresses authorship and inventorship atralovariables and the three types
of project contribution. Conceptual contributiong atrongly linked to both authorship and
inventorship; we observe no significant relatiopsbietweenlaboratory wok or materi-
als/dataand attribution. Model 2 includes the controlsaadl as social factorddierarchical
position has a significant positive effect on inventorshig not on authorship. In contrast,
scientific accomplishmeritas a positive effect on authorship but not ineesitip. As dis-
cussed earlier, positive coefficients loerarchical positionand scientific accomplishment
may reflect “guest authorships” due to status pebst they may also reflect that high-status
individuals make more important substantive contidns to the focal project. In an attempt
to separate the two mechanisms, model 3 includemtasures of contributions in addition to
the measures of status. We observe that the pogtfect of hierarchical position on inven-
torship is reduced once we include contributionggesting that some of this relationship is
due to the fact that scientists in a higher hidriaad position (e.g., lab leaders) are more likely

to make a strong conceptual contribution. Contglifor contributions does not noticeably
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change the effect of scientific accomplishment atharship, suggesting that status in the
scientific community may indeed increase authorsttipbution, even controlling for the na-
ture of an individual’s contribution. Model 3 alshows that contributions in the form of ma-

terial/data have a positive effect on authorshipeostatus measures are included.

Finally, we suggested that substantive contribgtiand social status may interact in
predicting authorship and, to a smaller extentemorship. To examine this possibility, we
include in model 4 the interactions between these af variables. Two significant interaction
terms emerge in the authorship regression. Moreifsgadly, the results indicate that the im-
pact of laboratory work on authorship is strongerdcientists in higher hierarchical positions
and for individuals with higher status in the st community. These positive interactions
are in line with our conceptual discussion suggestinat even small substantive contributions
may provide sufficient justification to gain autBbip for scientists with high social status but
less so for scientists with low-social status. dntcast, neither hierarchical position nor scien-

tific accomplishments moderate the effects of pog@ntributions on inventorship.

Before we turn to auxiliary analyses to providether insights, we briefly comment
on some control variables. First, older scientssts less likely to appear as co-authors once
we control for hierarchical position and scientiiccomplishment. A potential interpretation
is that older scientists have a shorter careezbonrand are therefore less eager to appear on
the publication than scientists at the beginninghafir careers (Levin and Stephan, 1991).
However, due to the cross-sectional nature of ata,dve cannot disentangle age effects from
potential cohort effects, e.g., older scientistg/rhave been socialized into different norms
regarding authorship than their younger colleaguWéschty et al., 2007). Second, firm scien-
tists are more likely to be listed as co-inventessen controlling for social factors and project

contributions. While firm scientists are also Ié&gly to be listed on the paper, that effect
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disappears once we control for social factors. ¥p®rt separate regressions for industrial and
academic scientists below as an auxiliary analykestly, we do not find any authorship or
inventorship differences between scientists workmghe UK versus Germany, or between

female and male scientists.
Auxiliary Analyses

Since our main analysis focuses on authorship anentorship as dependent varia-
bles, it provides only limited insights into “ghcstithorship”, i.e., cases where scientists are
not included on the by-line even though they have magmrtant contributions. To explore
this issue, we coded two new dummy variables irisigawhether a scientist was omitted
from the list of authors (om-author=1) and from lisé of inventors (om-inventor=1), condi-
tional upon having made a strong or very strongceptual contributiondonception/idea
score of 4 or 5). Table 4 shows the results of i@ probit regressions using the smaller
sample of scientists who have made strong concepbumdributions and using the indicators
of omission as dependent variables. We find thditviduals with higher prior scientific ac-
complishment are less likely to be omitted from Imattions. Thus, it appears that prior ac-
complishment increases authorship attribution mbg because it may result in “guest author-
ships” but also because it reduces “ghost authpsshiHierarchical position has a small nega-
tive effect on omission from patents but this effeecomes insignificant once we control for
contributions. Interestingly, the degree to whicktemts matter for reputation among peers

(reputation from patenjss negatively related to omission from inventgpsi hus, it appears

* The error terms of the authorship and inventorshjpations have a positive correlation (estimatéofin
table 3). Thus, controlling for the variables iradal in our various models, scientists who are rtikedy to be
listed as authors are also more likely to be listeéhventors. While we cannot further explore \Wwhibaracter-
istics of scientists lead them to be more likelpppear as co-authors and co-inventors, the absérceegative
correlation provides no evidence of trade-offshia sense that scientists who want to appear asrautb not
like to appear as inventors, or that team-membetematically “trade” inventorship against auth@osh
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that scientists who have made significant contrdmng and for whom patenting is important

insist more strongly on inventorship to avoid besantfghost-inventors”.

In a second set of unreported auxiliary regressiamesexamine how project contribu-
tions are related to social factors. Towards thmat, @ve now regress the three contribution
measures ohierarchical positionandscientific accomplishmeras well as control variables
(table 5). Consistent with our expectation, we fihdt scientists in higher hierarchical posi-
tions are more likely to make significant conceptoantributions, but less likely to make
strong contributions in the form of technical/ladkmry work or by providing data or materi-
als. Prior scientific accomplishments are positivatsociated with conceptual contribution
and negatively associated with laboratory workrmitwith contributing data or materials. In
conjunction with our main results, these resuligpsut the notion thatierarchical positions
associated with inventorship partly because higi&tus individuals tend to make stronger
conceptual contributions, i.e., conceptual contrdms mediate the relationship between hier-
archical position and attribution (cf. Baron andnkg, 1986). In contrast, whilscientific
accomplishmentlso predicts stronger conceptual contributiohgs fact does not explain
why highly accomplished scientists are more likilybe included as co-authors on papers
(the coefficient of scientific accomplishment chaddittle once contributions were included

in the main regressions reported in table 3).

Finally, we entertain the possibility that the @nis of authorship and inventorship at-
tribution differ between scientists working in irelty and those working in academia. For
this purpose, we split the sample and estimateré&gsessions using the subsamples of indus-
trial and academic scientists, respectively (t&)leMost of our key results hold across sec-
tors, including the positive relationship betwe@maeptual contributions and both types of

attribution as well as the positive relationshipsieen scientific accomplishment and author-
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ship, and between hierarchical position and inveship. One notable difference is that con-
tributions in the form of material are associatethvauthorship in industry but not in academ-
ia. One possible interpretation is that firm sasstsubscribe more strongly to norms of ex-
change, thus expecting authorship in return forpifeevision of data or materials. Consistent
with this idea, von Hippel (1987) and Schrader ()98bserved that engineers who shared
information informally expected some form of recpation from the other party. Similarly,

Haeussler (2011) compares information sharing anemaglemic and industry-based scien-
tists and finds that expected reciprocity is a mionportant driver of information sharing

among industrial scientists.

We also find that age has a negative effect onoasitiip and a positive effect on in-
ventorship in academia, but no effects in industilyis difference may reflect that career in-
centives to appear on publications versus patdrasge over time for those employed in aca-
demia (cf. Jensen and Pham, 2011; Levin and Stel®®1), but remain relatively constant
over time for those in industry. Of course, ourssrgectional analysis does not allow us to
separate age effects from potential cohort effé@tsrall, we find only minor differences in
the drivers of authorship and inventorship acresgass, consistent with arguments that in-
dustrial and academic science are more similar diam thought (Sauermann and Stephan,
2010), and that the two sectors may further “cogeér especially in the life sciences

(Murray, 2010; Vallas and Kleinman, 2008).
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DiscussIiON AND CONCLUSION

An increasing number of studies provide anecdotmlemce of misconnects between
substantive contributions and authorship. Similasesvations have been made in the context
of patenting. Despite the increasing attentiorh&seé issues in the scientific community, large
scale studies of the drivers of attribution areerdVe complement the existing literature in
several ways. First, while much of the prior workshfocused on authorship, we directly
compare the drivers of authorship on papers andventorship on patents. Second, our sur-
vey-based study allows us to directly measure uardimensions of project contributions and
to separate such contributions from scientistsiad@tatus. Our approach improves upon pri-
or work that has used proxies of project contritmsgi such as the order of authorship on pub-
lished papers. Finally, our detailed measures otrdmutions and social status allow us to
examine not only the main effects of these two eétfsctors, but also potential interaction
effects, i.e., whether a given level of project teilrution has different effects on attribution

depending on a scientist’s social status.

Our findings provide several insights. First, bahthorship and inventorship are
strongly predicted by contributions of a conceptoalure, in line with common authorship
guidelines and legal definitions of inventorshipweéver, authorship is also related to contri-
butions made in the form of technical/laboratorykvand the provision of materials and data.
Second, we find that prior scientific accomplishinerour proxy for status in the scientific
community - strongly predicts authorship, even oahig for the nature of a scientist’s con-
tributions. This result is consistent with the patithat junior scientists may include accom-
plished colleagues to build social relationshipgammcrease the visibility of a paper. Even
though the hierarchical position a scientist haldifin an organization does not predict au-

thorship, it does predict inventorship. The lat@ationship is to some extent explained by
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the fact that individuals in higher positions arermlikely to make conceptual contributions;
however, it may additionally reflect that co-inverghip by supervisors facilitates the internal
processes required for filing a patent applicabothat supervisors make other types of con-
tributions that are not captured in our data. Thivd find interactions between project contri-
bution and social status; more specifically, cdnttions in the form of laboratory work are

more likely to be rewarded with authorship when enbg accomplished scientists.

Taken together, our results suggest that authoshipublications reflects a heteroge-
neous set of factors including conceptual contrdms but also other types of contributions as
well as social factors. Inventorship, on the othand, is more clearly related to conceptual

contributions, and social factors appear to playoae limited role.

These results have several implications. Firsy grevide further evidence that inven-
torship and especially authorship may reflect défe types of substantive contributions as
well as social factors. Users of patent and putdboameasures (whether peers, administra-
tors, managers, or social scientists) need to lseanf the various factors that may drive au-
thorship and inventorship and should take thoskientes into account in interpreting and
evaluating patent and publication output. Our tssoday be particularly important for social
scientists. Studies using patents and publicatesnmeasures of scientific performance need
to consider that the same type of output (e.guyldigation) may reflect very different types
and levels of contributions on the part of indiatleo-authors. While a publication may re-
flect creative performance for one co-author, itymeflect laboratory work for another. To
the extent that social status leads to “guest asitiyg’, studies using publications as perfor-
mance measure may also systematically over-estithatperformance of accomplished sci-

entists® Thus, it is conceivable that the decrease in “tperformance in later stages of a

® Interestingly, our findings of a strong relatioigshetween prior accomplishments and authorshien eon-
trolling for substantive contributions, suggest thecomplished scientists may benefit not only fepfMatthew

25



scientist’s life cycle is even larger than estindatsing publications as measure of scientific
productivity (cf. Levin and Stephan, 1991). Patantl publication measures have also been
used as proxies for constructs other than perfoceafor example, an increasing number of
studies rely on co-authorship and co-inventorslaftgons as measures of social networks or
of the composition of research teams (Meyer andttBblaarya, 2004; Singh and Fleming,
2010). In the presence of “guest authorship” anub%y authorship”, such measures may be
noisy indicators of the individuals who actuallynt@buted to a project. More importantly,
our results suggest that the resulting measurearemt may be systematically related to fac-
tors such as social status, which may lead to bidsich factors (or their correlates) are of

substantive interest to a study.

While our discussion of “guest” and “ghost” authopsused the existing authorship
and inventorship guidelines as the standard agaihgth practices were compared, this ap-
proach does not reflect the view that current dinde are perfect and deviations from these
guidelines are unethical. Rather, the goal of mapiecal analysis was to examine the drivers
of authorship and inventorship and to assess hollvseentists’ practices are aligned with
the formal standards. While some of our resultdccbe interpreted as reflecting undesirable
deviations from explicit standards, they could dsointerpreted as evidence that the current
guidelines are limited in their ability to accomnatel the complex nature of collaborative
research and the division of labor between prgpacticipants. Either way, misconnects be-
tween guidelines and scientific practice createignities regarding the interpretation of au-
thorship and inventorship. Birnholtz (2006) sudgdkat such ambiguities lead to the use of
alternative mechanisms such as word-of-mouth recemaations, the ability to “get noticed”,

or judgments based on how scientists present tHeessm informal seminars and talks. This

effect” in the sense that they get disproportiamatlit once they appear as co-authors on a papentg] 1973),
but also in the sense that they are more likelyetmamed as co-authors.
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system has its own limitations, however, includoogential team disputes about who presents
research results and lower visibility of personovwgonduct excellent research but prefer to
stay in the background. Moreover, such a systermséeefficient as research becomes more

and more multidisciplinary and international.

A promising approach towards improving the curigrgtem is the idea of contributor-
ship, which is the outcome of discussions withia biiomedical community and has been laid
out by Rennie et al. (1997). These authors propmsese the term “contributor” rather than
“author”, where a contributor is a person who “ladsled usefully to the work” (Rennie et al.,
1997, p. 583). Publications should also clearlynidg the actual work that was done by each
of the contributors. In addition to providing credor specific contributions, this system
would also provide information about individualssponsibility for particular tasks (Biagioli,
2003), which may help in fighting scientific misahrct and fraud (Deichmann and Muller-
Hill, 1998; Lacetera and Zirulia, forthcoming). Vihisome journals such as Nature and the
Proceedings of the National Academy of Scienceg mawved in the direction suggested by
Rennie et al. (1997), many journals — especiallgide of the biomedical sciences — still rely

on traditional attribution practices.
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Figures

Figure 1: Summary of predictions

Authorship on Paper | Inventorship on Patent

Substantive contributions

Conceptual ++ ++
Technical + 0
Data and materials + 0

Social Factors

Hierarchical position + +

Status in the scientific community + 0

Interaction effects

Hierarchical position x Contributiong  + +

Status in community x Contributiong ~ + 0
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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 for publicatiorn 3.58 1.04 1 5
Reputation for 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

Male (d) 0.85 n.a. 0

Note: 2,191 observations; (d) indicates binaryatalg.



Table 2: Correlations

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. Authorship (d) 1
2. Inventorship (d) 0.1** 1
3. Conception/idea 0.12* 0.26** 1
4. Laboratory work -0.02  0.04* 0.05* 1
5. Material/data 0.04* 0.05* 0.09** 0.43** 1
6. Hierarchical position 0.09** 0.09** 0.17* -0.24* -0.12** 1
7. Scientific accomplishment 0.27* 0.06** 0.19** -0.25% -0.12* 0.34** 1
8. Reputation from publications| 0.10*  -0.02 0.06** 0.03  0.05* 0.02 0.28* 1
9. Reputation from patents -0.06** 0.07**  0.05* 0.02 0.04 -0.00 -0.25** -0.18** 1
10. Age 0.00 0.08** 0.13* -0.25** -0.16** 0.17** 0.47** -0.05* 0.%6** 1
11. Log Teamsize 0.01 -0.07** -0.23** -0.23** -0.08** 0.02 -0.01* -0.07* 004 -0.07* 1
12. % foreign lab 0.06** 0.00 0.07* 0.01 -0.01 0.01 0.12* 0.10** -0.09** -03 0.01 1
13. UK 0.04 0.00 0.09** -0.01 -0.02 -0.07** 0.11** 0.09* -0.11** 0.03* 0.1** 0.19* 1
14. Firm -0.12= 0.07** -0.05* -0.03 0.00 -0.05* -0.41** -0.41** 0.8* 0.04 0.13** -0.18** -0.11* 1
15. Male 0.03 0.03  0.1** -0.11* -0.03 0.11** 0.13* -0.05* 0.02 0.x4 -0.01 -0.05* -0.04* 0.1*

Note: ** indicates p<0.01, * indicates p<0.05.
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Table 3:

Authorship and inventorship (bivariate probit)

1 2 3 4
VARIABLES Author  Inventor| Author Inventol Author Inventgr Author Inventor
Conception/idea 0.234*  0.356™1 0.168**  0.332*1  0.198* .B34**
(0.044)  (0.036) (0.048)  (0.037)  (0.059)  (0.039)
Laboratory work -0.068 0.030 -0.000 0.05f1 0.154* 0.034
(0.048)  (0.040) (0.053) (0.041 (0.068)  (0.043)
Material/data 0.101 0.058 0.127* 0.054 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)  (0.04%)
Scientific accomplishment 0.544%* 0.097] 0.539* 0.052 589** 0.009
(0.057) (0.050)| (0.059) (0.054 (0.064)  (0.069)
Sci. accomplish x Conception/idea 0.005 -0.059
(0.039) (0.033)
Sci. accomplish x Laboratory work 0.127*  -0.002
(0.042)  (0.035)
Sci. accomplish x Material/data 0.059 -0.074
(0.049) (0.044)
Hierarchical position x Conception/id¢a 0.016 0.034
(0.041)  (0.033)
Hierarchical position x Laboratory work 0.105**  -0.062
(0.041)  (0.035)
Hierarchical position x Material/data -0.053 0.011
(0.049)  (0.044)
Reputation from publications 0.105 -0.02p 0.001 -0.0P1 0.0%0 -0.037 -0.004 -0.040
(0.054)  (0.047)| (0.059) (0.045) (0.061) (0.048) (0.062) .04®@)
Reputation from patents -0.050 0.064 0.046 0.094* 0.022 .069D -0.008 0.067
(0.054)  (0.049)| (0.058) (0.047) (0.060) (0.059) (0.062) .0%A)
Age -0.003 0.012* | -0.028* 0.007 -0.028** 0.008| -0.027* (M9
(0.006)  (0.005)| (0.007) (0.006) (0.007) (0.006) (0.007) .0Q®)
Log teamsize 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) .07@)
% foreign lab members 0.003 -0.00D 0.002 0.001 0.002 0.0 0.002 -0.001
(0.003)  (0.002)| (0.003) (0.002) (0.003) (0.00p) (0.003) .0Q@)
UK 0.012 -0.053 0.037 0.100 -0.038 -0.02p -0.074 -0.0p3
(0.157)  (0.117)| (0.166) (0.113) (0.171) (0.119) (0.175) .120)
Firm -0.444*  0.222* -0.016 0.313* -0.023 0.284% -0.122  3A7*
(0.130) (0.108)| (0.144) (0.110 (0.149) (0.11p) (0.157) .118)
Male 0.147 -0.012 0.003 0.006 -0.040 -0.043 -0.070 -0.066
(0.140) (0.117)| (0.149) (0.112 (0.154) (0.118) (0.164) .120)
Constant 1.535*  0.933*| 3.363** 1.263* 3.427* 1.217* JF83* 1.134*
(0.403) (0.359)| (0.462) (0.373 (0.483)  (0.400)  (0.507) .40®)
arthro 0.303* 0.358** 0.288** 0.347*
Observations 2,191 2,191 2,191 2,191
chi2 199.8 187.7 280.9 196.3
I -813.7 -815.9 -760.1 -737.0

Note: Standard errors in parenthesis, ** indicg€8.01, * indicates p<0.05.
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Table 4: Omission from authorship and inventorship(bivariate probit)

1 2 3
VARIABLES om-Author om-Inventoy om-Author om-Inventor eAuthor om-Invento
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 -0.02d
(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 0.07p  038. 0.079
(0.078) (0.073) (0.091) (0.075) (0.092) (0.076
Reputation from patents 0.053 -0.266%* -0.011 -0.247f* .0@ -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 teamsize -0.196 -0.079 0.056 -0.10] 0.012 -0.018
(0.129) (0.116) (0.137) (0.112) (0.149) (0.117
% foreign lab members -0.003 0.004 -0.001 0.004 -0.002 004.
(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
(0.2112) (0.168) (0.231) (0.169) (0.236) (0.171
Firm 0.701** -0.020 0.219 -0.056 0.182 -0.047
(0.2112) (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**  -1.43
(0.642) (0.578) (0.722) (0.627) (0.772) (0.655
arthro 0.410* 0.411* 0.457*
Observations 1,355 1,355 1,355
chi2 51.17 91.12 97.51
I -321 -294.4 -290.4

Note: Standard errors in parenthesis, ** indicat€8.01, * indicates p<0.05. Sample limited to stigts with
high scores (4 or 5) czonception/idea

Table 5: Project contributions (ordered probit)

1 2 3

VARIABLES Conception/idea Laboratory work Data/material
Hierarchical position 0.108** -0.148** -0.080**

(0.020) (0.020) (0.020)
Scientific accomplishmert 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 2,191 2,191 2,191
chi2 136.6 273.4 72.57
I -3048 -3300 -2688
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Table 6: Authorship and inventorship — by sector (bvariate probit)

Industrial scientists

Academic Scientists

1 2 3 4 5 6
VARIABLES Author Inventor] Author Inventof Author Inventgr Author Inventor] Author Inventof Author Inventgr
Conception/idea 0.210** 0.419*% 0.151* 0.3991 0.289** J13** 0.207*  0.294**
(0.058) (0.063) (0.063) (0.069) (0.078) (0.04b) (0.086) .040)
Laboratory work -0.076  0.006| -0.032  0.021L -0.088  0.0p7 36.0 0.090
(0.059) (0.065) (0.066) (0.064) (0.088) (0.09B) (0.099) .0%G)
Material/data 0.179* 0.116 0.193* 0.113 -0.030 0.016 0.0060.018
(0.071) (0.076) (0.077) (0.077) (0.115) (0.06p) (0.121) .06B)
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) .06D)
Scientific accomplishment 0.618* 0.113 | 0.614* 0.032 0.524** 0.019] 0.504* 0.001
(0.071) (0.070)| (0.073) (0.079 (0.116) (0.07p) (0.122) .08D)
Reputation from publications 0.093 0.00p -0.040 0.0p6 .058 0.010 0.131 -0.03( 0.031 -0.020 0.031 -0.041
(0.066) (0.075)| (0.074) (0.071 (0.077) (0.07P) (0.100) .063)| (0.105) (0.061) (0.108) (0.064)
Reputation from patents -0.033 0.031 0.085 0.0B5 0.054 0260.] -0.134 0.089 -0.090 0.097 -0.102 0.092
(0.065) (0.073)| (0.072) (0.069) (0.074) (0.076) (0.105) .07®)| (0.107) (0.066) (0.112) (0.07()
Age 0.006 -0.009] -0.014 -0.012 -0.013  -0.032 -0.023* 0.02B**.08B** 0.026** | -0.058** 0.026**
(0.007) (0.008)| (0.008) (0.004) (0.009) (0.00P) (0.011) .0Q7)| (0.013) (0.009) (0.014) (0.009)
Log teamsize 0.395*  0.030 0.079 -0.198 0.182 0.015 -0.3290.020 | -0.691** -0.258* -0.555* -0.030
(0.111) (0.119)| (0.112) (0.103) (0.125) (0.12R) (0.182) .103)| (0.193) (0.093] (0.210) (0.104)
% foreign lab members 0.006 -0.043  0.005 -0.001  0.004 00, -0.001 0.000] -0.002 0.00] -0.003  0.0Q0
(0.004) (0.003)| (0.004) (0.003) (0.004) (0.00B) (0.004).002)| (0.004) (0.002) (0.004) (0.002)
UK -0.066 -0.185 -0.002 0.008 -0.059 -0.130 0.155 0.0p5 0.201 .1440 0.107 0.042
(0.207) (0.202)| (0.226) (0.193) (0.234) (0.206) (0.271) .14®)| (0.287) (0.142) (0.295) (0.149)
Male 0.110 0.056| -0.051 0.094 -0.096 0.016 0.189  -0.q18 -0.022 .008| -0.050 -0.025
(0.186) (0.207)| (0.200) (0.19¢) (0.205) (0.21f1) (0.229) .14@)| (0.248) (0.138] (0.260) (0.14%)
Constant 0.338  2.116*F 2.484* 2.281% 2.548** 2.340% 33O 0.195 | 5.929* 0.461 | 5.954* 0.348
(0.482) (0.544)| (0.557) (0.560) (0.585) (0.61p) (0.793) .497)| (1.042) (0.541) (1.068) (0.56§)
arthro 0.359* 0.441* 0.366** 0.283 0.349* 0.298
Observations 1,032 1,032 1,032 1,159 1,159 1,159
chi2 85.55 109.2 155.0 107.7 75.74 123.4
Il -406.4 -390.1 -360.6 -387.4 -403.1 -375.3

Note: Standard errors in parenthesis, ** indicge8.01, * indicates p<0.05
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