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Commercial Science: A New Arena for
Gender Differences in Scientific Careers?

Abstract

This paper examines gender differences in the participation of university life
science faculty in commercial science. In part based on interviews, we develop
hypotheses regarding how scientists’ career achievements—their productivity,
co-authorship networks, and institutional affiliations—have different effects on
whether male and female faculty will become “academic entrepreneurs”. We
then statistically examine this framework in a case cohort dataset containing
the career histories of 6,000 life scientists. We find that participation in for-
profit ventures, which we measure as the hazard of joining the scientific advisory
board (SAB) of a biotechnology firm, is a new arena in which gender differences
are sharp: compared to men, women life scientists are far less likely to receive
compensated advisory roles at for-profit biotechnology companies. Moreover,
the gap in participation rates persists after conditioning on numerous measures
of human and social capital. We also find that this gender difference is contoured
by a number of factors, such as co-authorship network structure and the level
of institutional support for commercial science. Surprisingly, we find that the
(conditional) gender gap is largest among scientists employed at high prestige
institutions.
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Commercial Science: A New Arena for Gender Differences in Scidfit Careers?

ABSTRACT

This paper examines gender differences in the participation of sitjvifie science faculty in
commercial science. In part based on interviews, we develop hypothesdsgebgaw
scientists’ career achievements—their productivity, co-authors#iporks, and institutional
affiliations—have different effects on whether male and femalgtfawill become “academic
entrepreneurs”. We then statistically examine this framework in ecohset dataset containing
the career histories of 6,000 life scientists. We find that partioipatifor-profit ventures, which
we measure as the hazard of joining the scientific advisory board) (8/ABbiotechnology firm,
is a new arena in which gender differences are sharp: compared to men, ies@aritists are
far less likely to receive compensated advisory roles at for-iotechnology companies.
Moreover, the gap in participation rates persists after conditioning on nunmeeassires of
human and social capital. We also find that this gender differemoatsured by a number of
factors, such as co-authorship network structure and the level of inatillgupport for
commercial science. Surprisingly, we find that the (conditional) gegajeis largest among

scientists employed at high prestige institutions.



l. Introduction

The relationship between gender and wage attainment, advancement paths,raaspetite of
scientific careers has been a topic of keen sociological interest (Gdlelithg and Fox 1995). Much of
the empirical work in this area has examined sex differences among academtists across four
outcome variables: appointment to positions in prestigious departmentschge@auctivity,
compensation, and rates of advancement (e.g., Farber 1977; Reskin 1978; Long 1990; isongaAd
McGinnis 1993; Xie and Shauman 1998, 2003). Although debate remains about the underlying
mechanisms that determine the gender gap in science, existing studiésywakteptions, conclude that
female scientists who are otherwise comparable to their malegode experience less successful
careers by the standard metrics of attainment in science (Haberfe®hanhav 1990; Long and Fox
1995; Fox 2001).

Fortunately, recent evidence suggests that the gender gap in pedenmacientific careers is
beginning to close (Xie and Shauman 1998), especially in the life sciencesr{@muhidolton 1996;
CSPT 1996; Xie and Shauman 2003). Belying progress toward gender parity in pay ancpsomot
academic careers in the biological sciences, our paper descridesasema in which ascriptive
characteristics appear to (dramatically) shape scientifeecsirparticipation rates of university faculty
members in commercial science, or what we label “academic entraggkipe’ During the past 25 years,
the scope of academic careers has expanded to encompass differenbhspeutsercial science,
including patenting, the founding of for-profit companies, scientific advisory boandbership,
consulting, and other forms of compensated work with industry. Indeed, academtistcthemselves
have started and advised thousands of for-profit companies, a great madnghotware explicitly
established to capitalize academic research (e.g., Etzkowitz 1998y ZDekiey, and Brewer 1998;
Owen-Smith and Powell 2001; AUTM 2001).

Although the amount of supplemental income academic scientists haveecbffeen
commercial activities is unknown, a recent survey of newly publicdhotdogy companies revealed that
in half of the firms, university faculty had large enough equity holdings tistee in Securities and

Exchange Commission’s filings, with a median value of $5.6 million (Edwardeayland Yu, 2006).



While the number of scientists that have acquired this level of weadtmittedly small, because
universities share royalties from industrially licensed disaesewith faculty inventors, commercial
science has become a source of income for a growing number of sciehgsefoiie, opportunities for
extramural work now meaningfully influence wealth differences amoreqgisis. Yet, earnings from
these sources do not appear in the wage data typically examined in stuti@smmieat differences in
academic science. Similarly, the non-pecuniary benefits scientistgaimafrom associating with
companies, such as exposure to (unpublished) research in corporate kdsi@state-of-the-art
laboratory equipment, and job leads for graduate students, are also unaccauntedrfent analyses of
career differences.

In this paper, we quantify the extent of the gender gap in commerciatecad we explore the
mechanisms that amplify and diminish it. The analysis we undertake dragsal parts from qualitative
and quantitative data. We join insights from theory with in-depth intesviewderive propositions that
we then test in an archival analysis. Because of the dearth afureon the influence of demographic
characteristics on rates of participation in “academic entreprgmpyi the qualitative component of our
analysis proved to be an essential complement to the existing litaraguieling our formulation of
hypotheses to test in the large-sample analysis.

The outcome we examine is the likelihood that scientists will becoméensraf scientific
advisory boards (SABs). A distinguishing feature of these boardatiséw members must be invited to
join; for all but the company founder, an individual’s involvement hinges on aatiovi to participate.
This characteristic accounts for our decision to focus on SAB membersliiphe#ps us to overcome one
of the challenges in understanding the nature of the relationship betweptivescharacteristics and
discretionary employment outcomes; namely, in generating group differen@$idipption rates, biases
may be exposed when participation hinges on receiving invitations to join a corigamgturn to the
thorny issue of causal mechanisms at much greater length in a tien ¢&nd we cannot claim that we
have fully succeeded in parsing the sources of the gender gap). Heimaplyawste that SABs represent
a strategic research site for revealing the root causes of géfideznces. Moreover, because the process

of forming an advisory board for a new organization is fundamentally soredhttne, we consider it to



be a very promising domain for sociological inquiry. In particular, invitatiorsin a SAB typically
arise from close social ties and referrals, and as we describe bgboimary consideration in the
construction of the board is its symbolic significance for the public imatiedirm.

We find systematic qualitative and quantitative evidence that woradass likely to join the
Scientific Advisory Boards of biotechnology firms. In a case-cohort dakave containing career
histories of 6,000 university-employed life scientists, we find tteémscientists are more than twice as
likely as women to become formal scientific advisors to companies. 83u#t is particularly strong at
elite universities, where the gender gap is of greater magnitudeurtiang those employed at less
prestigious institutions. Our qualitative evidence together with stiggesatistical results indicate that
this gap arises because women receive fewer invitations for SABigetion, rather than because they
refuse opportunities to join SABs or because they lack interesadeatc entrepreneurship. However,
the gender gap is diminished by at least three factors: first, unambiggoals sif scientific success such
as running a productive lab increases the likelihood of SAB particip@tiamomen more than for men;
second, direct social ties to co-authors who serve on SABs are &serdifilly more important in
increasing female participation; third, working at a university tlaa institutionalized sources of support
for commercial science is of greater benefit to women faculty.

The paper is organized as follows: section Il briefly reviews teeture on gender and careers,
focusing on studies of scientific careers and on stratification in eatreprship; section Il describes the
process of constructing SABs based on our qualitative evidence; ionsBttwe formulate the
hypotheses we test on the archival data; section V describes thehrele=ago, data sources, and the
estimators we use; section VI presents findings; section Vilskss alternative interpretations of the

results; and section VIII concludes.

Il. Gender Differences in Careers — Academic Science and Entrepneurship
The number of university scientists involved in for-profit companies has graeipjtously
since the late 1970s (Eisenberg 1987; Blumenthal et al. 1996; Slaughter and ®@8jiEtzkowitz 1998).

This trend is most notable in the life sciences disciplines, which hawvenbdbe primary locus of



university technology transfer (Owen-Smith and Powell 2003; AUTM, allsyeAzoulay, Ding and
Stuart 2006; Evans 2006). Commercial science opportunities include pateatisglting, joining
scientific advisory and corporate boards, and even founding entrepreneatgahldirms (Murray 2004;
Ding 2006). In fact, university-employed scientists have been the founders ohabimitthe 300 or so
publicly traded biotechnology firms in existence today, and continue to be ficiadtisors to nearly all
of them (Stuart and Ding 2006); rates of patenting by life science fdw@utyrisen precipitously
(Azoulay, Ding, and Stuart 2006); and a study of faculty authors in 14 biomexlicahis found,
remarkably, that one third held patents or an equity position in a bioteglyrfoin related to their
research (Krimsky et al. 1998; for additional evidence, see AudretdcBtaphan 1996; Zuckeradt
1998; Owen-Smith and Powell 2003; Murray and Stern 2005; Evans 2006).

There is very little systematic research of which we are awatmg a university scientist’s
gender to his or her likelihood of participating in commercial sciemcawf recent exceptions, see Rosa
and Dawson 2006; Ding, Murray and Stuart 2006). However, gender patterns in academi
entrepreneurship may be informed by insights from related literatunesis@nce, the question of
whether the reward system in science is universalistic has teximmaich of the empirical literature on
career outcomes in the sociology of science. This body of work has generallydeohthat attainment is
not blind to ascriptive characteristics (Cole 1992; Zuckerman 1988)aiRbses have found that women
are under-represented in scientific and engineering occupations (Cdlmkent973; Zuckerman and
Cole 1975; CPST, all years); women scientists are less productiventra(Reskin 1978; Cole and
Zuckerman 1984; Long 1990; Xie and Shauman 1998); they are less likely to be foutedidtélitions
(Long and Fox 1995); they advance ranks at a slower rate than do men (Farber 19%&T;dlL48§3;
NSF, 2005); they exit the profession at a higher rate (Zuckerman and Cold1€5t6n 1994; Xie and
Shauman 2003); they are disadvantaged in the peer review process (Wandétadd 1997); and a
salary gap separates women from men (Haberfeld and Shenhav 1990; NSF 2005).

The biological sciences, however, are now recognized as an exception tertdepatterns of
pronounced gender differences in scientific careers: women in thigisehizare “broken through” (Long

and Fox 1995; CPST 1996; Sonnert and Holton 1996; Xie and Shauman 2003; we report additjonal data



For instance, Sonnert and Holton (1996) found no statistical differencedoetwe: and women in rates
of progression through academic ranks in biology, whereas women were proomdetkiably more
slowly than men in other areas of science. In our data, female graduatgtsindecent cohorts are
actually slightly more likely than males to attend top 20 Ph.D. programs,@nmdmincreasingly
populate the junior faculty ranks in highly regarded research uitigsrs

On one hand, the steady progress toward gender equality in career outcomeoindiebi
sciences may presage gender parity in involvement in commercial s@artbe other hand, the
expectation of a marked difference in rates of academic entrepshigetallows from recent evidence
concerning related labor market phenomena. Specifically, there is-dogelinented, wide gender gap in
involvement in entrepreneurial ventures. Overall statistiasae that men found new businesses at
approximately twice the rate that women do (US SBA 2001), although the gesddr=balf-
employment gap” has declined in recent years (Devine 1994). However, théylisgiaveen the sexes
in rates of business founding and occupancy of high-level managerial pogup@assto increase with
the technological intensity of the sector (Baron et al. Z00iKewise, a recent study found that a meager
six percent of the $69 billion in venture capital funding dispensed in 200wested in companies with
a female chief executive officer (Brush et al. 2001). This lassst is particularly discouraging for the
prospects of female academic scientists wishing to capitagrerésearch. Since substantial investment
funds are typically required to commercialize university sciencesactoesenture capital or other forms
of funding is critical for academic scientists hoping to launch a new company

The role of gender in shaping faculty participation in commercial sigray be particularly

revealing because academic entrepreneurs are boundary spannelisgtiaddiery different arenas—

! In contrast, women have been relatively successfiill-time scientific careers in biotechnologynfis. In a
comprehensive study of employment and promotioRhoD. life scientists in biotechnology firms, Sridloerr
(2004) shows that men and women Ph.Ds enter aasirates. That said, in a separate analysédl afenture capital
funded healthcare companies started after 200findi¢hat of 21,484 executives, board members,smiehtific
advisors, only 2665 (12.4%) are women. Thus, aoregtsle conclusion would be that women have had more
success in entering and earning promotions in esalye life sciences companies than in other fieldsgh
technology, but at least in high potential compsnibe gender composition remains dauntingly sketovedrd
male dominance at the highest ranks of the orgtioiza



universities and technology-based industries. The progress women haveweadkobtaining
representation in high-ranking positions differs across these twogsetivhich raises the question of
how women fare at the interface of these domains. If the gender differ@loserved in corporate settings
extend to advisory board memberships, women academic scientists wikdieély than men to
participate in commercial science. In contrast, if representation asoagiboards is proportionate, we
will observe over time increasing parity in board composition, reflectiagges in the demographic
makeup of life sciences faculties. As yet, neither the existence, mdgmor moderators of the gender
gap have been revealed. In the following sections, we first describddlwe sgientific advisory boards
as seen from the vantage points of faculty members in the life scienbssq8ently, we develop

predictions that are tested in the archival dataset we haveldsdem

lll. Evidence from the field: Constructing Scientific Advisory Boards

We conducted interviews with scientists at a single elite uniydhsit is among the top ten
contributors of biotechnology SAB members and company foudétis. institution has a long history
of excellence in the life sciences and members of its faculty siedBABs of many public and private
biotechnology firms.

We interviewed a total of 50 scientists. To begin, we identifieddagartments with faculty that
were SAB members and founders of biotechnology firms. We then requestewaevith all female
faculty in these departments. Our response rate was 77% (22 women). Neoipleted interviews
with a matched sample of male faculty, each of whom was nominated by a feoudte fhember as her
closest peer along the dimensions of academic field, career stageseardhieThe response rate among
male faculty was 95%. We also completed an additional six intervigéws/ery senior male faculty who
had been active on a large number of SABs but for whom there were no “matehmiagé faculty.

Through open-ended interviews we sought to understand faculty interest in BABsutces of the

2 Our large sample data (described in detail belmwiicademic patenters, firm founders, and SAB mesrtgygest
that academic entrepreneurs are disproportiondtelyn from the life science faculty of elite unisiies. It is for
this reason that we chose to conduct intervievematof the nation’s leading universities.



invitations they had received to join SABs, and whether and why these oppesthail been pursued. In
addition, for the six scientists who were highly experienced in SAB format®mwestigated the
function of SABs, the characteristics of scientists who would be invitgihtoand the process of
constructing the board.

Table 1 describes the characteristics of this matched inkes@mple. As a comparison with
Table 3 subsequently will make clear, the interview sample ig@pgonally accomplished group of
individuals. Compared to the general population, the men and women we interviengguioliic both
in terms of the quantity and impact of their academic output, as welllas @xtensiveness of their
participation in academic entrepreneurship. Thus, these scienigsts (and their opportunity sets) are
perhaps only representative of those of other accomplished scienlgstdiag research institutions.

-- Insert Table 1 about here --

Role of the Scientific Advisory Board

There has been relatively little research on the form and functiotieritiic Advisory Boards.
These boards have neither fiduciary responsibility nor a formal placérm’s governance structure.
Nevertheless, they have become a near-ubiquitous organizational fediiotedfinology companies.
Typically these boards are formed by the founding scientist very early deteéopment of the firm and
have between five and ten members. Board members are rewarded witratisland consulting fees.

The scientists we interviewed believe that SABs perform threeapyifunctions for companies.
First, they provide expertise, ranging from very specific tacit knowlézlgeneral advice on broad
scientific strategy and experimental design. SAB members we intedidascribe how they support the
firm’s internal research activities; during board meetingsnsisis assess and critique experiments
designed by the firm’s internal researchers and debate the directienneihseries of experiments. For
example, one faculty member commented that he was invited to join a compaBywgh8n they in-
licensed a portfolio of patents developed in his academic laboratisrpgré$sence on the SAB ensured
that the firm retained access to his advice for how to integratedfisology into the firm’s scientific
strategy. In general, our interviewees felt that a combination of despic expertise and a basic

understanding of business issues are an ideal combination for SAB members. Fbe so@mmenting



on one of his colleague, an individual reported to ¥Ss“who | would want on my SAB — he is a real
academic at heart, not a business man, he is one of the smartest people | knowldousdwenas to have
a great sense of the business side — he knows what is going on...of coureéhbi&lalthat very valuable
patent for drug A.

In addition to offering their expertise, SAB members are chosen to sigeatifsc quality to
external investors. Our interviewees often likened advisory boarggrnddw dressing”. In effect,
prestigious academic scientists lend their reputations to thestagle firms they advise, which is thought
to aid firms in the process of attracting resources (Stuart, Hoang, ants H9B8; Higgins and Gulati
2003). A third obligation is that advisors are expected to share their setwadrks with the firm: they
assist in identifying other academics that might provide a crigsalurce through collaborative research,
and they locate suitable students to be hired by the firm (Murray 2004).

The SAB members we met volunteered that, in addition to the potemtiahfoneration, they
garnered non-pecuniary professional and personal benefits from their wlodompanies. For many,
SAB participation was fun; it offered a chance to interact with peersia opportunity to engage in
“real-world” problem solving. Scientists also regarded SAB agtwias a chance for leverage and
influence. Through their connections with industry, they perceived the cleaaextehd the impact of
their research in the community of corporate researchers. Manyissiafso spoke of the opportunity to
commercialize their scientific research to benefit those snfférom intractable diseases. And some
viewed being in the company of other prominent scientists in the servicenoisprg companies as a

form of prestige in itself.

IV. Hypotheses: Gender Stratification in Commercial Science

What are the characteristics of faculty members who are mostiikgin a scientific advisory
board? Relying on the previous description of SABs, insights from our ieesyvand the sociological
literature on gender and careers, we formulate hypotheses thdlideditiidual, network-, and

university-level factors that contour gender differences in faculticsation in SABs.



IV.A Overall Gender Gap: Our interviews reinforced many of the findings of the litexatan female
participation in entrepreneurship. Even though our interviewees wereygaplat the same high-prestige
institution and were matched by discipline and cohort, our conversaticaedwidespread gender
differences in SAB patrticipation: the women we met were much lesdy tik be invited to serve on SABs
and joined them at a much lower rate. Many of the women we interviewegdzbthat this difference
arose because of overt gender discrimination. One illustrative ex&auple when we interviewed a
woman with 25 years on the faculty. We initiated our interview by explaitiiat we wanted to discuss
her involvement in commercial science. Her immediate reactimiere we mentioned the focus of our
project—was to askdre you going to address any gender is8leShe went on to say have never
been asked to consult or advise, never once and | have been a faculty memioee finan two decades
and | work on things related to cancer ... that are very relevant to drug developmend many of my
male colleagues, who frankly know less than | do, do consult all the timast.tHink it's incredibly
sexist.” As we report below, this view was echoed by a number of the most accomplished and
experienced women faculty in our interview sample. Because of the geffidiedie in participation in
entrepreneurial activity in general, the particularly sizeahjpekgawn to exist in technology-intensive
industry sectors, and viewpoints expressed during our interviews, wet éxpi@d that: women

academic scientists will be less likely than men to transition toeymal science

Assuming the existence of a (conditional) gender gap, the precise mech#dmisagh which it
emerges will be a challenge to disentangle. We therefore nextleppsttential factors that moderate the
gender-commercial science relationship, with the hope that knowledgesefwill illuminate the
mechanisms that underlie ascriptive group differences in commesigate participation. We examine
three potential areas of contingent effects: individual achieverserial capital, and institutional prestige
and resources. In a later section, we then explore the most likehadilte interpretation of the findings.
We ask, might the gender differences we observe arise from thedimierest of women to take part in

commercial science for reasons such as research prioritiesity-felated time constraints?
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IV.B Individual Characteristics . We know from our interviews and from the general function of
advisory boards that company founders seek domain expertise in SAB membersgeiideyond a
consensus that relevant expertise is important, the criteridefotifying SAB members become more
ambiguous.

One factor underscored in the interviews is the premium placed on gertegitimacy within
the scientific community. From existing literature, we understand the¢ssian the resource
mobilization process for new ventures hinges on the contacts anthéjitof the entrepreneurs
attempting to attract resources (e.g., Aldrich, 1999; Shane and Stuart 2002¢t€yaa SAB member
and company founder commented that when venture capitalists make determinatibmsvabtments in
early-stage biotech firms, they often rely upon the guidance of individoatseir own roster of scientific
advisors. According to this individual, when the scientific founder andABerSembers are known to
the venture capitalist’s advisors, the due diligence process s @aster. There is no doubt that
credibility is a critical asset for an entrepreneur, especialyseeking external investors.

A number of senior female scientists we interviewed in fact belieat there is gender bias in the
SAB formation process precisely because company founders have concernbeabgtérnal legitimacy
of women board members. One senior, female scientist explaifiegly Wwould politely say that we
[women] weren't invited...l do remember [Bill] telling me women won'itfeerve on SABs or as
founders] because business people won't interact with them...I just idyukiewv he was correct...it
was just a conversation that was very frarl/& might interpret this attitude as arising because some
external resource holders perceived women to lack credibility irotb@f high technology company
founder or advisor—sex-typed positions due to the virtual absence of wonmesénroles in other
domains. Even when a woman occupies the same formal position as a man & tieném venture
creation (e.g., professor at the same university), the fact that womgenaler-atypical occupants of
such positions may lead others to perceive them as less capable thaihpagorming the tasks
demanded by the job (Kanter 1977; Ibarra 1992; Ridgeway and Smith-Lovin 1999).

The women we interviewed echoed these ideas, believing that theyaveerious contenders

for work with industry. One woman described how a close male colleague veas @pproached at
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conferences by industry scientists to give his opinion on topics moreld¢ertiea area of expertise:
“[Fred] is considered an expert and | have been with him at meetings when theypanmgttalk to him
about XYZ—a subject | know more about ... even people who know me talk to him insteadiHatnow
he does and doesn’t know in this field and that is hard because when you are with hieh iyoisiiele”

In other fields of professional work, research supports the notion that wongdseragewed with
skepticism (Ibarra 1992). Ibarra (1997), for instance, found that womenhismdnging positions in a
professional services firm were often perceived to lack credibdéigecially when their work required
interacting with external constituents.

In describing the flow of opportunities to join SABs, however, a femafe faculty commented
on the impact of particularly visible accomplishments in changing ettpenceptions of their work. In
contrast to their male colleagues who more often described a “steady floppaftunities accruing
throughout their career, several women commented tih@tshone started to ring when | was invited to
be [Dean, provost, director].For women, appointment to a visible administrative position in academe
(of little relevance to their scientific expertise) seemeckssary for them to obtain the external status
that made them credible contenders for SAB positions. One women workingraetfece of biology
and chemistry described it thugtfout twenty invitations [for engagements with industry] followed my
getting this new [administrative] position from companies big and small..datrsure why...certainly
my lab looks at broad problems across many fields — its an unusually diverskbuathis is not new! |
suppose with the new job | have achieved a level of stature or position that genklis interesting.

Social cognition theory offers a plausible explanation for the importainasible
accomplishments in creating opportunities for women scientists (Fisk€agylor 1984). It contends that
an individual's group membership is often used as a proxy in assessmentgyoffatnpting this
reasoning to the case of gender differences in invitations to join SABs, offelgoasse of perceived
differences in desirability is the proclivity of evaluators to invoke teeestypic beliefs associated with
an individual's gender to inform their judgment about his or her poteotp@rform a task (Festinger
1954). This is especially likely to occur when few objective factaeadable to an evaluator to update

his stereotyped appraisals. An implication of such a process is #adily observable record of
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outstanding performance, a prize, or another external endorsement mag #levaputation of a
member of a group generally regarded to be of marginal status more thasmandaféliate of a dominant
group. Members of the latter group are often endowed with the presumption of @ocepeind thus an
evaluator’s assessment of merit is relatively insensitive tdiaddi, verifiable evidence of skill. If
participants in the arena of high technology entrepreneurship, such amgdompaders and venture
capital investors, hold different unconditional probability assessmenis thiedikelihood that men and

women will succeed in the role of advising early-stage firms, we wouldexpeobservable record of

excellent performance will have a greater effect on women sciéikisthood of joining a SAB than it

will on the likelihood for menln fact, evidence consistent with this expectation has been reported in t

context of scientific careers: Long et al. (1993) found that an incre#ise mumber of publications of a
scientist has a greater effect on the probability of promotion for womentists than it does for male
scientists.

A scientist's employer can also provide him or her with another targpbiee of legitimacy:
faculty at elite universities benefit from the status conferretthély affiliation. A few faculty noted that
after moving to the high status institution where we conducted intervieysreceived invitations to
serve on SABs and to work with venture capital groups — they had suddeniyebamre visible. One
women working on drug discovery tools and techniques describédt have one opportunity arrive on
my doorstep after | moved to [institution] for the first time evae Tompany had read my papers and
had seen that | was now here and wondered if | would be interested in developing what weingem
a more high throughput way and that ended up in a million dollar award and consukimgther
women described how commercial sciengest'felt like it was in the alrwhen she moved andihce |
came here | have been asked by a former student to sit on a SAB and a couple of dérazsnzdnies
although it’s still quite limited. We heard a few similar stories from male faculty, although none
emphasized as sharp a change in opportunities as did the women. BecausereValidadifferent
assessments of the SAB expertise of men and women, we anticipate thatedoimpaen, women will

derive greater opportunities for commercial science through an a@ssoavith a prestigious employer.
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We expect: an affiliation with a high prestige institution will haveeatgr effect on the rate that women

scientists transition to entrepreneurial science than it will onswate

IV.C Social Networks. The selection of SAB members is a highly relational processdimfohcross the
social circles comprising the invisible colleges of science. Whdendividual and institutional signals of
expertise and credibility accrued by faculty are crucial in guiding seéaction as SAB members, our
interviews suggest that SAB selection also relies upon a mix of diketettions from former advisors,
collaborators and colleagues, invitations from “commercial” colleagured third-party referrals as well
as “cold-calls.”

The most immediate sources of SAB members are a founder’s co-authorsatera) co-
workers. We discovered that it was common for a founder to invite saiertlfaborators both to serve
as co-founders of a start-up and as SAB members. Founders might also mwiieRa.D. advisors to
lend their reputation to a SAB, or draw upon the expertise of their formenssud he social circles from
which SABs are drawn also extended beyond the traditional boundaries oflineaibges (which are
generally constrained within a narrow domain of expertise) to incorpaatmercially-oriented
networks formed through commercial science, including SAB participatiorsisent with previous
research on the role of social networks in facilitating matches betwaé&en& and jobs (Granovetter
1973; Fernandeet al 2000), founders describe the importance of a broad contact network to identify
individuals who would be strong candidates to join a SAB.

The picture presented by male faculty is that SABs are assefrimethe mobilization of an
eclectic and far-flung referral network made up of strong and distalieges from male faculty
illustrate the diversity of the connections that generated sorheiof3AB opportunities. For instance, a
highly accomplished organic chemist noteay“first SAB experience came with X [biotech firm] who
found me because one of my friends was on the SAB — he had been a post-doc whom | leabamentor
was now a colleague at Y [another institution]...another opportunity came frormd fifeY [the dean]

so that’s how | got involved in that; they were interested in drug delivery aude chemist...and |
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then brought in [Dick] and [Tom] who are both colleagues of mine. | thirtké case of Z someone
suggested my expertise .. .

Among women faculty, the stories we heard about referrals weredirtaitclose colleagues,
collaborators and students who were founding companies; typically indidita whom they shared
research projects rather than more distant social connectionss €bissistent with studies suggesting
that for entrepreneurial activity, women are poorly positionedivelto men to receive referrals. For
example, Renzulli, Aldrich, and Moody (2000) found that women in a sample of wouldrepreneurs
have less diverse networks than do men, and that the lack of multiplicipniems networks constrains
the identification of entrepreneurial opportunities and the transition tpamynformation¢f. Aldrich
1999)

Experienced women felt their colleagues and acquaintances somegioieedithem when
considering commercial opportunities. When asked if she had been invited 4038iB or offered
consulting opportunities by a senior colleague, one woman repfiedt am a women and so that would
never happen to me...I am not bitter about it...it never happens to any of my fdleatgues...its just a
fact of life. Maybe | have more female friends in science than matedrand so they ask their friends
not me’ And, we repeatedly heard that when women received opportunities throughetivearks, they
usually arrived from a strong tie. An experienced biochemist with gelinmistory of SAB participation
explained the only biotech companies | have ever been associated with are developadlbyd close
colleague...he likes me and that's the only reason | am involved...I have a fels Wigo give me
opportunities - people like [Paul]- he has been very good to me...we work tar g§mmgs.” For another
woman with expertise in the mechanical properties of tissues and how tingg chalisease states, her
SAB and founding opportunities have come from only two close contacts. Tthe &rso-author:It
was [Jim] my collaborator’s idea to start the company...someone elsdnvang it pretty hard getting
the whole thing off the groundHer other SAB opportunity came from a woman she had developed a
close friendship with early in her career and who had provided her with sevesalting jobs and

recently a referral to a SAB.
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Taken together, strong ties appear to be more important for women than menelhagew
argued above, women scientists may be perceived as being less suitedl®dhsaientific advisor,
then to the extent that invitations are accrued, referrals fromdrinsielers and close mentors or
collaborators (with first hand information about an individual’s qualioces) will be particularly

valuable for women scientists. Stated differently, we examine whietadion in a direct-tie network

conducive to entrepreneurial activity has a greater effect on women stsidikielihood of joining SABs

than it has on male scientists’ likelihoods

IV.D Employer Resources Our interviews also suggest a third set of factors that may maiue
opportunities to join a SAB: institutional resources. One universitgtfactor noted by interviewees and
widely discussed in the literature is the effectiveness of the Tlgyn®ransfer Office in guiding faculty
as they develop relationships with industry. For faculty with few g¥isattor connections, the TTO can
serve as a broker that facilitates ties with industry. Accordirigjzkowitz (2003), these offices are
“reservoirs” of social capital; their staffs cultivatdationships with the business community, which are
then exploited to connect individual faculty members to potential users ofetienology.

We foresee that women scientists are more likely than men to benefihieanstitutional
support for entrepreneurial activity that exists in universitigls active technology transfer offices
(TTOs). The basis for this difference is that scientists wieadjr possess independent relationships with
external resource holders (men) are unlikely to rely on the servieethodl-party broker to link to
established companies. Our interviews reinforced this point; men and wonmeasedpcounterposing
views of the usefulness of the TTO. None of the men we interviewed had fodil @Bortunity
through the TTO. Moreover, they preferred to minimize interactions withi Tkewhen founding
companies—even though the university where we conducted our interviews isusfor the success of
its technology transfer activities. A senior chemistry profeBkortly expressed his viewttfe TTO is not
entirely useless but pretty close to i8.more junior male scientist felt that the TTO wagher non-
responsive or just difficult to get approval frdrmstead he found thasenior faculty guide junior

faculty to specific projects and opportunities...I feel | can ask anyone egpartment for advice; once
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Manny [former departmental chair] hooked me up with a company and Bill [another $acidiy
member] did another time, so | don’t really need the TFOsenior faculty in pharmacology noted that
the TTO ‘has never found me a licensee or a new opportunity; | have always found rhy own.

In contrast, women we interviewed commented on the importance of support froffQhe T
overcoming their lack of contacts and their reluctance to “sell $begnce.” For one woman, the lack of
support at her old institution was an obstacle to her commercial parbapadthad to go out and peddle
[my discovery] to find my own licensees so | flew to XX and talked to Y Yharudher company about
the ideas and | came away with the impression that they were cool ideagbubenahead of their time
...without support we had no motivation to push it furthéfter moving institutions she found that'$
great here - there are sources of support and you don’t have to be out on thpestidigtg an idea that
is too soon for the outside..lfi a similar vein, a senior woman in biochemistry stdtedyhen | came to
[current institution] they are so good at doing this stuff [patentimgittit's very painless and this makes
a huge difference Furthermore, while the commentary is subtle, a few women faculty avebévalent
about commercial science, professing a “fear of money” or the potemtizifig “incompetent with
money and finance”. For these women, the TTO played a particularlgtsalie in encouraging their
interest in pursuing commercial opportunities.

For women with limited experience in and doubts about their aptitude for @aiatrscience, the
TTO becomes an important source of advice, support, and expertise. Becausesgiemigsts are less
likely to have relationships with industry, and may be less confident nathiéity to succeed at

commercial science, we anticipate: the presence of a formal teghrichnsfer office will have a greater

effect on women faculty members’ likelihoods of joining a SAB than itamlthe male scientist rate.

V. Archival Data and Methods

To systematically examine these ideas, we have assembled a tata @&ith career histories of
approximately 6,000 life scientists to empirically gauge the detamts of the rate of transition to
commercial science. As we discuss next, because there are a large ofuadaglemic life scientists and

a relatively small number of events for which we are able to obtainedktaiormation, we employ a
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sampling procedure known as the “case cohort” design. This method was developesidtisticians

(Prentice 1986; Self and Prentice 1988) and is commonly used in epidenabteg&arch.

V.A Case Cohort Sampling.Case-cohort designs are employed when there are few events in a large
population of actors, rendering it costly to draw a random sample containing eneuagh (e the
biostatistics literature, events are typically deemed “fasl)ire® generate reasonably precise parameter
estimates. To sample in this way, one first compiles the event astidrsome or all of the individuals in
a population that experience the event under examination. One then randomgyadromparison sample,
known as the “sub-cohort,” from the population. The observations in the sub-cehtreaweighted in
the estimation routines to mirror the distribution of events and namseirethe population. This

procedure has been demonstrated to result in very little loss oéedfc

To construct our dataset, we first collected information ahlbih.D. scientific advisors avery
biotechnology firm that hasverfiled an initial public offering (IPO) prospectus (form S1, SB2, or S-18)
with the U.S. Securities and Exchange Commisione limitation of these data is that we were only
able to obtain information about biotech companies that have filed papethe&B5EC. Unfortunately,
there are no systematic data sources identifying advisors of prorafmaies. This has two
consequences. First, we significantly under-count the actual number of SABensethus, the numbers
we report below understate the true amount of commercial science dothain. Second, we are
working with a selected sample of companies: it would be reasonable teceabsuitine firms in our
database are relatively successful compared to the average stemnigny in the biotechnology sector.
Thus, the transition events we observe among the scientists in our datebss affiliations with

relatively high performance firms.

3 Al privately owned companies must file an IPO grestus with the SEC before selling stock to theipulbhe S-
1 is the basic securities registration form. An Zfrm may be filed in lieu of an S-1 by small messes meeting
certain conditions (e.g., annual revenues less$2amillion). Form S-18 had been the form for drbakiness
issuers from 1982 until 1992, when it was replasét the SB-2.
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A total of 533 dedicated biotechnology firms headquartered in the US hed/éHD
prospectuses between 1972, when the first biotechnology firm went publigrarady 2002, when we
concluded our data collection. We were able to retrieve filings for 51 ks tompanies, from which
we obtained biographical sketches of founders, scientific advisors, and aeeiutived.In this analysis,
we retain only those individuals who hold a Ph.D. degree and were in the evhpltyS.-based
university or research institution at the time that they startemirard the biotech company. We have
identified 715 unique members of scientific advisory boards. The transitimattSAB membership of

these university faculty members constitute the events we antigzédilure set”).

Having identified the population of individual scientists experiencing sydre next step was to
create a comparison set (the sub-cohort) of scientists who wereest@ibhnsition to commercial
science. We did this by drawing a stratified, random sample of 13,564 doctoss Hetders listed in
the UMI Proquest Digital Dissertation database, which reports the nzasoiplide, date, and degree-
granting university of all U.S. Ph.D. program graduates. The sub-cohort wasictegsso that its
disciplinary composition and Ph.D. year distribution matched those of theefadt (e.g., 15 percent of
biotechnology company advisors are biochemistry Ph.D.s, so the random sampies ddnpeercent
Ph.D.s in biochemistry). We stratified on these two dimensions so that thieuradvin the comparison
cohort hailed, in exact proportions, from the specific disciplines responsititeefknowledge base
exploited in the commercial sphere. The members of this sample aredbpagively followed from the

time they earned a Ph.D. degree.

Published statistics suggest that fewer than half of new Ph.D.s ifetbeiénces find
employment in academia. Therefore, to construct a random sample of siantisitversities at risk of

engaging in commercial science, we must identify who among the Ph.D. dexjpé&nts obtained

* For companies that filed papers to go public af@95, IPO prospectuses are available on the voeb fihe SEC’s
EDGAR database (http://www.sec.gov/edgar.shtml).attguired pre-1995 prospectuses from the SEC’s main
office in Washington, D.C., where these documeatslze paged from an offsite warehouse. Not evergpactus
provided detailed information about scientific ambris; we were able to obtain complete informatam70% of the
companies.
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faculty positions. To determine this, we created publication historied Bmentists in our database.
Specifically, we queried the ISI's “Web of Science” database for aliqations by authors with names
that matched those appearing in our data archiVe.then used the affiliations listed on papers to

identify each scientist’'s employer and, assuming frequent enough publictditnask job changes.

Approximately 2,000 of the 13,564-person random sample were deleted because they do not
appear in the Web of Science in any year after earning their doctoraésiégfe further assumed that, (i)
all Ph.D. holders who exclusively publish under corporate affiliations, antti@sp that have zero
publications for a period of five consecutive years, have exited acadertiia regressions we report
below, the employment spells of publication-dormant individuals are censdtedtimansition-to-
commercial science regressions at the point in time their publicagtords stopAfter we deleted very
early exits (those who stopped publishing five years after Ph.D. grantedyehiddding only post-
doctoral positions before exiting academia), the final matched sampénsoB229 scientists in the
randomly drawn sub-cohort, augmented by the 715 failure cases (SAB membersjg detlio of
matched sample members-to-failures over 7:1. It has been demonstratedahait-to-case ratio of 5:1

(or higher) results in little loss of efficiency in estimation @ogv et al. 1983; Self and Prentice 1988).

V.B Statistical Method. We structure the data as individual-level career histories and nhedelte of

transition to SAB member. Each scientist is considered to be at rsigafjing in commercial science at

® We automated most of this otherwise very laborjmagess; the complete list of publications cors#86,113
entries. We undertook a number of steps to elirmidaplicate name matches: we excluded all papens jiournals
outside of scientists’ subject areas; we match ewbrging surnames, first and middle initials; anthstances in
which we appeared to have multiple individuals wite same name, we manually made corrections.

® Assumption (ii) is made to accommodate the faat thany individuals exit from university employméicause
they fail to earn tenure or choose to pursue psidesl opportunities outside of the academy. We adsran all
regressions censoring employment spells at 35 yddeqiure rather than when publication ceases.réperted
coefficients are almost identical in models estadawith the different censoring criterion, whichiasbe expected
given that the individuals experiencing events gbute most of the information in hazard rate med&ling and
Zeng 2000). One limitation of the ISI data is tfatmost individuals in the control sample who aia their
doctorate degrees prior to 1970, we were unabdbtain early-career employment information duehtfact that
the Web of Science provides addresses only for@82 publications. In cases for which pre-1978iaffons
were unavailable from other sources, we used anithehl’s1973 affiliation for the years between #k.D. grant
and 1972. Such episodes constitute a small pegeotfathe employment spells in the overall database
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the later of: (i) the time that he or she is issued a Ph.D. degreg tloe (fear 1961, when the first ever
biotechnology company was establisliexl individuals who are known to be in academia and have yet
to engage in commercial science are right-censored at: (i) the daduzlry 2002, or (i) the (assumed)

age of 65

We use a modification of Cox’s (1972) proportional hazards model that adjuiie fase-
cohort sampling design. Specifically, I&t) be a vector of covariates for individuadt timet. Individual

i's hazard can be written:

At Z) =@ i) (1)
where
() = exp 5 Z())] @

gives thath individual's risk score at time f is a vector of regression parameters, &(tjl is an

unspecified baseline hazard function.

Estimation off in a standard Cox model is based on the partial likelihood:
m Yi(t) exp[B' Zi(t)]
© N Yi(t) explB Z«(t)]

k=1

3)

whereY (t) indicates whether persokis at risk at andY/(t) indicates whether persorhas experienced
an event at. Equation (3), however, produces biased estimates if applied to case-canorhiabccurs
because including all events in a population and a randomly drawn sub-comaost¥) censored cases

causes the proportion of events in the dataset to over-represent theigmagfatents in the actual

" In unreported specifications, we also experimeniighl using 1976—the year that Genentech was fotaes the
starting time for treating scientists in the samgdebeing at risk for the transition to SAB membgrsOur results
are robust to this alternative definition of tinteriak.

8 We do not actually know scientists’ age, exceptfimpany founders and some scientific advisors aggime
that scientists are issued Ph.D.s at the age ah@0@emain in the risk set for a 35-year periodyrail they have
exited academia if this is known to occur first.
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population. This in turn results in an incorrect computation of the faslkses’ contribution to the Cox

score function.

To address this problem, biostatisticians have proposed a pseudo-lidedsgtonator. Letting
denote membership in the random draw sub-cohort, the pseudo-likelihood catidre wri
T Yi(t) exp[s' Z(1)]
©Yi(t)wi(t) exp[s' Zi(t)] + ZYk(t)Wk(t) exp[p' Z«(1)]

ki
keS

(4)

where thewi(t) andw(t) in the denominator are weights assigned to each observation in the,reskdse
all other terms are as defined above. The numerator of the pseudwlikk(eq. 4) is equivalent to that
of the partial likelihood (eq. 3). The first term in the denominator of emuédi) represents the
contribution of the failure cases to the likelihood and the second teresegps the contribution of the
randomly drawn sub-cohort members in the risk set. We use a modification aigidimg scheme
proposed by Barlow (1994). In it, the failure case weigtt) is always “1,” and the weights on the
members of the sub-cohow,(t), are 1 f, wherepy is the probability that membé&rof the matched
sample is drawn from the relevant populatma remains in our data set (see Barlow et al. 1999 for
additional details).

The purpose of the sub-cohort weights is to augment the contribution of ehelobservations
in the random draw so that the proportion of events in the case-cohort sampiklessthe proportion of
events in the population overall (or any true random sample thereof). To eppfarteach random
sample membék, we first calculate, for each discipline and degree-year sthetgroportion of the
population (all Ph.D.s issued in a given discipline in the focal year) thretligled in the random draw,
which we denotey. If no observations were deleted from the random draw from the UMI database (i.e.,
if all Ph.D. degree recipients obtained academic appointmeptspuld be the true weight. However,
attrition exists because only 40 percent of the members of the origin&44&8Eon random sample find

positions in academic departments.
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Because we possess rudimentary information about all individuals wh&led. degrees, we
can exploit the weighting scheme to adjust for selective entry intact@emic profession, conditional on
completing a Ph.D. prograrBpecifically, we know from the existing literature that women Ph.D.
recipients are less likely than men to be offered academic positioesdemnong selection bias. Using the
limited information available from the UMI database for the 13,564 medtsample members, we
estimated a probit model yielding the predicted probability that p&risoselected into the final matched
sample as a function of: gender, degree year, and prestige of Ph.D.-grssttingon. We label this
probabilityy,. The probit model indicates that male graduates from highly ranked utiégease most
likely to secure academic positions, thus entering the final, matched s&ibi¢his predicted
probability, the conditional probabilify is then the product @i andyy. Since the weighty(t) applied to
each membek is the inverse of his or her probability of reaching the final nestdfample, including;
augments the leverage of the matched sample members who are mosb kik&ite from the dataset;
namely, female graduates of lower-ranked universities. With caséte@dded, a jackknife robust
variance estimator based on the estimated effect of deleting eachatibseirom the analysis is used to

obtain unbiased standard errors.
V.C Variable Definitions

We consult a number of data sources to create covariates at the individiveork-, and
university-levels. All time-changing variables are updated dlynaiad are included in the regression as

one-year lags.

V.C.1Individual Level Variables. The gender of each scientific advisor and member of the control
sample was coded based on first names. The literature on naming cmrs/eanggests that gender is the

primary characteristic choosers seek to convey in the selectiomeof igames (Alford 1988; Lieberson

° A few different weighting schemes (Prentice 1986lf and Prentice 1988) and variance estimatore haen
proposed (Prentice 1986; Therneau and Li 1999j @ofk models to case-cohort datasets. Simulatiogies using
the different weighting schemes and variance estimadave yielded consistent results, particulathgn the size
of the control sample is large, as it is in ourecas
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and Bell 1992). We were able to confidently identify gender for 98 percem stientists in our data,
either based on first names or from web searches. We have assumed tattatswith androgynous
first names are male. Most of the gender-ambiguous names belong to-fwyeiggtientists of East Asian
decent. Given the well-documented gender imbalance in science educateseigdhntries, we think it

reasonable to assume that these individuals are male.

Previous studies have reported that highly accomplished scientistestrikely to participate in
commercial ventures (Audretsch and Stephan 1996; Zucker et al. 1998; Sharmeierk003), and
we expect to reach the same conclusion. We thus include a number of timexghmegsures of
scientists’ professional achievement. First, we produce an aynpalated count of each scientist’s total
publications. Second, we include the cumulative number of citations receiesatibcientist’'s papers,
again updating this quantity each year. The Web of Science databasessinepicgal citation count for
each published article at the time we downloaded these data. Thus, we knotal thember of cites
garnered by all articles in our database between the date of publicaticalandar year 2002. However,
to compute annually updated citation counts we need to know the total numbeti@isgach article
has received up to any given year. We thus must distribute each papecgaotals backward through
time. We do so assuming that the arrival of citations follows an expdndistrédbution with hazard rate
(i.e., inverse mean) equal to 0.1. The bibliometric literature sugipadtsitations accumulate according
to an exponential distribution (Redner 1998), and this is true of the typal jpeour database. We
identified the specific parameter, 0.1, by manually coding 50 randomly skfegters in each of three
publication years: 1970, 1980, and 1990, and then choosing the parameter that yidddstftht the

actual time path of citations to these randomly chosen p%aopers.

%\e also considered an alternative procedure &iriditing 2002 citations backward in time. We esged the
actual annual citations received by the 150 sampégxbrs on publication year and year-squared. Stmated
regression equations were: (i) 0.059 +0.078*pub¥e@d2*pubyedrfor papers published in 1970; (i) 0.02
+0.11*pubyear-0.003*pubyeafor papers published in 1980; and (jii) 0.06 +0pLbyear-0.009*pubyearfor
papers published in 1990. The two allocation meshgelded highly correlated measures and identesllts in the
regressions.
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Third, we compute the (time changing) proportion of a focal scientist'sp&gevhich he or she
was thdastauthor. By convention in the life sciences, the head of a research groupeedbepposition
of last author on papers published by the group. Studies of authorship order in bidbmnesaiarch
conclude that last authors’ intellectual contributions to joint reesre sometimes less than those of first
authors, but last authors provide crucial resources (e.g., laborat@ssato collaborative endeavors
(Shapiro, Wenger, and Shapiro 1994; Kempers 2002). Scientists with adggkricy of last-authored
papers will thus be visible in their fields. We expect that these steewill elicit more commercial-
sector opportunities. Moreover, since productive scientists that &iegdresearch labs are highly visible,
we expect that having a high proportion of last authored publications will hgreai@r effect on the

transition rate for women scientists.

Finally, the regressions include a time-changing dummy variable esddd if a scientist is
listed as an inventor on one (or more) U.S. patents prior to a given yearsticases, patents for
scientific findings produced in university facilities are assigodddividuals’ employers, but list
contributing scientists as inventors. We sorted all U.S. patentslisswe 1963 by inventor name to
identify individuals in our career history data file, and then used intman scientists’ affiliations to
delete extraneous matches. Given their visibility in industry, we egpamtists who have patented to be
more likely to receive invitations to join SABs. As we discuss belowala@ exploit the patent covariate

to distinguish among scientists regarding their level of interest sujmg private-sector opportunities.
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V.C.2 Co-Authorship Networks. Having downloaded all papers written by scientists in our sample, we
can trace a large section of the evolving co-authorship network inghszignces. Assuming that co-
authorship ties represent reasonably strong relationships betwedistgigve can utilize these data to
derive proxies for the amount of information about commercial sectortopg@s available to scientists.
Although the co-authorship network admittedly provides an incompletgeimiascientists’ portfolio of
connections, it offers the primary benefits of being traceable backwande, and available for the full

population of academic scientists.

We distill two measures from the co-authorship network. The first &ithor’s degree score, or
the total number of unique coauthors with whom a scientist has collaboratediualiwith higher
degree scores are more likely to have direct and tertiary ties ta@tsothtat could refer them to firms
searching for advisors. Second, we count the number of academic entreprenéwiddals who have
previously (prior to a given year) made the transition to found or adviseeglimaiogy firm—uwith
whom a focal scientist has one or more co-authored publications. In experintardgferent
permutations of this covariate, we have found that it is most meaningfalwsdneestrict coauthorship
ties to those relationships that were in plaefrea focal scientist's coauthor had made the transition to
commercial science. We label this covariate “primordial” tieadademic entrepreneurs and assume that
strong connections to scientists who have already entered the comnpreral will abet the transition

of a focal scientist.

V.C.3 Work Context Variables. We include two university-level control variables, which are updated
over time when individuals switch employers or the values of the ed@archange. First, we obtain
founding dates for all university technology transfer offices fromAdsociation of University
Technology Managers (AUTM) surveys. A time changing “TTO” dummy veagigbtoded “1” in each
year in which the university employing a scientist has an active tiegjynmansfer office. Because the
mission of all TTOs is to expedite the commercialization of uniyeosined intellectual property, we

expect the transition rate to be higher at universities with TTOs.
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Past research has found that elite universities seed more startup engrahhave more
commercially active faculty than do lower status institutions (Sinan& and Di Gregorio 2002). To
capture the prestige of a scientist’'s employer, we collected Gauan&ings for all institutions that
appear in the dataset. Rather than using the overall university rankingJuege itie ratings for the
biochemistry department, as this discipline has spawned the graatdstr of commercial life scientists
(and hence is the modal discipline in our dataset). Continuous rank provedmainferin the
regressions, so we collapsed the scale and dummy coded universitiggngcimwhether they occupy

one of the top 20 ranks.

V.C.4 Additional Controls. The regressions include two variables to accommodate time-reletages.
First, we construct an indicator variable coded as “1” for all yeans {@i1980. This was a watershed
year for the development of the biotech industry. Specifically, a lahkdBwgpreme Court decision
(Diamondv. Chakrabarty established the patentability of bioengineered life forms and a biotegynol
firm founded only four years earlier, Genentech, had an attention-grabltiabpablic offering that set a
record for the fastest increase in stock price for an IPO, from $35 ahgffe $89 in only 20 minutes.
These events considerably augmented the investment community’stimesg@nsoring biotechnology
firms, and a significant number of firm foundings ensued in subsequent yearsthEnesvere many
more opportunities to join SABs in the post-1980 per&etond, we include in the regressions the year
in which each scientist’s Ph.D. degree was granted. This variadieesl to adjust for the fact that

transition rates may vary with the stage of development of thechimtéogy industry.

VI. Results

We begin with descriptive statistics. Notably, only 49 women are listedeagific advisors,
representing just 6.8 percent of the total number of academic sciantlsissrole. In comparison, almost
one fifth of the matched sample is female. With numbers so disproportibmatesurprising that a log-
rank test shows that the survivor functions for men and women are une<u@0001).

***|nsert Tables 2 to 4 about Here***
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Table 2 describes the gender composition of the random sub-cohort, broken oetymafiv
intervals based on the year of Ph.D. grant. Consonant with publishedcstdNSF 1996; CPST 1996),
the proportion of Ph.D. degrees earned by women in the random sample incgraBedrgly over time.
Before 1975, 14.8 percent of the members of the random sample were womeand&v@ and 2002,
women received 25.8 percent of the Ph.D. degrees granted in our'SaAifHieugh not broken out in
the table, however, when we disaggregate the data to examine gender compo#tie level of
individual disciplines, we observe considerable variation in gender campaatross the subfields
represented in our dataset. For example, in the decade from the middlecl®®0siddle 1990s, 39.8
percent of the Ph.D.s granted in immunology and 34.2 percent of those awardealoahigy were to
women; by contrast, only 17.8 percent of the Ph.D.s in biophysics and 9.4 percent of tdheseical
engineering were earned by women.

Table 3 reports means for the human and social capital variables different cross sections of
scientists’ tenure, broken out by gender and again only focusing on the menthersanidom samplg.
In examining these data, it is important to keep in mind that all of the rdpoe@ns condition on a
scientist’s publication count being greater than zero (because of amce=bn bibliometric data to
determine which Ph.D. graduates obtain academic appointments). Although it éyuhigt there are
many scientists at research universities with zero publicatioase are scientists in teaching positions
who have not published. To the extent that teaching positions are dispropdstibetdy women, the
mean scores for the performance measures of female scientidie Wiélsed upward in Table 3.

The univariate statistics in Table 3 are consistent with thenfysddf past studies: women

scientists exhibit enduringly lower levels of productivity than ment,rirsmen publish fewer papers

™ Our interview sample shows a similar gender pedditross different faculty cohorts.

2 The relative standing of women scientists in Tableould decline substantially if we presented ¢hststistics
for the overall dataset, instead of just for thed@m sub-cohort. As Table 2 shows, most of thensifie advisors
are men and, as we will demonstrate shortly, ondtstey professional achievement is highly predictif¢he
transition to commercial science. Therefore, ghsious that the gender imbalance in performandgicsavould
increase substantially if we were to include thend\set in the data used to generate the statistitable 4. To
facilitate comparisons to other studies, we reff@tTable 3 statistics for the random sample only.
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than men; the female-to-male ratio of cumulative publication countairtat each tenure cross
section. Similarly, women scientists receive fewer overalligita than do men. Our data also include a
number of measures that have not been extensively examined in the past, ae ohthdse
dimensions too, women scientists appear to differ from men. Among these, thegnifisiant disparity

is in patenting: women scientists are far less likely than men to &ée &istinventors on patents. There is
also a significant gender gap in the proportion of last-authored papeesseraitists’ are considerably
more likely to be listed as the last contributor on their papers. Women atse &&wer co-authors
throughout their careers, although the gender difference on this vasiahtghi.

There are two covariates for which there is parity across gendsy.tk@ number of co-
authorship ties to scientists who have previously started or advispbfarbiomedical companies
shows no consistent gender difference across the five tenure cramssse&cond, when citations are
examined as a per-paper average instead of a total count, there dsffétience between the two sexes.

Multivariate results are presented in Table 4. Following the edifeussion, the estimates we
report adjust for the case-cohort sampling design using Barlow's (&8&#pd. Model 1 includes only
the time period and gender dummy variables, model 2 adds human capital esvaratel 3 reports the
co-authorship network covariates, and model 4 reports employer levateong with controls. The
parameters on the “Prior to 1980” dummy variable and “Year of Ph.D.” (motieM2)the expected,
negative signs. The time-changing human capital variables, number of papksked, number of
citations received, and the dummy indicating whether or not the stieraisinventor on one or more
patents are all strong, positive predictors of the likelihood of joiningE S

Considering magnitudes, moving from “0” to “1” on the patent dummy has a veeydHegt—
the estimated multiplier of the baseline hazard rate is approxin®a#lThis covariate probably jointly
captures the effect of scientists’ levels of interest in ceroral work, the extent to which their research
has commercial applications, and their visibility in industry circlekewise, a standard deviation
increase in proportion of last-authored papers also multiplies the hdzeadsition to commercial
science by a factor of 1.7 (=exp[2.286 x 0.243]), and a standard deviation incréeseumber of

citations garnered by a scientist augments the hazard by a factor of 1.3 (©&xp{ 19.3]) . Consistent
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with the findings of past studies (e.g., Zucker et al. 1998), the piiemerge from the individual-level
covariates is that academic entrepreneurship is concentrated dra@uientific elite.

Turning to models 3 and 4, scientists who have collected a greater numbeuthors
throughout their careers are substantially more likely to becomeraicagletrepreneurs. Individuals who
have co-authored one or more papers with an academic entrepreneurtpedirte the coauthor joined
a SAB or started a company transition at a rate about 2.5 times as higbeawltlodack connections to
academic entrepreneurs. The university-level (employer) vasattéo perform as expected. Holding a
position at a university with a top-20 biochemistry department acceddis rate of transition to
commercial science by a factor of 2.4. It is notable that in models tlatrador departmental prestige,
the dummy variable indicating that a university has a technology trai8te is insignificantly different
from zero.

The descriptive statistics in Table 3 show that the women s¢geimtisur dataset have fewer
patents, papers, last-authored papers, citations, and co-authors at eaxcstageehan do men. Even
after controlling for these variables and the prestige and commeteiaiadion of a scientist’s university
employer, we find a large gender difference in the hazard: estimates effect of the gender dummy
variable range between —0.87 in the unconditional results (model 1) to —0.6@eh4nwhich conditions
on human capital, social capital, and employer characteristics. Thisteasnato a per-unit-time hazard
rate for male scientists that is between 1.8 and 2.4 times higher theamiigon rate for womeH.

Models 5, 6, and 7 add nuance to the effect of gender on the transition rate by including
interaction terms between the “Scientist is female” dummialbbe and six covariates: “Total publication
count”, “Percent last-authored publication”, “Count of coauthors”, “Primorgialtd academic
entrepreneurs”, “University has a TTO”, and “Employer Prestige”. Exammodel 5 first, there is no

evidence of a difference in the effect of publication counts acrosexas. However, we find a robust,

31n an unreported analysis in which we treat SABsitions as repeated events (141 scientists ideatsewere
members of multiple public company SABs), we foanslightly more negative gender effect. Of courgecannot
generalize beyond these data, but this result siggeossible cumulative disadvantage for womemwheltiple
forms and repeated episodes of commercial partioipare considered.
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positive interaction between female and percent last authored publica@sed on our interviews and
the literature on gender and careers, we have proposed a possible expfan#tis effect, namely that
objective indicators of performance matter more in creating opportufutiesit-group members. This is
supported by comments from some of the women we interviewed that held seniostidtviaipositions,
a few of whom noted that offers for SABs arrived after their taking egetholes. Although we do not
have data on assumption of administrative positions, there is evidehst&dhg academic credentials
(running a productive lab) appear to particularly facilitate women ssig'rtiansition rates.

Four interaction effects are reported in model 6. First is an interactiwediethe gender dummy
and our primary proxy for a scientist’s social capital, the cumulative numbeaothors the scientist has
accrued. The positive, significant coefficient reveals the exp&dtect: the slope on the social capital
covariate is greater for women scientist. A plausible interpoataf this result based on our interviews is
that network connections matter more for women because of their lower lifyeitiihe business
community, and thus their greater reliance on referrals, support and eygoard from within their
close academic community for invitations to participate in commeseizthbr opportunities.

The next finding to note is the large, strongly significant intera@ftect between female and
having previously coauthored papers with an academic entrepreneuresitiss consistent with our
expectation that being in a direct tie network conducive to generatergate is more important for
women faculty than for men.

Turning to the affiliation-level interactions, the “Scientistamale”-by-“TTO” term allows the
effect of a scientist being employed at a university that has a teghricansfer office to vary with
gender. The insignificant main effect on the TTO covariate in model 6,embwith the positive,
significant interaction effect demonstrates that, net of the humarmlcapit social capital controls, formal
institutional support for technology transfer has a statistically sgnif effect on the transition rate to
commercial sciencdyut only for women scientistd he hazard ratio in model 6 formed by comparing
male scientists at universities with TTOs to those at uniessvithout TTOs is not statistically different
from zero.) Model 6 thus shows that women scientists appear to be much more ratianéthon formal,

institutional support to garner commercial sector opportunities.
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The last result in model 6 is unexpected: the interaction between “stisritmale” and “top-20
department” is negative, indicating that employment in an elite deparbmesiis the hazard of joining a
scientific advisory board more for male than for female scienfibes parameter estimates imply that
male scientists in top-20 departments have a hazard that is 2.5 (=exp[0.9¢8hitymer than men in
lower-ranked departments. By contrast, comparing a female scientistyeh@it a non-top-20
department to one holding a position at an elite institution, the woman in the topa@hnt has a
hazard that is only 1.2 (=exp[0.910 — 0.694]) times higher than her counteigpérivatr-ranked
university. Put differently, since men experience a larger bodseiadtimated hazard for being in a top-
20 department than do women, the magnitude of the gender gap in the transitiocoatenercial
science is greater among faculty members in prestigious departimemisis among scientists in lower-
ranked departments.

We had expected to find that a high status university affiliation corlggitsnacy to scientists
wishing to participate in the commercial sector, and that the cetttfn of a high status affiliation would
be most valuable for creating opportunities for women scientistthél extent that this process is at work,
forces operating in the reverse more than counterbalance it. One possdiisdggested by our
interviews is that as commercial science was initiated, @psoof cumulative disadvantage may have
developeddf. Cole and Zuckerman 1984). While some male faculty became central actomrsmeicial
networks, women rapidly became peripheral and lacked the relevant agpelée suggest that this
process may have occurred most rapidly in elite universities becalmegveaiter opportunities at these
institutions for male scientists to become entrepreneurs.

Wrapping up the discussion of Table 4, model 7 reports the full models withtadl imiteraction
effects. The results are unchanged from the previous regressionsrigjralthough not reported
separately, there are only modest changes to significance levels gmituishes of the coefficients for

each of the interaction effects when they are individually added to the mspletifcation.
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VII. Alternative Explanations of the Gender Gap
Our archival analysis leads us the conclusion that women stdeanissubstantially less likely to
transition to SAB membership. The results, though, raise the question of thenisets of causality:
Can the gender difference in SAB patrticipation really be attributed to @&yafiopportunities for
women scientists to work with companies? In particular, there are atieaalternative (but closely
related) interpretations of the results that require invegiigagirst, there may be supply-side factors that
deter women from pursuing commercial science; it is possible, forpd&athat women scientists are
simply less willing than men to allocate their scarce time to compzheatramural activities such as
patenting, consulting, joining SABs, or founding companies. If this is the casgelder gap may be a
manifestation of differences in individuals’ desire to participatsommercial science, rather than
demand-side factors that shape the allocation of opportunities. Secemhssible that, net of
differences in the volume and impact of scientists’ publications, thayeyet be gender differences in
the contentof research. If female life scientists develop research strwanare less relevant to questions
of interest to commercial enterprises, then the estimated gender gée apgparent differences in
opportunities may be spurious. We consider each of these possible akeematanations.

Many studies have found that, relative to men, women in the full-time woekéssume greater
family responsibilities (e.g., Hochschild and Maschung 1989; Robinson 1996).i&ylgdifi the context
of faculty careers, there is direct evidence that having a fatatgrs women from entering the profession
(Xie and Shauman 2003) and, among those already in the field, shapes how faguigrsralocate time
(Bellas and Toutkoushian 1999; Jacobs 2004; Jacobs and Winslow 20044, b). Analgzfnond#te
National Study of Postsecondary Faculty (NSOPF), Jacobs (2004)Hatdsdle and female full-time
faculty work, respectively, 54.8 and 52.8 hours per week. Although there are ddedrigh rates of
non-parenting and non-marriage among women faculty, slightly less than tredfwémen assistant
professors in the NSOPF data do have children, and women faculty (bugmjotvith children at home
report working fewer hours per week than their male peers (JacobsiasiowW2004a, Table 6). In
addition, a very large fraction of the married female faculty mesri@ve spouses with full-time jobs.

Therefore, married female faculty are less likely than married mmkave a spouse at home, and married
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women with children are more likely to have significant family-edaime commitments. Put simply,
female faculty may have both greater non-professional time comm&rmaedthigher household incomes
than men.

If most faculty members allot long hours to their primary jobs and ifevfaculty have income-
earning spouses and extensive responsibilities at home, then an akezrptanation for the gender gap
we have documented is that women simply are unwilling to devote their Soaede tommercial
science. Indeed, the challenge of balancing work and family demands diih arie®v of our faculty
interviews; two of the women we met declined opportunities to join agMsxards because they lacked
the time. One woman state@ touple of people have approached me and we have chatted ...| am very
busy, with administrative work and two little kids ...and | try and keep mgl mavthe limited side. |
have done some text book writing and I find that that is the thing | enjogdrnsteommercialization”A
second woman recountétlwish | could legitimately devote my time to it [start-up] would love to see
how this plays out ...but for me the timing problem is a combination of the balancofgawily and my
administrative role —if | totally got rid of my admin job, or my lab or my fattaughs) then | could do
it... perhaps the others [men] manage because “they are far more organizedaifméi |

What data can be marshaled to adjudicate between supply- and demand-+gdsatitns of the
findings? Although a small minority of the women we interviewed did citéyasommitments as one
reason for not working with companies, we find that the balance of the eidksts on the side of
exclusionary processes that deny the majority of women compelling opporttoriteesnmercial work.
To reach this conclusion, we present three supplemental analyses thiggtghen the issue, in addition
to the patterns of interaction effects demonstrated in the ségme¥' First, we compare the professional
age distribution of time at SAB transition for men and women; second, egsaskether the magnitude
of the gender gaps differ for patenters and non-patenters; third, @stigate gender differences in the

content of scientists’ research, specifically the likely appestientists’ work to industrial firms. And

14 Unfortunately, we lack information on faculty meeny’ marital and parenting status except for owitative
sample. Needless to say, our analyses could be maohdirect (and convincing) if we had such data.
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because our interpretation of the findings from the archival analy$esvily influenced by what we
learned in our interviews, we conclude this section with some additioékd#tfaculty views of the
mechanisms that give rise to the gender difference in academiprengarship.

Unlike the dimensions of attainment examined in much of the literature onrgtradigication in
scientific careers, the typical scientist in our sample does nogemgaommercial science until
relatively late in his or her career. For scientists who do join SA8lsle 5 presents the distribution, by
gender, of the professional age (measured as years since Ph.D.) at whidhaisljoin their first SAB.
Among the 49 female SAB members, 42 transitioned eleven or more yearbeaftebtained their Ph.D,
with the hazard peaking in approximately th& g96ar after the Ph.D. Assuming that life scientists obtain
their doctoral degrees at an average age of 31 (Jacobs and Winslow 2004aygbsts that the times of
highest risk are between 46 and 56 years of age.

The age distribution of first transition is relevant to the issueboirlaupply because, in the
majority of cases, we believe that opportunities to join SABs wikaat a life stage that follows the time
at which most (but not all) women have young children. In addition, if responsghdithome do
interfere with women scientists’ participation in SABs, we might exizeabserve that, among SAB
members, the distribution of ages at failure time for women will Heedhio the right of that for men.
However, the data in fact suggest that transition times areinglisghable by gender; a two-sample
Kolmogorov-Smirnov test for equality of the distribution of tenure a¢ tofirst SAB cannot reject the
null that male and female scientists join SABs at similar catages (D = 0.119, p-value = 0.538).

While the similarity of the age distributions is suggestive, is fakll short of being conclusive.
In particular, if the population of women scientists is segmented bydéimkrest in joining SABs, it
remains possible that, when selecting on SAB members, we merely obsesimilidndty of transition
times among typical male scientists and the subset of highly irgénesimen. To precisely determine

whether the gender gap in SAB membership persists net of differenceminsss interest in joining

15 Note that the Kolmogorov-Smirnov test is perfornoecthe distributions of failure times defined ofty those
that have transitioned. As noted previously, theisal functions vastly differ by gender.
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boards, we would ideally compare the (conditional) hazard rates for maienaale scientists that are
interested in commercial-sector work. Otherwise, if a large prapoofithe women in the data prefer not
to join SABs but most men do seek SAB positions, then our empirical reslilbveviéstimate the true
gender difference—at least the component of it that is based on diffefarthe opportunity structure.
This is because many of the women included in our risk set will have (unknownselftselected out of
consideration for commercial positions.

Although we cannot directly observe whether the scientists in thedatnterested in joining
SABs, we do have a reasonably good expression of interest for certain seffibersample.
Specifically, 14.6 percent of the scientists in the data are listedexsans on patents assigned to their
universities. Because a scientist’'s university is unlikely togppatent protection for research discoveries
without the willing participation of the faculty inventor, being listed on &ensity-assigned patent
reveals that a scientist has a genuine interest in exploring the coi@raspects of his or her research. If
we examine the magnitude of the gender difference among only those tcteatisiold one or more
patents, we can reasonably assume that our estimate of the gendendjéplisto be explained by inter-
scientist differences in commercial interest. Thus, if the gapdast male and female patenters parallels
that between male and female non-patenters (i.e., if the interattect is the null so that the conditional
gender gap for women patenters is equivalent to that for women in generalpuld take this as
evidence against a willingness-to-supply-effort-based explanatieghd@ender gap.

This analysis appears in the final model (8) in Table 4, in which weoatié full model an
interaction between female and one or more patents. Although the estimatetcobédr the interaction
effect is positive, which does suggest that the negative effbeting female is partially offset for women
with patents, the coefficient is nowhere near statistical sigmi€ie’® This result indicates that the gender
gap in SAB participation persists even among faculty members that bhe likgly to be interested in

commercial science.

1% 1n an unreported estimation, the female*patertustanteraction remains insignificant even if welexe all other
interaction terms in model 8.
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The data archive also permits us to examine whether there are notabledifgadgrces in the
contentof scientists’ research programs. It is naturally the case thatrcareas of scientific research
have greater commercial value than do others. If women scientists ogeaaegdess interested than men
in working with companies, we might expect to observe a division of laborentsid effort: male
scientists will naturally migrate some of their research towardiquesof commercial interest, while
women scientists will not. To assess whether this has occurred, egdmarated a (admittedly coarse)
measure of the extent of “commercial content” of research: followimg(RD04), we constructed a per-
paper average Journal Commercial Score (JCS), which is computed by ngeegitipaperby the
proportion of corporate authors that have published in the correspgodingl. For example, 95% of
the authors irfCell in 1997 had not-for-profit affiliations; hence it receives a JCS of @0t year. In
comparison, Chemical Engineering has a JCS of 0.85 for the year becatsé4us its authors reported
academic or government affiliations. The result of the compasigggests very minor gender differences.
The male and female means and standard deviations of the JCS arelyedgp@@76 (0.056) and 0.074
(0.052). While the mean JCS for men is statistically higher than thabfoew (=3.14), the magnitude
of the difference—0.002—is extremely modest (less than 3 percent of the Base on this measure
at least, we conclude that there is no notable gender differencecioningercial content of researth.

Finally, for the interview sample we have detailed accounts of Jacdmbers’ level of interest
in joining SABs and of their self-perceptions of the opportunity stradtr working with companies.
Before concluding, we present some of the faculty perceptions that led us tecdmai the gender

difference we have documented is majority rooted in the opportunity stwattthe university-industry

" We have also generated an additional measureaftmmercial leaning of scientists’ research basedhore
fine-grained bibliometric information. Specificallwe constructed time-changing “research pateritgbicores to
measure the patentability of scientists’ reseascbhdmparing the title words of their articles tosk of papers that
have been used as the basis for previously issatedits. The (unreported) comparison of means snntigiasure
shows no significant gender gap (details of thissnee and the analysis are available from the asitimon
request). In addition, we performed (unreportedgtional logit regressions of scientists’ (i) reshgpatentability
score, and (ii) per-paper JCS. In these modelsnehaded variables such as calendar year and caiage
dummies, publication and citation counts, and eygri@haracteristics, along with gender. A scielstigender has
no effect on either of these measures of the cokiaieontent of research.



37

interface. These views are summarized in Table 6, which categohie replies of the scientists we

interviewed to questions that we consider to be particularly germahe $otrces of the gender gap.
***Insert Table 6 about Here***

Many women described their perceptions of having limited access to commnogportunities.
In truly stark contrast, none of the men were so opined. As Table 6 indicatelsald&B of 22) the
women we interviewed perceived a gender bias in the SAB formation prblezesve convey a few of
the beliefs these scientists expressed. We emphasize that thesare representative (and reinforcing),
but not exhaustive; we heard similar views from other scientists thabageioted here. A senior woman
in molecular biology statedtlfe [men] who had been my graduate colleagues in the lab did become the
founders of the company [with their advisor]...they were there around my.timemember at the time
thinking that’s interesting—why didn’t he [the advisor] ask me? But | haverrasked him why not.
Another person told us| lo suspect that commercialization is a boys club, just like everything
else...while men have no explicit gender bias they just tend to look at men hadge other meh.
Concurring with this opinion, a third reporté@here’s an interesting sort of comfort level... men are
doing most of the inviting...there’s a comfort level of interacting with msovgomen... ."A fourth
woman was particularly directl have never been asked to consult for a company, and other male faculty
I know do this routinely. | think there is plenty of empirical evidéhatthere is a gender issue here. In
general, there is a male-dominated faculty in [my field]. And | knowrthelf involved with firms... It's
not like I've been asked and turned it down. | know that my colleagues here and iplaxthe all
consult because they are quite vocal about it”.

Even among the few commercially active women, there was a sentimiethehanay represent
the exceptions that proved the rule. For example, one particularly sutcegsitist with some SAB
experience statetlall the particular individuals I've been working with have been wonderfudense no
gender issues at all but generally | have just become more aware of theser[geswks when | visit
places ... | see few women in these biotechs, and among the faculty | know stappiagie®anly one is

a woman-—the rest are men. [Interviewer: Why do you think this is?]tNéejeneral perception is that
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women are not entrepreneurial ... It's below the surface | think, a naturadtegido go to men. |
suppose | think it's a combination of overt prejudice and hidden bias. You knoverdwygie that
women are not entrepreneurial and men are tough enough to take it, respectively's justmno
tendency to think of women&nd, a few of the men we interviewed reinforced these views. Oree mal
scientist who had established several SABs described how certain highlyfisally regarded female
colleagues Simply didn’t have the presence that was required...it doesn't matter how@ctwd she
was she just didn't fit the paftAnother noted that his female colleagues seemeailling to express
their opinions in spite of their talent especially when it comes to alighsi\s beyond their expertise.”
Perhaps even more striking was the gender contrast in explanatioesl tiyefaculty who were
non-participants in commercial science. In the interview sample, 16 of 23 {@8fale and 10 of 22
(45%) male faculty members had never served on a SAB (Table 6). Although weaey pérceived a
lack of opportunity, it was, ironically, more common for senior men to attrtheie non-participation to
aconscious choicthat was related to the opportunity cost of time. (But, Table 6 showdlIthat ane
male and one female scientist that had received offers to join SABbepted them.) While men rarely
cited family responsibilities as the basis for their lack of timeny nonetheless attributed their decisions
to time constraints. For example, one senior male scientist recountedutse there are people who are
really plugged in and | never felt like | was really connected...but irethisonment | think the
opportunities are definitely there if this was something | would have wanted to havdédbHespend a
lot of time with studentsA second male biologist (with a number of family commitmentsediaiVhen
| think about starting a company, | think “what would | give up?” after all, | dom&rehave enough time

to do the things | want to do now”.

In summary, although the women faculty we interviewed were slightly msighiethan men in
their expressions of interest in commercial science (16 of 22 women wernestad, three with
reservations, versus 17 of 22 male faculty), we believe that theiégveevidence is most consistent with

the existence of biases that work against women who would prefer to do @mmercial-sector work.
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VII. Conclusions

The scholarly discourse on university-industry relations has prodaimeearrival of the
“entrepreneurial university” (Etzkowitz 2003) and an era of “acétleapitalism” (Slaughter and Leslie,
1997). It is likely that as the traditional norms opposing the privatizatianamlemic science erode and
federal funding for university research is further curtailed, rdvedttoward commercializing university
research will gain additional momentum. For this reason, it is impdgamderstand how opportunities
to participate in commercial science vary across the aserigtoups and social positions of academic
scientists. Such knowledge will be necessary for a thorough understandiragifiéation processes in

21* century scientific careers.

Our archival analyses show that women scientists are much leggtizalmen to join the
advisory boards of for-profit biomedical companies. We have also demonstate@&the conditions
under which the gender gap in commercial science participation raites. vaur results indicate that the
gap is lower among the most accomplished and best networked scientistst @nsl thare modest in
universities that have formal technology transfer offices. An unexpéaotiing is that employment in a
high-ranking academic department increases the rate of acaderegreneurship for men more than it

does for women, thus establishing a gender gap that is greatest in tugldstaartments.

The statistical analysis we have presented cannot provide a defamswesr to questions of
individuals’ underlying motivations. However, when interpreted in thHd tif findings from our
interviews and with supplemental empirical analyses reported in s&dtjame believe that the
conditions under which the gender gap arises are more compatible withraiobthstsed explanation,
albeit one that is tempered by some differences in intrinsic infaresmmercial science on the part of
female faculty. We believe that three insights from our anahgeforce this claim. First, the finding that
measures of professional achievement most strongly impact women facolbensecommercial
participation is suggestive of external constraints on commeroggicgeimposed by perceptions of the

illegitimacy of out-group members. Likewise, the result that women are likely to be aided in their
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transition to commercial science when they coauthor with someone alszaimhgn a SAB also
suggests that close relationships to commercially oriented actors oesrtaiitional out-group biases.
Second, the result that formal institutional support from a technolagsféraoffice acts only on the
transition rate for women scientists is consistent with the consnoéfémale faculty that suggest they
are hampered by a lack of contacts. Once structures are in place to ovéreiomadative lack of
commercial experience and broker their scientific expertise, womemn toegarticipate in the
commercial process. Third, in our interviews, we found strong paralléie attitude towards
commercial science among male and female untenured faculty. Withvibat ¢chat few of these faculty
have yet to achieve the status that would afford them frequent SABimv#athis does suggest that
young male and female faculty have similar perceptions of the impertdrmommercial science and do
not articulate gender differences that are consistent with an idtex®st explanation of the observed
gender gap. These findings are underscored by the fact that very few wonmterwewed had turned
down SAB opportunities. If the limitation on commercial science was purely loase different appetite
for commercial sector work, we would expect to have been told of many decitations among

women scientists.

Despite our beliefs and the evidence that we have been able to as#eisblelear limitation of
this analysis that we are unable to directly account for supply sidienatory factors in the archival
analysis. If we and others are correct in our forecast that univegsitlty will increasingly wear dual
hats as academics and entrepreneurs, it will be quite importantttodaselop a richer understanding of
the precise mechanisms that give rise to the gender imbalancey,|dealty data will become available
that include information on family status and indicators of faculrést in and involvement with
commercial science.

The analyses have other limitations as well. One issue is thedistgbpe of our fieldwork,
which is not representative of the archival sample. As we notediedhlg paper, our decision to
interview scientists at an elite institution was driven by the fatfalcalty at high prestige institutions

hold a disproportionate share of SAB memberships. Still, our qualitatigdisgire doubtlessly shaped
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by the distinctive characteristics of the research institution weiggdrOne worry in particular is that
the women faculty at the interview institution tend to be exceptionatlec oriented. In consequence, it
would not be surprising if their eagerness to participate in commecaks overshoots the population-
wide level of interest.

Another concern is that we were able to obtain background information arigh#fie advisors
only for relatively successful biomedical companies. The inability to sedaia on firms that fail at an
early age is a perennial problem in research on small firms, arzhi¢ iiat hampers our study. It thus
remains possible that the implicit selection on the performameédénew companies serves to elevate
the magnitude of the gender coefficient in the regressions we estinugedlour interviews bear out the
fact that at least in one elite school, the preponderance of SABtioni received by female scientists
were from small startups with limited venture backing rather than ¢fepnofile companies founded by
serial academic founders with high status venture backing.

Nevertheless, for the one school we examined, the magnitude of the gendemgiaed
substantial even when these unsuccessful firms were included in oggismabviously, we are unable
to directly address this issue on a large scale. Although we think it enpdnbwever, we note that the
basic conclusion that there is a significant gender gap in acadeemtss’ attainment of supplemental
income in the commercial sector would remain substantively unchanged. & moajority of the
compensation derived from participating in early-stage companies comesanrthof stock ownership,

the payouts from new ventures that fail before reaching public statabrarst certainly small.

We conclude by suggesting one area of research that merits furth¢igetves as a possible
source of gender differences in access to commercial science oppesturtiere are a relatively small
number of prominent (male) university scientists who are hubs in both the biaiadustry and in the
academic co-authorship network. These individuals, a few of whom hawwsiaddvised more than ten
companies, likely play a prominent role in assisting students and co-ainthioesransition to
commercial science. In fact, a number of these men are both prodigiougppattiéh commercial

science and extraordinarily active graduate student advisors. Tiseraésevidence as well in our data
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pointing toward the emergence of gender homophily in the co-authorship neiMloek coupling these
bits of evidence with Long (1990), which documents that female Ph.D. studente$mpedductive and
less prestigious mentors than do male students, it is possible that défedences in the connectedness
of thesis and post doctoral advisors and coauthors account for some efidee gap observed in our
analysis. We believe that fine-grained, longitudinal investigatibtizearole of mentoring and the
transmission of advisor contacts to favored students may be a promisiraf arguiry for understanding

group differences in opportunities for commercial science.
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Table 1
Descriptive Statistics for Interview Sample
— Means by Gender

Male Female

(n=22) (n=22)
PhD Year 1985.3 1986.5
Publication Count 91.45 55.45
Publication Count per Year 4.05 2.61
Citation Count 3431.73 2673.18
Citation Count per Paper 36.75 40.91
Number of Co-authors 131.77 90.45
Number of Collaborating Institutions 32.77 22.82
Pct. Joint Industry Publications 17.30% 5.68%
Number of Industry Collaborators 5.05 2.00
% Faculty with Patents 72.73% 22.73%
Patent Count 7.05 1.32
Patent Count (patenting faculty only) 9.69 5.80

Legend: Rports the mean values of a range of huanmdrsocial capital
covariates broken our by gender for the interviamgle.



Table 2
Percent Female Ph.D.s in Matched Sample
at Five-year Intervals

Period Female Male
1941-1945 4 (9.1%) 40  (90.9%)
1946-1950 6  (10.9%) 49  (89.1%)
1951-1955 14 (10.0%) 126  (90.0%)
1956-1960 30 (16.3%) 154  (83.7%)
1961-1965 47 (11.2%) 374 (88.8%)
1966-1970 121 (15.0%) 683  (85.0%)
1971-1975 185 (16.8%) 916  (83.2%)
1976-1980 203 (19.5%) 839  (80.5%)
1981-1985 154 (28.3%) 390 (71.7%)
1986-1990 176  (30.5%) 401 (69.5%)
1991-1995 89 (35.7%) 160 (64.3%)

Legend: Rports the gender composition of the rargainawn
matched sample, broken out by 5-year windows dDPyear.



Table 3 Mean Values of Human and Social Capital Covasiate
at Five Professional Tenure Cross Sections, by &end
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5th Year 10th Year 15th Year 20th Year 25th Yea

Male Female Male Female Male Female Male &em Male Female
Publication Count 4620 3791 10975 8632  17.716 13671 22380 18.388  25.803  20.777
Citation Count 4590 3876 17373  139.06 35333 27059  513.16 40078  629.44  468.25
Citation Count per Paper 8285 8222 13368 13576 16111 16361  17.717 18.069  18.276  18.170
Pct. Last-authored Publication 0,123 0.094  0.194 0141 0242 0178 0275 0203 0295 0213
Patent Count 0116 0021 0323 0050 0587 0066 0740 0082 0820  0.100
Count of Co-authors 9.001 8598 12709 11623 15498 14175 16380 15751  16.961  15.758
Egﬁgg;’e“r?e'ﬁfsto Academic 3433 0047 0086 0085 0119 0135 0134 0175 0161  0.127

N 4131 1029 4031 971 3744 835 3332 670 2751 488

Legend: Rports the mean values for the human atidlsmapital variables for scientists in our randonatched cohort, reported at five different levafls
professional tenure (5, 10, 15, 20, and 25 yearedPh.D.), and broken out by scientists’ gender.
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Table 4: Case-Cohort-Adjusted Cox Regression Models of Transition to SAB

1) (2) 3) 4)
Trend Controls
L _ -4.158 -4.780 -4.849 -4.902
Year is prior to 1980 (=1) 0509  (0.542f  (0.547f  (0.546f
Individual Level Variables
Gender (female = 1) -0.865 -0.703 -0.643 -0.594
- (0.221y (0.228) (0.230Y (0.207Y
-0.042 -0.048 -0.054
Ph.D. degree year (0.009§" (0.009§ (0.009§"
o 0.009 0.001 -0.0003
Total publication count (0.0015 (0.001) (0.001)
- 0.015 0.015 0.015
Total citation count (0.002 (0.002)" (0.002
1.310 1.393 1.333
Inventor on one or more patents (0.151§ (0.151 (0.157§
2.286 2.450 2.482

Pct last-authored publication (0.272 (0.261)" (0.2545

Network Variables

Count of co-authors (()Oogglj (%%%%

Count of primordial co-authorship tie to academic 0.906 0.909

entrepreneurs (0.252Y (0.239
Institutional Level Variables

Employer prestige (=1 if top 20 department) 0871 .

(0.128)

University has technology transfer office C()ozfgSj
Log-Likelihood -8779.6 -8254.0 -8134.3 -8066.5
e 80.69 385.23 497.04 556.88
d.f. 2 7 9 11

(Continued on next page)
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©) (6) ) (8)
Trend Controls
. _ -4.909 -4.938 -4.937 -4.934
Year is prior to 1980 (1) (0.546" (0549  (0.548f  (0.547F
Individual Level Variables
Gender (female = 1) -1.227 -1.596 -2.266 -2.296
- (0.357 (0.508 (0.628 (0.631J
Ph.D. dearee vear -0.054 -0.054 -0.055 -0.054
0. degreey (0.009) (0.009 (0.009) (0.009
Total publication count -0.0004 0.0001 0.0004 0.0004
P (0.002) (0.001) (0.001) (0.001)
Total citation count 0.015 0.015 0.015 0.015
(0.002§ (0.002§ (0.002§ (0.002§
1.334 1.325 1.331 1.311
Inventor on one or more patents (0.156" (0.155§ (0.155§" (0.161
Pct last-authored publication (203285 s (%)ggij (02 235375 (022':;%*
Network Variables
Count of co-authors 0.004 0.004 0.004 0.004
(0.001) (0.001J (0.001§ (0.001J
Count of primordial co-authorship tie to academic 0.920 0.816 0.841 0.811
entrepreneurs (0.239)" (0.246)" (0.246)" (0.245)
Institutional Level Variables
. : 0.865 0.910 0.904 0.905
Employer prestige (=1 if top 20 department) (0.128° (0.135§ (0.134§" (0.134
. . ) 0.258 0.206 0.205 0.207
University has technology transfer office (0.134) (0.140) (0.139) (0.139)
Gender Interactions
— 0.002 -0.005 -0.007
Female x Total publication count (0.003) (0.004) (0.004)
o 1.513 2.091 2.090
Female x Pct last-authored publication (0.654) (0722 (0.721
Female x Count of co-authors ?0080215 (%%%% (8 88135
Female x Count of primordial co-authorship tie to 2.183 2.704 2.671
academic entrepreneurs (0.674f (0.720¥ (0.735§
. -0.694 -0.706 -0.644
Female x Employer prestige (0.400§ (0.408) (0.418)
1.276 1.311 1.268
Female x TTO (0.5205 (0.530§ (0.525§
0.452
Female x Inventor on one or more patents (0.552)
Log-Likelihood -8063.0 -8048.2 -8042.5 -8042.0
N 561.03 1069.21 933.74 923.57
d.f. 13 15 17 18

Time at risk = 110,383; number of subjects = 5,9mber of events = 715

Robust standard errors in parenthes*&significant at 10%*; significant at 5%?* significant at 1% confidence level.



Table 5: Tenure at First SAB Transition

Years since Ph.D. Male Female

1-5 years 23 1
6-10 years 86 6
11-15 years 126 9
16-20 years 155 13
21-25 years 132 11
25-30 years 74 7
31-35 years 51 2
35-40 years 24 0

Legend: Distribution by gender of times of
transition to first SAB membership. A two-
sample Kolmogorov-Smirnov test for
equality of the tenure distribution indicates
statistical equivalence.
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Table 6: Summary of Main Qualitative Findings

ion

Question Female Male Notes
Do you believe there is gender-
based exclusion from commerciagl13 of 22 NA Male scientists not asked this quest
science?
Do vou have an interest in 3 of the 16 women qualified their
y ; X 16 of 22 17 of 22 | interest with an explicit expression df
commercial science? :
one or more reservations
Scientist received one or more
invitations to join a SAB? 7of22 13 of 22
1 woman declined for lack of interest;
o _ 2 for conflicts of interest.
Scientist declined one or more _ _
invitations to join a SAB? 3of7 80f 13 | 1 man declined for lack of interest; 1
because of other, more interesting
opportunities.
Have you served on a SAB? 6 of 2P 12 of 22

Legend: Summarizes the responses of 22 femaletysaud 22 male faculty to basic attitudinal anddabral
guestions about SAB membership and interest in centiad science. Responses limited to the intendample at

a single, elite university.



