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Explanations of productivity differences between men and women in science tend to focus on
the academic sector and the individual level. This article examines how variation in organi-
zational logic affects sex differences in scientists’ commercial productivity, as measured by
patenting. Using detailed data from a sample of academic and industrial life scientists
working in the United States, the authors present multivariate regression models of scientific
patenting. The data show that controlling for education- and career-history variables,
women are less likely to patent than men. However, in biotechnology firms—industrial set-
tings characterized by flatter, more flexible, network-based organizational structures—
women scientists are more likely to become patent-holding inventors than in more
hierarchically arranged organizational settings in industry or academia. The authors discuss
how the organization of scientists’ work settings may influence enduring disparities between
men and women in science and the implications of these findings for future work.
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o date, most scholarship on women in science has focused only on
disparities between men and women in academic settings. In this
article, we argue that such a view is limited. If one wants to more fully
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understand barriers and opportunities for women in science, one needs to
compare different organizational contexts in which scientists work. And if
one wants to change academic conditions creatively toward promoting
greater sex_equity, a good way to begin is to look at other organizational
models for doing science.

In this article, we contrast two basic forms of organization: hierarchy
and what is sometimes called the “network form” of organization (Podolny
and Page 1998; Smith-Doerr and Powell 2005). These ideal typical forms
differ in several important ways: In hierarchies, the main mode of firm
operation is through in-house routines, and in the network form, activity
happens through interorganizational relationships; while interpersonal
conflict is often resolved in hierarchies by authority ranking, in network
organizations, reputation and reciprocity concerns may mute conflict;
where hierarchy has a formal tone, network firms are often more open
ended; and in network organizations, individuals often pursue more collec-
tive benefits rather than following rules to move individually up a hierar-
chical career ladder (Powell 1990).

In this article, we examine the effects that these different work settings
have on sex disparities in scientists’ careers. In the scientific field that is
our focus—the life sciences—the emergence of the biotechnology industry
in the 1970s as an arena comprising network firms affords us an important
comparison. We can investigate whether this network context for women
scientists sustains the same gap in scientific productivity found in the
more hierarchical organizations of academia and large drug corporations
where biological scientists have traditionally worked.

Considerable attention has been paid to the gendering of organizations
(Acker 1990; Britton 2000). Although some work on this topic suggests
that hierarchy acts to create and sustain gender inequity, other work sug-
gests ways women workers can find equity in forms that usually favor
male-typed behavior patterns. Using a national sample, Reskin and McBrier
(2000) find women workers do better in larger, more bureaucratic organi-
zations; they conclude that women are more likely to become managers
when hiring practices are more formalized. Sex discrimination can cer-
tainly be mitigated by the threat of lawsuits. Sociologists have long noted
that informal organization is often more important than formal rules to the
actual operation of an organization. Rules can obscure gendering, as Acker
(1989) revealed in her study of how “neutral” metrics for job evaluation
in Oregon reinforced the “logic” for paying male jobs like technician
more than female jobs like secretary. The larger and more bureaucratic a
company (or academic system) is, the more room there may be for the
shadow side of the organization to flourish. Our study converses with this



196 GENDER & SOCIETY / April 2008

literature by comparing very similar workers in different organizational
settings and asking, Is hierarchy (and its more formal rules) or the network
form better for women’s productivity in science?

We focus on sex disparities in patenting across academic and indus-
trial domains. Although some research on women in science attends to
institutional structure (see, for example, Fox 2001), the focus has been
conditions for academic scientists in research universities. Patents pro-
vide a new coinage that can be drawn on in careers that span industrial
and academic sectors. We suggest that flatter, more flexible industrial
organizations exhibit a smaller sex gap in patenting involvement than
more hierarchical settings in industry or academia. In the discussion that
follows, we show how previous research on the social structure of science
across organizational settings leads us to this hypothesis. We highlight
(in italics) several aspects of academic and industrial work settings that
may be most significant.

HOW VARIATIONS IN LIFE SCIENCE SETTINGS
MATTER FOR WOMEN SCIENTISTS

The Influence of Organizational Context

In the academy, head scientists compete for space and equipment, grant
funding, and international reputation. Although labs are formed on the
basis of collaboration, an academic professor’s success is individually
derived. Despite collaborating with their advisors, graduate and postdoc-
toral students are also looking to separate themselves as making unique
contributions. Like academic scientists, industrial scientists may also
maintain interests in individual achievement, and collective work in indus-
try might also involve hierarchies of reputation. A distinguishing factor is
that individual advancement is more likely to hinge on group achievement
in the industry setting. In contrast to academia, industrial settings are man-
aged based on collective science and the mutual accruing of group knowl-
edge and resources. Hence, both academic and industrial science involves
the mobilization of individuals to complete a project, but under very dif-
ferent circumstances of individual achievement. At the most general level,
scientific industrial settings may be less internally competitive, and
rewards may be more egalitarian (Rabinow 1996; Smith-Doerr 2004). We
suggest that women are likely to have different experiences and opportu-
nities regarding productivity in settings with “individual” versus “collec-
tive” practices. This collective structure is likely to be helpful to women
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not because of innate temperament but because women scientists are often
marginalized (Valian 1998).

Within industry, disparities between men and women may differ in
firms where work has centralized lines of authority versus firms that are
more relationally based. A key difference between large, formal corpora-
tions and small, dedicated science firms is how knowledge production is
organized. Hierarchical firms contain many areas of research and develop-
ment under one roof, while smaller, science-based firms remain flexibly
arranged to focus on a few areas of cutting-edge science. In the former,
employees are responsible for small pieces of projects within large sub-
disciplines of the organization’s focus. In the latter, scientists move among
projects as the focus of the firm changes (Nohria and Berkley 1992). This
collaborative environment is a feature of the day-to-day atmosphere in
research-based firms. In the biotechnology industry, scientists have
reported that they work toward a common goal, are less competitive inter-
nally, and have an increased emphasis on teamwork (Smith-Doerr 2005).
Public discourse is populated with references to the same idea—that
network firms support “teamwork” ideals and encourage the researcher
to foster collaborative relationships both inside and outside the firm
(e.g., Holsinger and Brandon 2001; Shook 2003).

Previous research by Smith-Doerr (2004) provides an example of how
the day-to-day open communication and learning differs in life science
network firms.from more hierarchical settings. In her fieldwork, scientists
from two biotechnology firms were at a meeting (in a mixed-sex team
where one of the main project leaders was a woman), and information was
flowing between members of both firms about problem solving at the lab
bench. After members of one company explained to the other how to solve
a difficult problem with a chemical solution, a manager—having just relo-
cated into biotechnology from a large drug company—became concerned
about leaking proprietary information. His concerns fell on deaf ears,
however, and he soon learned the more collaborative norms (and the lim-
itations of managerial pronouncements) in this new context. The contrasting
approaches to science exemplified in this interaction reveal some of the
distinctions between a network form and a more hierarchical one.'

Structurally, teamwork environments may enhance retention and perfor-
mance among women scientists, who may have fewer personal network
connections to those of influence in their field (Kanter 1977). Many orga-
nizations formed to increase the numbers of women in science have adopted
the teamwork model to encourage women to stay in science. Rosser
(1998), for example, discusses National Science Foundation—sponsored
summer science camps for girls that focus specifically on teamwork as a
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tool for navigating their minority status. This research suggests that coop-
eration and collective problem solving in science may enhance women’s
experiences in science.

Network firms may provide benefits for woman scientists beyond
collaborative practices and retention, however. Foremost, the flexibly
arranged work environment emphasizes a more horizontal distribution of
positions and resources within the company as a way to better anticipate
the uncertain world of quickly changing research developments. Women
located in organizational settings that encourage a more even distribution
of positions may be better able to overcome some traditional barriers that
maintain within-organization sex segregation. For example, in the life
sciences, women are nearly eight times more likely to hold supervisory roles
in network firms than in pharmaceutical companies (Smith-Doerr 2004).
By virtue of a work design developed to manage technological advance,
women scientists may find advantages in the network firm.

Women’s advantages may also stem directly from their increased man-
agement opportunities in these work settings. Past research has shown that
much of the disparities in the productivity of women scientists in the acad-
emy appears to be related to their differing job positions (Long 2001; Xie
and Shauman 2003). Perhaps women’s increased likelihood of holding
managerial positions in networked firms allows more opportunities for
.collaboration and more central roles in the innovation process, including
patenting. We disentangle the relationship between productivity, organi-
zational form, and job position by analyzing the relationship between
industrial setting and productivity while controlling for the supervisory
positions men and women hold.

Different settings may also have different implications for the ways col-
laborative networks are realized by men and women. Many studies have
shown a positive relationship between individuals’ network centrality and
subsequent creativity (Brass 1985; Burt 2005; Hargadon 2002). Women
are less likely to have diversified research networks (Brass 1985; Ibarra
1997) and hold less central positions in academic collaboration networks
(Whittington 2007). The flexible design of the network firm may provide
increased opportunities for women scientists to find collaborators and
obtain information on the patenting process. Indeed, research shows the
sex gap in collaborative networks is significantly wider between academic
scientists than between scientists in network-based life science firms and
that academic women gain less productivity from central positions than
their sister scientists in other locations (Whittington 2007). Women in
academic settings may be more marginalized in productivity networks,
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while the more fluid organizational structure of the science-based firm
may provide greater opportunities for collaboration.

It is tempting to relate all of the potential benefits of network organiza-
tions to their flexible structure and emphasis on teamwork. The effect of
the competing incentive structures between academic and industrial science
should not be understated, however. We argue that it may be the inter-
action between these differing sector-level social arrangements and the
flexible design of the network form that provides the equal playing field
for women in the network setting.

Scholars have yet to quantify the relationship between organizational
structure and female scientists’ productivity, especially within industrial
locations. We test the idea that network firms are locations of increased
gender equity and designate our core hypothesis as follows:

Hypothesis 1. Sex disparities in scientists’ patenting behavior will be less
in science-based network firms than in other organizational settings.

We assess this hypothesis using multivariate models to tease out the effects
of organizational context on patenting involvement. Two levels of patenting
productivity are investigated: (1) any involvement and (2) the number of
patents, if involved. We examine if working in a network organization
reduces the sex gap in patenting while controlling for potentially intervening
factors, including time since PhD, management responsibilities, and the
prestige of graduate training.

Supply-side Influences

Individual decisions may also drive differences across settings. Although
historically industry has been seen as less prestigious than academia,
it has also provided some women with favorable workplace incentives
(e.g., reasonable work weeks, higher mobility and pay) not present in the
academy (Long and Fox 1995). Some scholars speculate that women
scientists in the past traded prestige for family-friendly advantages in indus-
try (Etzkowitz, Kemelgor, and Uzzi 2000). Recently, careers outside the
academy have grown in prestige, and influences on men’s and women’s
labor market decisions are changing. Smith-Doerr (2005) documents
changes in the industrial sector as biotechnology firms “pull” new PhDs
away from academia by promoting publishing inside the company and
providing other “academic” perks.

Increased movement toward industry—in particular, to small, science-
based firms—may be by choice rather than lack of academic opportunities.
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Life scientists trained at elite colleges, by at least one account (Robbins-
Roth 2000), are moving more frequently into biotechnology than other
industry settings. If a disproportionate number of talented women versus
talented men are heading into science-based firms, this might alter the dif-
ferences across sectors. For this analysis, we isolate sector-level effects
from “talent” by including a control for prestige of doctoral institution.
The more complicated and interesting question is not about the effects of
talent or agency alone but about how scientists’ decisions interact with
organizational structures to produce patterns. We return to this discussion
of supply-side influences after presenting our results.

THE CASE: PATENTING IN THE LIFE SCIENCES

Commercial behavior can include a wide range of activities, from
patenting and licensing technologies to consulting to involvement with or
founding of a science-based company. We focus on patenting, which
could arguably be labeled a point of entry into this domain. Patenting is
important to career outcomes in industry and more recently in academia
as well (Kleinman and Vallas 2006). Since the mid-1980s, there has been
a dramatic upsurge in the amount of patenting in the United States and
other countries (Kortum and Lerner 1998). Growth in university patenting
has eclipsed that of industry during the past 20 years; the number of
academic patents increased nearly eight times from 1980 to 2002 (Powell
et al. 2005). Academic scientists make decisions in the face of university,
department, and peer pressure about their level of involvement in com-
mercial work (Audretsch and Stephan 1999; Slaughter and Rhoades
2004). The unanimous 2006 decision by Texas A&M University to include
inventions in tenure and promotion decisions is one example of changes
occurring to the reward structure of the academy. Indeed, Owen-Smith and
Powell (2003, 109) suggest that commercial involvement among acade-
mic scientists represents “the appearance of a new fault line” between
those who participate and those who do not. Increases in academic patenting
have been particularly dramatic in the life sciences, where academic-
industry relationships are common and research results translate into
significant medical applications as well as substantively interesting
intellectual results.

While research on patenting among scientists has grown prodi-
giously, studies that combine a concern with inequality and the increasing
emphasis on commercial outcomes in science are rare. Productivity is
one of the most commonly studied disparities between men and women
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scientists, however. A host of studies have found that women are less likely
to publish their research than men, and there is evidence that structural
positioning and resources account for much of the gap in publishing pro-
ductivity (see Long 2001; Xie and Shauman 2003 for reviews). Although
most previous work on sex gaps on scientific productivity has focused on
publishing, initial studies in patenting show that women patent less than
men in all disciplines and sectors (Whittington 2007; Whittington and
Smith-Doerr 2005). Women are also less likely to combine patenting with
publishing activities across sectors (Whittington forthcoming). Ding, Murray,
and Stuart (2006) report that academics who collaborate with industrial
scientists are more likely to patent, and their exploratory interviews indi-
cate that women academics find it harder to make industry contacts. While
some research suggests that women follow similar trajectories as men into
patenting, just more slowly (Whittington and Smith-Doerr 2005), the take-
away point is one of disparity. Commercial involvement may well be a
new arena for gender stratification in science.

DATA AND METHOD

Data

The data for this analysis match archived career-history information from
the National Institutes of Health with patent data from the U.S. Patent and
Trademark Office. The data are composed of a randomly selected sample of
applicants to the Cellular and Molecular Biology training grant program
administered by the National Institute of General Medical Sciences, a
National Institutes of Health organization. The grant application requires
funded departments to list background and career information on all current
and past students (at the graduate and postdoctoral levels), including current
employment. We randomly sampled 7 universities from the list of 42 pro-
grams, which generated data for scientists who received their doctoral
degrees from more than 100 different U.S. universities (and many universi-
ties outside the United States). Within the sampled programs, the data
include the entire population of more than 3,000 past predoctoral and post-
doctoral scientists’ careers (including students funded by the training grants
and those who were not). Application dates range from 1983 to 1995, with
~ 1985 as the median year of doctoral receipt.

We name-matched scientists in the sample with patent data from the
U.S. Patent and Trademark Office, provided by the National Bureau for
Economic Research Patent Citations Data File (Hall, Jaffe, and Trajtenberg
2001). The data include all patents granted between the years 1963 and
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1999 and include inventors’ names, locations, patent affiliations, and patent
classes and subclasses. The U.S. Patent and Trademark Office does not
include inventor identification numbers across patents. We implemented a
name-matching algorithm that considered inventions to be from the same
person when two records have similar first, middle, and last names as well
as similar city and state, assignee name, or patent primary and secondary
technology class.?

We coded scientists as male or female using their first names. We used
common name lists and background searching for those with ambiguous
first names. Women constitute 32 percent of the sample, proportionate
to other national samples of biological science PhDs (National Science
Board 2006).

Measures

Dependent variables. The quantitative analysis consists of two parts.
Because not all academic scientists patent, first involvement may be a more
important measure for academics than the number of patents. In industry,
however, the total number of patents often suggests productivity in the way
publications do in the academy. We separate these two measures because
both are important dimensions of inventing and test whether the organiza-
tional context operates on patenting volume as well as involvement.

In the first analysis, we investigate the effect of organizational context
on scientists’ involvement in patenting. Involvement is an indicator variable
where a value of 1 indicates a scientist has patented at least once in the
period between receiving his or her doctorate and the end of 1999.% In the
second set of models, we investigate patenting productivity, using the sum
total of patents in a scientist’s portfolio granted between year of gradua-
tion and 1999. All models include a control for the number of years since
graduation (PhD).

Tables 1 and 2 describe the variables used in the analysis. Of men and
women, 28 and 14 percent, respectively, have patented. Men who have
patented have an average of 4.8 patents, while the average for women
inventors is 2.5 patents.

Independent variables. In addition to sex, we include employment sec-
tor and work setting measures, as well as their interaction with sex. We use
the reported employer names to classify scientists as working in “industry,”
“academia,” or “other organization” (e.g., government, nonprofit institute,
or hospital).* We further classify scientists in the industry category as
working in either (1) pharmaceutical firms, chemical corporations, or
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subsidiaries of pharmaceuticals (hierarchical organizations) or (2) science-
based, dedicated biotechnology firms (network organizations). We draw
employment classifications from a data set compiled by Powell and col-
leagues (2005), which is based on listings in the industry directory Bioscan
that covers the global population of biotechnology firms and their partner
organizations. .

We classify scientists’ workplaces by their most recent place o
employment at the time of the grant application by their former lab prin-
cipal investigator. It is possible that some percentage of scientists may
have switched sector locations between the time their employment history
is recorded and when they submit a patent application. To assess the
potential bias in our sample, we performed sensitivity analyses on a ran-
dom sample of 50 inventors and find that assignee names match the affil-
iation categories more than 80 percent of the time (41 matched correctly).
We do not believe this likely small remaining percentage of sector-switching
scientists presents a significant problem. Because any movement is likely
to be random, it may introduce noise to the data but should not bias the
coefficient estimates. '

Seventy percent of the life scientists in our sample work in academia, a
proportion that reflects national figures (National Science Board 2006).
Table 1 suggests that industrial scientists are more likely to be involved in
patenting than academic scientists. There is little difference between the
patenting averages of scientists in the two types of industrial settings.

Control variables. We include several control variables to address sci-
entists’ positions and educational backgrounds. Supervisory position is
measured at the most recently sampled career point. A value of 1 indicates
a career position at or above assistant professor (academia) or research
team leader (industry) levels.

We also include two measures of scientists’ educational background:
doctoral program prestige rank and an indicator of training outside of the
United States. The prestige measure is based on quality and influence
classifications made by the National Research Council on PhD programs
in biochemistry and molecular biology in 1995. Universities rank from 1
(most effective) to approximately 200. We suggest that this variable is best
captured in the quantitative models by viewing differences among broad
categories rather than through one-unit increases in rank. Therefore, we
collapse the continuous university ranking measure into three categories
for this analysis—highest ranking (1-10), middle ranking (11-50), and
lower ranking (51-200).
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TABLE 1: Means and Standard Deviations for Inventor Characteristics
Used in the Analysis of Engagement and Propensity to Patent,
by Involvement in Patenting

Involved in Not Involved in
Patenting Patenting Total
Variable Activity (n = 225) Activity (n = 736) (n = 961)
Sex
Women 18 .36 .32
Men? .82 .64 .68
Organizational context
Academia® .54 .75 .70
Industry (all) .28 .09 14
Industry, pharmaceutical .16 .04 .07
Industry, network 12 .05 .07
Government/nonprofit
research hospital 18 .16 .16
Supervisory position
Yes .34 .31 .31
No? .66 .69 .69
PhD university rank
High? .23 .18 19
Middle .53 .52 .52
Low .24 31 .29
Foreign PhD university
Yes 14 .16 .16
No? .86 .84 .84
Years since PhD 16.20 (5.52) 14.40 (6.26) 14.80 (6.14)

NOTE: Columns sum to 100%, by variable. Numbers in parentheses are standard deviations.
a. Omitted category. :

The prestige scale evaluates only U.S. universities. Given evidence
that suggests that training at foreign universities presents an additional
challenge to students who go on to work in the United States (Davis forth-
coming), we place students from foreign universities in the lowest rank
category for this analysis.”> We also include an indicator variable in the
models to control directly for foreign-educated scientists.

Method

We first present multivariate logistical regression models predicting
whether a scientist has patented since receipt of the doctoral degree. In the
second analysis, we focus on the more traditional notion of productivity—
the number of patents in scientists’ portfolios, using zero-truncated negative
binomial count models. Negative binomial count models are commonly
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TABLE 2: Means and Standard Deviations for Inventor Characteristics
Used in the Analysis of Engagement and Propensity to Patent,

by Sex
Variable Men (n = 653) Women (n =308) Total (n = 961)
Involvement in patenting
Yes .28 14 .23
No 72 .86 .76
Number of patents
Including noninventors 1.35 (4.14) .34 (1.14) 1.03 (3.50)
Excluding noninventors 4.83 (6.68) 2.48 (2.06) 4.39 (6.15)
Organizational context
Academia® .70 71 .70
Industry (all) 14 13 14
Industry, pharmaceutical .08 .05 .07
Industry, network .06 .08 .07
Government/nonprofit
research hospital 17 15 .16
Supervisory position
Yes .35 .24 .31
No? .65 .76 .69
PhD university rank
High? 21 15 19
Middle .51 .55 .52
Low .28 .31 .29
Foreign PhD university
Yes .16 .15 .16
No? - .84 .85 . .84
Years since PhD 15.08 (6.22) 14.32 (5.92) 14.80 (6.14)

NOTE: Columns sum to 100%, by variable. Numbers in parentheses are standard deviations.

a. Omitted category.

used to predict patent count outcomes because, as is the case with our
data, these distributions are typically overdispersed and right skewed.
A zero-truncated negative binomial model allows us to focus solely on
inventors in the sample who have patented at least once. These models
are appropriate for data that have no possibility of having zeros but still

follow the count-driven, negative binomial functional form.

MULTIVARIATE MODEL RESULTS

Sex and Patenting Involvement

Table 3 presents the maximum likelihood estimates of a series of six
nested models. Model 1 accounts for the control variables, and model 2
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adds the direct effect of sex. Models 3 and 4 include aggregated industrial
context variables and their interaction with sex. Models 5 and 6 also
include organizational context, but this time with disaggregated industry
categories. Model 6 is the best fitting and is a statistically significant
improvement on the previous nested models (p < .1).

The data confirm the findings of prior works, that academic women are
less involved in patenting than academic men. Across all models, the coef-
ficient for women scientists remains negative and highly significant. Models
3 and 4 include aggregated industrial context variables and their interaction
with sex. Predictably, we see that scientists in industry settings are more
likely to patent than their colleagues in academia. But model 4 shows there
is no sex difference between industry (all work settings combined) and
academia, and the inclusion of the aggregated measure does not signifi-
cantly improve the fit of model 3. Models 5 and 6 also show scientists in
both industry settings have an increased probability of patenting compared
with those in academia. In addition, like the previous models, women sci-
entists in academia are less likely to patent. Unlike model 4, however, the
disaggregated model 6 shows that all industry settings do not have the same
effect on women. Providing support to our core hypothesis, in science-based
biotech firms, women experience a patenting boost that rai<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>