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 PREFACE TO THE THIRD EDITION 

 As we began the work that launched the third edition of  Women, Science, and Technol-
ogy  we confronted several challenges to continuing to provide an overview of feminist 
science studies for use inside and outside of the classroom. Selections in earlier editions 
were strategically chosen to make feminist perspectives on the sciences accessible to a 
general audience, to provide a framework that began with familiar themes from liberal 
feminist perspectives (describing unequal outcomes by gender and race/ethnicity, in ed-
ucation, employment, and training), then moved through the logic of cultural construc-
tion of scientifi c knowledge, ending with articles that pointed toward agency and action 
in shaping scientifi c and technological research agendas. It was a framework meant to 
persuade readers that feminist perspectives improved one’s ability to critically examine 
the changes sweeping through our lives. In this new edition we advance from our pre-
vious focus to describe a new path forward as it refl ects emerging work in feminist sci-
ence studies that focuses on specifi c scientifi c and technological research, and it calls 
attention to debates among feminists about how to envision our futures in relation to 
this research.  Women, Science, and Technology,  in our selections, continues to make the 
argument that scientifi c and technological advances are at once deeply implicated in the 
rigidity of the sex/gender classifi cation system  and  necessarily useful to challenging that 
classifi cation system. In addition, recent trends in theory motivate a rethinking of related 
systems of domination, including race/ethnicity, class, sexualities, and global relations. 
This new edition refl ects those important developments as integral to feminist science 
studies. 

 The 2013 edition of  Women, Science, and Technology  marks the fi fteenth year since we 
began teaching our course, “Women and Gender in Science and Technology,” at North 
Carolina State University, which sparked the development of the book. The fi rst year we 
offered the course there were just fi ve students enrolled, with all fi ve of us teaching it. 
The course now routinely attracts more than 400 students a year and satisfi es a university 
general education requirement at NC State, and it has been adopted widely throughout 
the United States. Our decisions about content for the new edition are in part due to the 
evolving interests and enthusiasms of students, who are more inclusive, global thinkers 
than their predecessors. What has become apparent to us in the past fi fteen years is that 
our students are better educated about gender issues than they were when we began 
our work, that the topic of “feminist science studies” is not as scary to them as it once 
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may have been, and that the topics that resonate most profoundly for them are related 
to the body. By “the body” we refer to women and men as embodied, laboring, think-
ing, breathing humans whose individual desires, dreams, and choices are contained by 
barely visible social, institutional, and economic boundaries. This third edition refl ects 
this emphasis, around which there is lively debate within feminist theory, with articles 
that focus literally on the body as an object and subject of scientifi c and technological 
innovation as well as articles that engage the theoretical debates. Because of the increas-
ingly specifi c level of terms and concepts that new scholars are bringing to feminist sci-
ence studies, we trust that the third edition will challenge educators and students alike 
to talk across traditional disciplinary divides to embrace their inner feminist scientist. 

 In our hunt for new material and our review of the earlier introductions, we discov-
ered several arenas in which signifi cant change has taken place, and we want to mention 
these here—not to lay out a claim of discovering that all is well with the world, but rather 
to mark the moment and honor the change that has taken place. The arenas in which 
we note improvements, to name a few, are: the increasing representation of women as 
undergraduate and graduate degree earners in science, mathematics, and engineering; 
the increasing visibility of women’s health care in public policy discussions; the increas-
ing recognition that women scientists and engineers bring useful and (perhaps) distinct 
experiences to the table in the development, implementation, and adaptation of new 
discoveries; the increasingly institutionalized commitments of colleges and universities 
to denounce gender bias in education, employment, and training in science and engi-
neering fi elds; and the decreasing representation of science and scientists as necessarily 
masculine (never mind engineering or computer science for the moment). 

 There is no shortage of heady concerns, however. Feminist theory is troubled by the 
analytic limitations of the sex/gender paradigm, the implications of recognizing that 
feminist lenses are as partial as those we critique, the increasing disconnect between 
research on issues related to exclusionary practices in STEM (science, technology, engi-
neering, mathematics) fi elds and feminist science studies, the continuing lack of cross-
talk between feminist science theorists and feminist scholars in traditional disciplines, 
and the need to enhance the level of scientifi c literacy within the ranks of women’s and 
gender studies faculty. We leave to you the task of considering the possibilities of this dia-
log in light of your conversations around essays and themes herein. This book represents 
our effort to make a small wave in a sea of change. 

 In terms of professional changes, the fi ve coeditors of this book have very different ca-
reers than those we held in the fi rst edition, advancing through the academic ranks and 
no longer located at the same institution. We continue to bring divergent and specialized 
perspectives into our work together. Mary Wyer is now associate professor of psychology 
and women’s and gender studies. She teaches theory and research on intersectionality, 
stereotypes, and feminist psychology. Her publications and empirical research program 
focus on how individuals’ self-concept as scientists and attitudes toward equality in sci-
ence infl uence career commitments and persistence in science, with attention to gender 
and race/ethnicity. Mary Barbercheck is a professor of entomology at Penn sylvania State 
University, with research and extension in sustainable agriculture. Her research focus is on 
soil ecology and the effects of management practices on insects and related organisms in 
organic cropping systems. Her interests in women and gender have expanded from STEM 
to include women in agriculture. These interests include conducting research with the 
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Pennsylvania Women’s Agriculture Network, with a focus on improving agricultural pro-
duction and marketing by women farmers in Pennsylvania and the northeastern United 
States. Donna Giesman Cookmeyer is now in research administration and is involved 
both in the oversight of clinical trials and institutional compliance. In her work she con-
tinues to rely on qualities central to the feminist scholarship on science, including issues 
of equity, equal participation, and transparency. Hatice Örün Öztürk divides her teach-
ing time between biomedical engineering and electrical and computer engineering de-
partments. She is the assessment and accreditation coordinator for the undergraduate 
programs in both departments. For the past four years she worked with the College of 
Engineering IT staff to implement a software program assessment tool designed under 
her leadership. She is an active member of the Women’s and Gender Studies Program   
executive council and enjoys the increasing number of her engineering students taking the 
women and gender in science and technology course. Her fi rst book of poetry is  Bread and 
Time  and was published in Turkish in 2012. Marta Wayne is now professor of biology and 
adjunct professor in the Center for Women’s Studies and Gender Research at the University 
of Florida, teaching courses in genetics, genetical ethics, and science studies. 

 These differences in our professional pathways, particularly geographical distance, 
have made it logistically diffi cult to work together, but have also enriched our consider-
ation of the fi eld of articles from which we selected those included in the third edition. 
We all had to agree that articles spoke to issues of broad concern but in ways that were 
methodologically and theoretically sound. We decided to feature newer work, agreeing 
to set aside many articles that are old favorites and classics. We found consensus on the 
new directions of the work and then developed a narrative that provided coherence. 
The diversity of backgrounds and our divergent life experiences, shared in kitchen table 
discussions, proved to be indispensible in assembling the third edition. We hope you 
enjoy reading it as much as we enjoyed developing it. 
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 This collection of writings is designed to engage the reader in the disorientations and 
diffractions (to borrow Donna Haraway’s term) that constitute contemporary feminist 
science studies. The scholarship represented here begins with familiar feminist themes 
related to social biases that discourage the participation and advancement of women 
in science, technology, engineering, and mathematics (STEM), but this third edition of 
 Women, Science, and Technology  quickly moves into topics related to the content of the 
curriculum in higher education, critiques of prevailing knowledge about sex and gender, 
debates from within feminist science studies about the limits and possibilities of feminist 
theoretical perspectives, and envisioning of new futures unbounded by disciplinary pre-
rogatives. Although it matters that women have been (and continue to be) systematically 
excluded from, or marginalized within, the intellectual machinery of scientifi c and tech-
nological development and innovation—and it especially matters to those who experi-
ence discrimination—this path of work is but a start to thinking about women, gender, 
science, and technology. The endpoint, for this edition, is to raise questions about what 
we are teaching in institutions of higher education, to whom, and for what purposes. 

 In an era in which conversations about diversity and inclusion have taken on national 
prominence in the United States, and the need to be globally competitive drives efforts 
to recruit talent to STEM careers, it may seem as if issues of inequality in STEM are passé. 
How could anyone still think that only white men are fi t for STEM careers? The issues, 
unfortunately, are more complicated than simply recruiting more women and people 
of color into STEM fi elds—a  lot  more complicated, in substance, scope, detail, defi ni-
tions, and debates. Feminist scholars have built an impressive body of theory and re-
search that offers not only important additions and correctives to traditional disciplines 
but also new visions and insights that take decidedly interdisciplinary turns. Responding 
to Charlotte Bunch’s famous warning that the new scholarship on women requires more 
than an effort to “add women and stir,” feminist educators and researchers have quite lit-
erally built a new interdisciplinary fi eld, women’s and gender studies (Bunch 1987; Boxer 
1998). According to the National Women’s Studies Association, there are more than 700 
women’s studies programs in the United States alone, educating some 15,000 majors and 
minors (Reynolds, Shagle, and Venkataraman 2007). Thirty-two percent of these institu-
tions offer graduate-level training as well. 

 INTRODUCTION: FEMINISM, SCIENCE AND TECHNOLOGY—
WHY IT STILL MATTERS 
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 At the same time, feminist scholars inside and outside of science and engineering dis-
ciplines have been at work developing new scholarship, research, and courses that bring 
feminist perspectives to a critical reappraisal of scientifi c knowledge long-assumed to 
be “objective” and “value-free” (Bleier 1984; Fausto-Sterling 1987, 1992; Harding 1991  ; 
Keller 1985, 1992; Longino 1990; Rosser 1997, Spanier 1995). The once controversial in-
sight that knowledge is socially constructed—that human values and practices inevita-
bly shape the knower, knowing, and known (Hawkesworth 1989)—now is less so, as the 
scientifi c community appears to acknowledge that some values, practices, and models 
of the natural world are more enduring and persuasive than others, that received “facts” 
emerge from consensus and debate, and that facts change over time even while inter-
pretations of them reveal persisting ideologies (admirably argued by example in Rich-
ardson, herein; and by Fausto-Sterling [2000]). After all, humans cannot stand off-world, 
as claimed by the early Greek mathematician and engineer Archimedes, who is said to 
have (over)confi dently asserted: “Give me a place to stand on, and I will move the earth.” 
For instance, Western Enlightenment ideas about the “rational man” cast science as a 
practice designed to subdue Mother Nature, as represented by Francis Bacon’s infamous 
metaphor, representing nature as a bride who must be subdued. “I am come in very truth 
leading to you Nature with all her children to bind her to your service and make her 
your slave” (Keller 1985, 33). Such language captures at once the systematic exclusion of 
women from scientifi c practice and a defi nition of masculinity that embraces objectivity 
as a quintessentially male mind state. Bacon’s description of the relationship between 
scientists and nature also places scientists (men) in opposition to nature (women) and 
all too clearly indicates that nature must be controlled. Despite the value we continue to 
place in being objective and unbiased, science and engineering disciplines are nonethe-
less products of historical, cultural, and all-too-human invention. Institutions of higher 
education—their development, organization, practices, and underlying assumptions—
have inherited the Enlightenment legacy of (white) male-as-objective, with troubling 
consequences (Minnich 2004; Flax 1987). 

 What precisely are the consequences? The list of systematic distortions, ignorance, 
and normalization of oppressive conditions is a long one. It includes the exclusion of 
most humanity from the knowledge-making enterprise by requiring a prolonged and ex-
pensive training period before one can be credentialed as a researcher; by concentrating 
decision making about the allocation of resources in the hands of a select few; by appro-
priating capital (intellectual and fi nancial) from the public for investment in innovations 
that are exploited for profi ts, which are then diverted into corporate rather than public 
coffers; by the wholesale plunder of developing countries for resources to feed the inno-
vation gods new capital investments; and by the appropriation of indigenous knowledge 
for exploitation by Western science. The liberatory potential of scientifi c research seems 
all but useless in the face of new waves of ignorance, misogyny, and violence against 
women globally and locally. Persisting and cruel inequality across the globe continues to 
deprive women of the means by which to secure food, shelter, safety, and an education 
for themselves and their children (Kristof and WuDunn 2009). In the United States many 
issues that would be resolved if women were recognized as fully entitled to constitu-
tional protections continue to plague us. Debates about public funding of birth control, 
women’s health services, and constitutional rights to privacy and same-sex marriage, for 
instance, continue to reveal deep societal ambivalences about whether women really 
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ought to be full citizens with all the rights, privileges, and responsibilities of men. Even 
pay equity, which is widely supported, seems a distant dream. 1  

 That these insults to women continue even in the face of important improvements 
is all the more maddening in light of a stubborn resistance to rationale, objective, and 
unbiased arguments among those who would use public policy to return women to 
second-class status. 

 Nonetheless, improving the educational, economic, and social status of all women 
is an enduring and keystone commitment of feminist scholarship and activism. There 
is perhaps no better example of this than the long and continuing struggle to ensure 
that women with the talent, ability, and interest to contribute to the world’s scientifi c 
and technological advancement have the opportunity to do so. We have assembled this 
textbook in order to provoke our readers to envision a future in which scientists and en-
gineers are actively engaged in challenging recalcitrant and calcifi ed assumptions about 
nature, knowledge, sex, gender, and social change. 

 The feminist science scholars included in this edition of  Women, Science, and Technol-
ogy,  represent fi ve general approaches to building on, elaborating, and contributing to 
the foundations of feminist scholarship. These approaches include: (1) describing local 
and global inequities in access to education, training, and employment in STEM fi elds; 
(2) critiquing distortions and misrepresentations of women’s minds and bodies in medical 
and scientifi c research and development (i.e., documenting and demonstrating the social 
construction of knowledge); (3) exploring technoscientifi c innovations as both colluding 
and colliding with the sex/gender/sexuality nexus; (4) refl ecting on the limitations and 
possibilities of borderlands in feminist science theory; and (5) examining if/how prevail-
ing paradigms (principally the nature/nurture dichotomy, but also male/female, human/
animal, science/technology) direct or contain new insights. These fi ve approaches, we 
propose, represent major currents in the most recent work in feminist science studies. 2  

 1. Describing local and global inequities in access to education, training, and employ-
ment in STEM fi elds 

 In this approach, as captured by the readings in section 1, researchers have docu-
mented the continuing and newly emerging practices and processes that infl uence if, 
how, and how successfully women participate in scientifi c and technological initiatives. 
Although it is clear that biases continue to suppress, shape, and direct women’s oppor-
tunities in STEM fi elds, the authors bring a wide variety of approaches to unveiling the 
ways in which biases operate and become evident. The experiment-based study report 
from Moss-Racusin et al., and an overview of data on women in academic science and 
engineering from Bilimoria and Liang, provide evidence that despite thirty years of dedi-
cated effort, in the United States the proverbial pipeline continues to “leak” women, even 
at the highest levels and even with steady increases in women’s participation. Sue Rosser   
points toward the patent process as a newly named barrier for advancement of women 
to the highest levels of infl uence, as women are less likely than men to convert their in-
tellectual capital to a patentable innovation. Banu Subramaniam’s classic fable “Snow 
Brown and the Seven Detergents” recounts how the “voluntary” erasure of cultural and 
gender markers is mandated in order to “fi t into” the patriarchal culture of Western sci-
ence. Marta Wayne uses an autobiographical approach to describe her move toward a 
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feminist commitment in her scientifi c research after a series of bias-charged interactions 
with peers left her in doubt about her future. Ulf Mellström’s study of computer science in 
Malaysia takes a multimethod approach to understanding how the social categories of Ma-
laysian society (gender, class, race, age) interacted with nationalist development agendas 
to create a “situated body politics” that generated new economic opportunities for women. 
Londa Scheibinger and Martina Schraudner provide specifi c examples to illu strate how 
scientifi c research and innovation are distorted by the exclusion of women to make a case 
for re-educating STEM faculty and students about the consequences of the loss of talent 
from the creative process. As a whole, the section readings make the case for knowing the 
details, how/where the biases continue, how inequality affects individuals and structures 
social relations, how institutional practices support the persisting exclus ion of women 
from positions of power and infl uence, and how all of this pushes us to think about what 
we teach, what we know, what we defi ne as signifi cant topics for future research. 

 Still, we are reminded by Jennifer S. Light’s study of women programmers’ contribu-
tion to the development of the fi rst electronic computer in the 1940s that too little is 
changing too slowly. As one of these early contributors put it, to succeed one must “look 
like a girl, act like a lady, think like a man, and work like a dog.” Arguably, especially in 
engineering disciplines where women remain dramatically underrepresented, this re-
mains all too true today. Some would argue that this is further evidence of the continu-
ing dominance of hegemonic masculinity in engineering, so that the best paying and 
most infl uential jobs in the global technoscientifi c economy remain in the hands of men 
(Cockburn 1985; Faulkner 2000). 

 2. Critiquing distortions and misrepresentations of women’s minds and bodies in med-
ical and scientifi c research and development (i.e., documenting the social construc-
tion of knowledge) 

 Section 2 is dedicated to providing exemplars of studies documenting the social con-
struction of knowledge as evident in language, evolutionary theory, neurobiology, and 
the history, development, and use of technologies of the body. These articles argue for 
the importance of understanding the value of a feminist perspective to unraveling many 
of the most insidious elements of hegemonic masculinity—insidious because they are 
barely visible in a backdrop of claims to objectivity. Among the readings are two favor-
ite classics from earlier editions of this textbook: Carol Cohn’s groundbreaking (and still 
relevant) study of the language of defense intellectuals and Rachel Maine’s history of 
the electromechanical vibrator as a socially camoufl aged technology. Both articles raise 
provocative questions about how we “talk” about taboo topics and how language prac-
tices silence or mask discussion of topics critical to health and well-being. Two articles 
explore technologies related to menstruation, a quintessentially female biological pro-
cess. Jennifer Aengst and Linda L. Layne detail and review debates about menstrual sup-
pression as an “enhancement technology.” Chikako Takeshita takes on the development 
and adoption of IUDs (intrauterine devices), providing a case study of a device that has 
many meanings, promoted by public health initiatives with purposes that range from 
providing new options for women to fi nding new ways to control women’s choices. Both 
articles develop their arguments in the context of global perspectives and the diverse 
reproductive health needs of women. 
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 In addition, readings in section 2 explore the consequences of unexamined, implicit, 
and problematic defi nitions of “nature” and “the natural” in relation to women’s bodies 
and minds. Erika Lorraine Milam’s essay follows a trail of shifting stereotypes through 
the development and application of evolutionary theory to understanding animal and 
human behavior, specifi cally sexual selection. Milam’s account is a compelling reminder 
of the ways in which theories are social constructs, that at any given historical moment 
a theory’s guiding concepts, misconceptions, insights, and underlying assumptions are 
deeply entangled with a host of debates about related questions; in this case, questions 
such as “What does it mean to be human?” “What is instinct?” “What distinguishes hu-
mans from (other) animals?” Rebecca M. Jordan-Young and Raffaella I. Rumiati bring this 
point home in their assessment of scientifi c research on the brain and sex differences. 
Their essay evaluates contemporary neurobiological evidence for the relevance of sex, sex 
differences, and sexuality in understanding the organization and function of the brain, 
much of it drawn from animal research. Like their trail blazing forerunner Ruth Bleier 
(1984), the authors demonstrate how assumptions about the signifi cance of the two-sex 
system are reinscribed in research in neurobiology to reinforce the notion that there are 
stable and “natural” universal biological differences between women and men. As the 
authors point out, the practice of cataloging these differences is not an innocent one. 

 Deboleena Roy’s   account of her efforts to escape the differences paradigm in her 
 research on hormonal activity in the brain. Her article resonates with Marta Wayne’s 
 account of becoming a feminist drosophila researcher from the fi rst section, but Roy has 
elaborated her philosophical touchstones from recent feminist theory to posit premises 
for feminist practice in research in the natural sciences. Her approach includes, among 
other elements, an aversion to killing animals, which required her to challenge prevailing 
attitudes and practices but advanced her training and research productivity in keeping 
with her values. This is a hopeful essay, because it opens the door to feminist pathways 
to become and be a scientist. 

 3. Exploring technoscientifi c innovations as both colluding and colliding with the sex/
gender/sexuality nexus 

 Readings in section 3 refl ect feminist science studies scholars’ commitment to interro-
gating the notion that technoscientifi c advances emerge culture-free and have no intrinsic 
political or cultural meaning. We have brought these readings together in order to promote 
discussions about the extent to which investment of intellectual and social resources in these 
advances drives perpetuation of the binary sex/gender system. These essays provide spe-
cifi c instances in which ideas about sex and gender are, or are not, relevant to foun dational 
knowledge about human biology, knowledge made possible by new technologies. The sec-
tion launches with Ruth Hubbard’s effort to distinguish the ideological content of molecular 
genetics from the gender ideology that shaped the careers of two major contributors—
Rosalind Franklin and Barbara McClintock. She contests the notion that women and men 
“do science” differently (i.e., x-ray diffraction techniques and microscopes are tools of the 
trade, no matter who uses them), making the point that there are irreducible facts to be 
uncovered and that one’s sex or gender has little to do with their validity or reliability. 

 Anne Fausto-Sterling’s essay similarly takes an empiricist stand but complicates the 
arguments considerably by proposing that “our bodies physically imbibe culture.” She 
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points to research on human bone development that documents the ongoing infl uence 
of social determinants on global differences in bone health, including culturally distinct 
diets, exercise patterns, physical activities, drug use, aging patterns, and access to health 
care, among others. Fausto-Sterling posits a systems model for understanding bone de-
velopment, a model that sees sex and gender as embedded elements of social determi-
nants rather than biological ones. 

 Challenges to presuming that nature and culture exist as neatly distinguishable 
opposites continue in the next two articles, one by Rajani Bhatia and one by Dorothy 
E. Roberts  . Bhatia tracks the commercialization and medicalization of reproduction, and 
the commodifi cation of children, in the growth of sex-selection practices globally and in 
the United States. Her study provides a compelling example of the ways in which new re-
productive technologies are disrupting taken-for-granted notions of who, how, and why 
people become parents, highlighting the “ability of humans to self-determine biologies 
and thereby identities, subjectivities, and destinies.” 

 One particular innovation in reprogenetics, preimplantation genetic diagnosis (PGD), 
makes it possible to biopsy a single cell from early embryos, enabling physicians to screen 
for hundreds of genetic conditions while making decisions about which embryos to im-
plant in assisted conceptions. Dorothy E. Roberts explores the legal, economic, and so-
cial implications of this technology, with attention to race, class, and gender inequalities. 
She raises an alarm about the growth of a global high-tech fertility industry that brings 
wealthy clients to tourist destinations in order to shop for the reproductive options they 
seek. This trend, she argues, does not erode race, class, and gender divisions; rather, it re-
inforces them by exploiting the notion that race categories are “natural” and “biological” 
and by appropriating the reproductive capacities of economically disadvantaged women 
of color to fulfi ll the parenting dreams of the world’s wealthy. 

 The concluding article in this section recounts the intellectual history of research on 
the X chromosome. Sarah S. Richardson traces scientifi c and popular accounts of the X 
as the “female chromosome” from sex chromosome science in the early twentieth cen-
tury through contemporary debates about X-mosaicism in autoimmune diseases among 
women. This is a fascinating account of the ways in which commitments to an ideology 
of sex differences has driven, distorted, and contained characterizations of the physio-
logical functions on the X chromosome. Changes over time in these characterizations 
drew from whatever paternalistic, progressive, or misogynist stereotypes of women were 
in vogue. Richardson’s study is a somber reminder that researchers who have no expo-
sure to the critical and self-refl exive practices of feminist science are unlikely to escape 
the limitations of the intellectual legacy they inherit. 

 4. Refl ecting on the limitations and possibilities of borderlands in feminist science theory 

 In section 4 authors reach out to feminist frameworks from a wide variety of (inter)
disciplinary approaches—including cybermedia studies, material culture studies, queer 
studies, lesbian studies, labor studies, and postcolonial studies—to describe the cur-
rent limitations of feminist science studies and to identify newly useful concepts and 
approaches. The essays touch on themes such as fostering dependence on Western tech-
nologies as if they were necessarily benefi cial to humankind, the ways in which gender 
matters especially when women are erased from the calculation of who is human, the 
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emergence of biotechnologies in global domination practices, and the importance of 
embracing “epistemological pluralism” as an unsettling but productive engagement with 
the complexities of building knowledge systems that are not Eurocentric or colonialist. 

 Jesse Daniels opens the section with an overview of cyberfeminist claims to the lib-
eratory potential of digital technologies, describing the tensions between theorists who 
celebrate disembodied identities as escaping oppressive conditions and theorists who 
see cyberspace as a new platform for the reassertion of race, gender, and class power 
relations. Francesca Bray defi nes the overarching goal of feminist technology studies (as 
distinct from feminist science studies) as an effort to analyze how technologies are impli-
cated in gender inequalities in order to work toward more democratic forms of technology, 
emphasizing the coproduction of technology with gender for specifi c innovations. Bray 
proposes that adoption of anthropological approaches to studying material culture, in 
particular the concept of sociotechnical systems, would enhance our ability to see how 
technologies travel with gender politics across time and space in systems that consoli-
date power and resist change. This approach shifts the topic from the characteristics of 
the innovation/gender relation to the processes by which some technologies, but not 
others, can (and perhaps do) disrupt oppression. 

 Catharina Landström’s essay points out that feminist technology studies’ commit-
ment to the notion of technology and gender as coproduced implies that technology is 
“gender authentic” for men, and alien to women, using a “heterosexual matrix” as the 
normative framework for talking about technologies (Butler 1999). Landström outlines 
the possibilities for rethinking technologies from a queer theory perspective to disrupt 
and abandon the sex/gender binary as inadequate for understanding the full range of 
power relations that infect women’s lives. Similarly, Petra Nordqvist reviews the specifi c 
case of reproductive technologies in relation to lesbian conception, noting the ways in 
which lesbians’ use of reproductive technologies presents a challenge to the heteronor-
mative undercurrents of feminist studies of infertility, conception, and reproduction. 

 The last two essays in this section, one by Catherine Waldby and Melinda Cooper, and 
the other by Sandra Harding, underscore the importance of transnational perspectives 
in theory and research on the global impacts of Western scientifi c and technological in-
novation. Waldby and Cooper tell a harrowing story about the emergence of a new and 
largely unregulated bioeconomy that appropriates tissue from women’s bodies for stem 
cell research. We close with Harding’s call for coalition between postcolonial and femi-
nist science studies because she adeptly reminds us that although women face threats 
(global and local) to health and safety that we dared not imagine ten years ago, the best 
path forward may require us to engage with the uncertainty of it all. 

 5. Thinking about how prevailing paradigms (principally the nature/nurture dichotomy, 
but also male/female, human/animal, science/technology) can direct or contain new 
insights 

 Feminist science studies began as a critique of deeply fl awed scientifi c claims to objec-
tivity and a thorough examination of the social embeddedness of all knowledge-making 
activity. Trends in feminist theory in the past decade are reshaping feminist science stud-
ies, provoking efforts to develop critical, methodological, and thematic directions that take 
seriously the dismantling of the sex/gender system. There are several streams to these new 
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directions, but they share a renewed commitment to building the kind of “better knowl-
edge” that perhaps most feminists endorse; that is, one that is fully  inclusive of women 
in all our global diversity, recognizes the multiplicity and simultaneity of social identities 
and sexualities, and envisions agentic and emerging social actors and selves in context. 
These new directions are unruly interdisciplinary forces that do not sit comfortably within 
traditional disciplines and can wreak havoc with conventional defi nitions of objectivity, 
detachment, and evidence. Psychology of gender, as one instance, is facing the troubling 
specter of complicity in generating catalogs of fi ndings about gender differences that may 
be methodological artifacts (Crawford 2012; Magnusson and Marecek 2012; Shields 2008). 
Is there a  There  there if gender identities are emergent in social interaction? Are the tangi-
ble and material constraints faced by those who are systematically marginalized so incon-
stant and ephemeral that they escape patterned stabilities? As Donna Haraway puts it, 
our “problem is how to have  simultaneously  an account of radical historical contingency 
for all knowledge claims and knowing subjects, a critical practice for recognizing our own 
‘semiotic technologies’ for making meanings,  and  a no-nonsense commitment to faithful 
accounts of a ‘real’ world.” Such a rethinking of prevailing paradigms of objectivity surely 
requires contesting (even abandoning) disciplinary boundaries. 

 The essays included in section 5 refl ect the trends, directions, and challenges of such 
new directions in feminist science studies. Taken together, they evoke conversations 
about how to best represent the natural world and our active community investments 
in those representations—the priorities we set, questions we ask, language we use, stan-
dards of evidence we require, and the limitations of our analytic tools. The section ends 
the book with a hopeful essay by Niamh Moore, who reminds us that feminism has a long 
and enduring history of collective action, however fragmented or diffuse it may seem 
from time to time. 

  *****
 On an ending note of collective action, then, this book stands as a call to action for re-
dedication to curriculum transformation efforts that fully embrace feminist science and 
technology studies within and outside of women’s and gender studies. One early premise 
in the push in the 1990s was that teaching “people-less” STEM courses suppressed or 
diverted the interests of everyone who valued STEM research and innovation as cata-
lysts for improving human health and well-being (Musil 2001; Rosser 1995, 1997). This 
dynamic may be especially salient for women and people of color, who have been his-
torically marginalized and excluded from education, research, and training in STEM 
fi elds. Research has demonstrated that including information about women and people 
of color in science classrooms improves students’ knowledge about women’s contribu-
tions in science and their assessment of the classroom climate (Damschen et al. 2005; 
Wyer et al. 2007). Energy for curriculum transformation has languished of late, and so 
we would like to posit a plan for steps in a national effort. First, we need to identify insti-
tutional partners and allies who have a commitment to the full participation of women 
and people of color in STEM. Second we need to develop a systematic process of trans-
ferring knowledge from feminist science and technology studies to other domains and 
departments (across the university). A third step, and one that is well underway, is to 
develop courses, curriculums, and concentrations that bring feminist science studies 
into routine interaction with STEM educators. A fourth step is to foster the conditions 
and climate that promote new research and knowledge within feminist science studies. 
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And the last (unapologetically empiricist) step is to explore and document the impacts 
that exposure to feminist science studies content has on student learning and interest in 
STEM fi elds. This is a worthy national project, one that provides a platform for more in-
clusive approaches to scientifi c and technological literacy and engagement. Our review 
of the literature, so necessary to assembling this textbook, reveals that we have a wealth 
of expertise, energy, and insight to offer higher education. 

 NOTES 

 1. See “The Campaign against Women,”  New York Times,  May 19, 2012; “Women Buying Health Policies Pay 
a Penalty,”  New York Times , October 29, 2008; “Overhaul Will Lower Costs of Being a Woman,”  New York 
Times , March 29, 2010; “Virginia Lawmakers Vote against Women’s Rights,”  New York Times , February 28, 
2012; “Three Rulings against Women’s Rights,”  New York Times , July 31, 2012; “Hey Baby! Women Speak Out 
against Street Harassment,” CNN, October 6, 2012; “Male-female Pay Gap Persists and Starts Early,”  New 
York Times,  October 24, 2012. 

 2. Subramaniam (2009) offers a thoughtful and useful overview that complements, but differs somewhat, 
from our characterization of the fi eld. 
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CHAPTER  1 

 Science Faculty’s Subtle Gender 
Biases Favor Male Students 

 Corinne A. Moss-Racusin, John F. Dovidio, Victoria L. Brescoll, 

Mark J. Graham, and Jo Handelsman 

 A 2012 report from the President’s  Council 
of Advisors on Science and Technology 
indicates that training scientists and engi-
neers at current rates will result in a defi cit 
of 1,000,000 workers to meet United States 
workforce demands over the next decade 
(1). To help close this formidable gap, the 
report calls for the increased training and 
retention of women, who are starkly under-
represented within many fi elds of science, 
especially among the professoriate (2–4). 
Although the proportion of science degrees 
granted to women has increased (5), there 
is a persistent disparity between the num-
ber of women receiving PhDs and those 
hired as junior faculty (1–4). This gap sug-
gests that the problem will not resolve itself 
solely by more generations of women mov-
ing through the academic pipeline but that 
instead, women’s advancement within ac-
ademic science may be actively impeded. 

 With evidence suggesting that biologi-
cal sex differences in inherent aptitude for 
math and science are small or nonexistent 
(6–8), the efforts of many researchers and 
academic leaders to identify causes of the 
science gender disparity have focused in-
stead on the life choices that may compete 
with women’s pursuit of the most demand-
ing positions. Some research suggests that 
these lifestyle choices (whether free or con-
strained) likely contribute to the gender 

imbalance (9–11), but because the majority 
of these studies are correlational, whether 
lifestyle factors are solely or primarily re-
sponsible remains unclear. Still, some 
researchers have argued that women’s pref-
erence for nonscience disciplines and their 
tendency to take on a disproportionate 
amount of child- and family-care are the 
primary causes of the gender disparity in 
science (9–11), and that it “is not caused by 
discrimination in these domains” (10). This 
assertion has received substantial attention 
and generated signifi cant debate among the 
scientifi c community, leading some to con-
clude that gender discrimination indeed 
does not exist nor contribute to the gender 
disparity within academic science (e.g., 
refs. 12 and 13). Despite this controversy, 
experimental research testing for the pres-
ence and magnitude of gender discrimina-
tion in the biological and physical sciences 
has yet to be conducted. Although acknowl-
edging that various lifestyle choices likely 
contribute to the gender imbalance in sci-
ence (9–11), the present research is unique 
in investigating whether faculty gender 
bias exists within academic biological and 
physical sciences, and whether it might 
exert an independent effect on the gender 
disparity as students progress through the 
pipeline to careers in science. Specifi cally, 
the present experiment examined whether, 
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objectivity and fairness are paradoxically 
particularly likely to fall prey to biases, in 
part because they are not on guard against 
subtle bias (24, 25). Thus, by investigating 
whether science faculty exhibit a bias that 
could contribute to the gender disparity 
within the fi elds of science, technology, en-
gineering, and mathematics (in which ob-
jectivity is emphasized), the current study 
addressed critical theoretical and practical 
gaps in that it provided an experimental 
test of faculty discrimination against fe-
male students within academic science. 

 A number of lines of research suggest 
that such discrimination is likely. Science 
is robustly male gender-typed (26, 27), re-
sources are inequitably distributed among 
men and women in many academic sci-
ence settings (28), some undergraduate 
women perceive unequal treatment of 
the genders within science fi elds (29), and 
nonexperimental evidence suggests that 
gender bias is present in other fi elds (19). 
Some experimental evidence suggests 
that even though evaluators report liking 
women more than men (15), they judge 
women as less competent than men even 
when they have identical backgrounds 
(20). However, these studies used under-
graduate students as participants (rather 
than experienced faculty members), and 
focused on performance domains outside 
of academic science, such as completing 
perceptual tasks (21), writing nonscience 
articles (22), and being evaluated for a cor-
porate managerial position (23). 

 Thus, whether aspiring women sci-
entists encounter discrimination from 
faculty members remains unknown. The 
formative predoctoral years are a critical 
window, because students’ experiences 
at this juncture shape both their beliefs 
about their own abilities and subsequent 
persistence in science (30, 31). Therefore, 
we selected this career stage as the focus 
of the present study because it represents 
an opportunity to address issues that 

given an equally qualifi ed male and female 
student, science faculty members would 
show preferential evaluation and treat-
ment of the male student to work in their 
laboratory. Although the correlational and 
related laboratory studies discussed below 
suggest that such bias is likely (contrary to 
previous arguments) (9–11), we know of no 
previous experiments that have tested for 
faculty bias against female students within 
academic science. 

 If faculty express gender biases, we are 
not suggesting that these biases are inten-
tional or stem from a conscious desire to 
impede the progress of women in science. 
Past studies indicate that people’s behav-
ior is shaped by implicit or unintended 
biases, stemming from repeated exposure 
to pervasive cultural stereotypes (14) that 
portray women as less competent but si-
multaneously emphasize their warmth 
and likeability compared with men (15). 
Despite signifi cant decreases in overt sex-
ism over the last few decades (particularly 
among highly educated people) (16), these 
subtle gender biases are often still held by 
even the most egalitarian individuals (17), 
and are exhibited by both men and women 
(18). Given this body of work, we expected 
that female faculty would be just as likely 
as male faculty to express an unintended 
bias against female undergraduate science 
students. The fact that these prevalent bi-
ases often remain undetected highlights 
the need for an experimental investigation 
to determine whether they may be present 
within academic science and, if so, raise 
awareness of their potential impact. 

 Whether these gender biases operate in 
academic sciences remains an open ques-
tion. On the one hand, although consider-
able research demonstrates gender bias in 
a variety of other domains (19–23), science 
faculty members may not exhibit this bias 
because they have been rigorously trained 
to be objective. On the other hand, research 
demonstrates that people who value their 
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male students in perceptions of compe-
tence and hireability, salary conferral, and 
willingness to mentor (hypothesis A); Fac-
ulty gender would not infl uence this gender 
bias (hypothesis B); Hiring discrimination 
against the female student would be medi-
ated (i.e., explained) by faculty perceptions 
that a female student is less competent 
than an identical male student (hypothesis 
C); and Participants’ preexisting subtle bias 
against women would moderate (i.e., im-
pact) results, such that subtle bias against 
women would be negatively related to 
evaluations of the female student, but un-
related to evaluations of the male student 
(hypothesis D). 

 RESULTS 

 A broad, nationwide sample of biology, 
chemistry, and physics professors ( n  = 127) 
evaluated the application materials of an 
undergraduate science student who had 
ostensibly applied for a science laboratory 
manager position. All participants received 
the same materials, which were randomly 
assigned either the name of a male ( n  = 63) 
or a female ( n  = 64) student; student gen-
der was thus the only variable that differed 
between conditions. Using previously vali-
dated scales, participants rated the student’s 
competence and hireability, as well as the 
amount of salary and amount of mentoring 
they would offer the student. Faculty partic-
ipants believed that their feedback would 
be shared with the student they had rated 
(see Materials and Methods for details). 

 Student Gender Differences 

 The competence, hireability, salary con-
ferral, and mentoring scales were each 
submitted to a two (student gender; male, 
female) × two (faculty gender; male, fe-
male) between-subjects ANOVA. In each 
case, the effect of student gender was sig-
nifi cant (all  P  < 0.01), whereas the effect 

manifest immediately and also resurface 
much later, potentially contributing to the 
persistent faculty gender disparity (32, 33). 

 CURRENT STUDY 

 In addition to determining whether faculty 
expressed a bias against female students, 
we also sought to identify the processes 
contributing to this bias. To do so, we inves-
tigated whether faculty members’ percep-
tions of student competence would help 
to explain why they would be less likely to 
hire a female (relative to an identical male) 
student for a laboratory manager posi-
tion. Additionally, we examined the role of 
faculty members’ preexisting subtle bias 
against women. We reasoned that perva-
sive cultural messages regarding women’s 
lack of competence in science could lead 
faculty members to hold gender-biased atti-
tudes that might subtly affect their support 
for female (but not male) science students. 
These generalized, subtly biased attitudes 
toward women could impel faculty to judge 
equivalent students differently as a func-
tion of their gender. 

 The present study sought to test for differ-
ences in faculty perceptions and treatment 
of equally qualifi ed men and women pur-
suing careers in science and, if such a bias 
were discovered, reveal its mechanisms and 
consequences within academic science. We 
focused on hiring for a laboratory manager 
position as the primary dependent variable 
of interest because it functions as a profes-
sional launching pad for subsequent oppor-
tunities. As secondary measures, which are 
related to hiring, we assessed: (i) perceived 
student competence; (ii) salary offers, which 
refl ect the extent to which a student is val-
ued for these competitive positions; and (iii) 
the extent to which the student was viewed 
as deserving of faculty mentoring. 

 Our hypotheses were that: Science fac-
ulty’s perceptions and treatment of stu-
dents would reveal a gender bias favoring 
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P  = 0.95] or hireable [ t (62) = 0.41,  P  = 0.69] 
than did male faculty. Female faculty also 
did not offer more mentoring [ t (62) = 0.29, 
 P  = 0.77] or a higher salary [ t (61) = 1.14, 
 P  = 0.26] to the female student than did their 
male colleagues. In addition, faculty partici-
pants’ scientifi c fi eld, age, and tenure status 
had no effect (all  P  > 0.53). Thus, the bias 
appears pervasive among faculty and is not 
limited to a certain demographic subgroup. 

 Mediation and Moderation Analyses 

 Thus far, we have considered the results for 
competence, hireability, salary conferral, 
and mentoring separately to demonstrate 
the converging results across these individ-
ual measures. However, composite indices 
of measures that converge on an underly-
ing construct are more statistically reliable, 
stable, and resistant to error than are each 

of faculty participant gender and their 
interaction was not (all  P  > 0.19). Tests 
of simple effects (all  d  > 0.60) indicated 
that faculty participants viewed the fe-
male student as less competent [ t (125) = 
3.89,  P  < 0.001] and less hireable [ t (125) = 
4.22,  P  < 0.001] than the identical male 
student ( Figure 1.1  and  Table 1.1 ). Fac-
ulty participants also offered less career 
mentoring to the female student than to 
the male student [ t (125) = 3.77,  P  < 0.001]. 
The mean starting salary offered the fe-
male student, $26,507.94, was signifi cantly 
lower than that of $30,238.10 to the male 
student [ t (124) = 3.42,  P  < 0.01] ( Figure 1.2 ). 
These results support hypothesis A. 

     In support of hypothesis B, faculty gender 
did not affect bias ( Table 1.1 ). Tests of sim-
ple effects (all  d  < 0.33) indicated that female 
faculty participants did not rate the female 
student as more competent [ t (62) = 0.06,  

1
Competence Hireability Mentoring
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 Figure 1 . 1   Competence, hireability, and 
mentoring by student gender 
condition (collapsed across 
faculty gender). All student gender 
differences are signifi cant 
( P  < 0.001). Scales range from 1 to 
7, with higher numbers refl ecting 
a greater extent of each variable. 
Error bars represent SEs.   n  male 
student condition = 63,   n  female 
student condition = 64.

 Figure 1.2   Salary conferral by student gender 
condition (collapsed across faculty 
gender). The student gender 
difference is signifi cant ( P  < 0.01). 
The scale ranges from $15,000 
to $50,000. Error bars represent 
SEs.   n  male student condition = 63, 
  n  female student condition = 64.
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of the individual items (e.g., refs. 34 and 35). 
Consistent with this logic, the established 
approach to measuring the broad concept 
of target competence typically used in this 
type of gender bias research is to stan-
dardize and average the competence scale 
items and the salary conferral variable to 
create one composite competence index, 
and to use this stable convergent measure 
for all analyses (e.g., refs. 36 and 37). Be-
cause this approach obscures mean sal-
ary differences between targets, we chose 
to present salary as a distinct dependent 
variable up to this point, to enable a direct 
test of the potential discrepancy in salary 
offered to the male and female student 
targets. However, to rigorously examine 
the processes underscoring faculty gender 
bias, we reverted to standard practices at 
this point by averaging the standardized 
salary variable with the competence scale 
items to create a robust composite compe-
tence variable (  = 0.86). This composite 
competence variable was used in all subse-
quent mediation and moderation analyses. 

 Evidence emerged for hypothesis C, 
the predicted mediation (i.e., causal path; 
see SI Materials and Methods: Additional 
Analyses for more information on medi-
ation and the results of additional medi-
ation analyses). The initially signifi cant 
impact of student gender on hireability 
(β = −0.35,  P  < 0.001) was reduced in mag-
nitude and dropped to nonsignifi cance 
(β = −0.10,  P  = 0.13) after accounting for the 
impact of student composite competence 
(which was a strong predictor, β = 0.69, 
  P  < 0.001), Sobel’s  Z  = 3.94,  P  < 0.001  
 ( Figure 1.3 ).   This pattern of results pro-
vides evidence for full mediation, indicat-
ing that the female student was less likely 
to be hired than the identical male because 
she was viewed as less competent overall. 

  We also conducted moderation analysis 
(i.e., testing for factors that could amplify or 
attenuate the demonstrated effect) to de-
termine the impact of faculty participants’ 



8 |   CORINNE A. MOSS-RACUSIN ET AL.

student gender. Results revealed that the 
more preexisting subtle bias participants 
exhibited against women, the less com-
posite competence (β = −0.36,  P  < 0.01) 
and hireability (β = −0.39,  P  < 0.01) they 
perceived in the female student, and the 
less mentoring (β = −0.53,  P  < 0.001) they 
were willing to offer her. In contrast, fac-
ulty participants’ levels of preexisting sub-
tle bias against women were unrelated 
to the perceptions of the male student’s 
composite competence (β = 0.16,  P  = 0.22) 
and hireability (β = 0.07,  P  = 0.59), and the 
amount of mentoring (β = 0.22,  P  = 0.09) 
they were willing to offer him. [Although 
this effect is marginally signifi cant, its di-
rection suggests that faculty participants’ 
preexisting subtle bias against women may 
actually have made them more inclined to 
mentor the male student relative to the fe-
male student (al-though this effect should 
be interpreted with caution because of its 
marginal signifi cance).] Thus, it appears 
that faculty participants’ preexisting sub-
tle gender bias undermined support for 
the female student but was unrelated to 
perceptions and treatment of the male stu-
dent. These fi ndings support hypothesis D. 

 Finally, using a previously validated 
scale, we also measured how much faculty 
participants liked the student (see SI Mate-
rials and Methods). In keeping with a large 
body of literature (15), faculty participants 
reported liking the female (mean = 4.35, 
SD = 0.93) more than the male student 
[(mean = 3.91, SD = 0.1.08), t(125) = −2.44, 
 P  < 0.05]. However, consistent with this pre-
vious literature, liking the female student 
more than the male student did not trans-
late into positive perceptions of her com-
posite competence or material outcomes in 
the form of a job offer, an equitable salary, 
or valuable career mentoring. Moreover, 
only composite competence (and not like-
ability) helped to explain why the female 
student was less likely to be hired; in me-
diation analyses, student gender condition 

preexisting subtle bias against women on 
faculty participants’ perceptions and treat-
ment of male and female science students 
(see SI Materials and Methods: Additional 
Analyses for more information on and the 
results of additional moderation analyses). 
For this purpose, we administered the Mod-
ern Sexism Scale (38), a well-validated in-
strument frequently used for this purpose 
(SI Materials and Methods). Consistent 
with our intentions, this scale measures 
unintentional negativity toward women, 
as contrasted with a more blatant form of 
conscious hostility toward women. Results 
of multiple regression analyses indi cated 
that participants’ preexisting subtle bias 
against women signifi cantly interacted with 
student gender to predict perceptions of 
student composite competence (β = −0.39, 
 P  < 0.01), hireability (β = −0.31,  P  < 0.05), 
and mentoring (β = −0.55,  P  < 0.001). To 
interpret these signifi cant interactions, we 
examined the simple effects separately by 

 Figure 1.3   Student gender difference hiring 
mediation. Values are standardized 
regression coeffi cients. The value 
in parentheses refl ects a bivariate 
analysis. The dashed line represents 
the mediated path. The composite 
student competence variable 
consists of the averaged standardized 
salary variable and the competence 
scale items. Student gender is coded 
such that male = 0, female = 1.   n  male 
student condition = 63,   n  female 
student condition = 64. *** P  < 0.001

Student
Competence
(Composite)

Student
Gender

Student
Hireability

(0.73∗∗∗)
0.69∗∗∗−0.37∗∗∗

(−0.35∗∗∗)
−0.10
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Additionally, moderation results indicated 
that faculty participants’ preexisting subtle 
bias against women undermined their per-
ceptions and treatment of the female (but 
not the male) student, further suggest-
ing that chronic subtle biases may harm 
women within academic science. Use of a 
randomized controlled design and estab-
lished practices from audit study method-
ology support the ecological validity and 
educational implications of our fi ndings 
(SI Materials and Methods). 

 It is noteworthy that female faculty 
members were just as likely as their male 
colleagues to favor the male student. The 
fact that faculty members’ bias was in-
dependent of their gender, scientifi c dis-
cipline, age, and tenure status suggests 
that it is likely unintentional, generated 
from widespread cultural stereotypes 
rather than a conscious intention to harm 
women (17). Additionally, the fact that fac-
ulty participants reported liking the female 
more than the male student further under-
scores the point that our results likely do 
not refl ect faculty members’ overt hostility 
toward women. Instead, despite express-
ing warmth to-ward emerging female sci-
entists, faculty members of both genders 
appear to be affected by enduring cultural 
stereotypes about women’s lack of science 
competence that translate into biases in 
student evaluation and mentoring. 

 Our careful selection of expert partic-
ipants revealed gender discrimination 
among existing science faculty members 
who interact with students on a regular 
basis (SI Materials and Methods: Subjects 
and Recruitment Strategy). This method 
allowed for a high degree of ecological va-
lidity and generalizability relative to an ap-
proach using nonexpert participants, such 
as other undergraduates or lay people unfa-
miliar with laboratory manager job require-
ments and academic science mentoring 
(i.e., the participants in much psycholog-
ical research on gender discrimination). 

(β = −0.48,  P  < 0.001) remained a strong pre-
dictor of hireability along with likeability (β 
= 0.60,  P  < 0.001). These fi ndings underscore 
the point that faculty participants did not 
exhibit outright hostility or dislike toward fe-
male students, but were instead affected by 
pervasive gender stereotypes, unintention-
ally downgrading the competence, hireabil-
ity, salary, and mentoring of a female student 
compared with an identical male. 

 DISCUSSION 

 The present study is unique in investigat-
ing subtle gender bias on the part of faculty 
in the biological and physical sciences. It 
therefore informs the debate on possible 
causes of the gender disparity in academic 
science by providing unique experimen-
tal evidence that science faculty of both 
genders exhibit bias against female under-
graduates. As a controlled experiment, it 
fi lls a critical gap in the existing literature, 
which consisted only of experiments in 
other domains (with undergraduate stu-
dents as participants) and correlational 
data that could not conclusively rule out 
the infl uence of other variables. 

 Our results revealed that both male and 
female faculty judged a female student to 
be less competent and less worthy of being 
hired than an identical male student, and 
also offered her a smaller starting salary 
and less career mentoring. Although the 
differences in ratings may be perceived as 
modest, the effect sizes were all moderate 
to large ( d  = 0.60–0.75). Thus, the current 
results suggest that subtle gender bias 
is important to address because it could 
translate into large real-world disadvan-
tages in the judgment and treatment of fe-
male science students (39). Moreover, our 
mediation fi ndings shed light on the pro-
cesses responsible for this bias, suggesting 
that the female student was less likely to 
be hired than the male student because 
she was perceived as less competent. 
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encounter biased judgments of their com-
petence and hireability, but also receive 
less faculty encouragement and fi nancial 
rewards than identical male counterparts. 
Because most students depend on feed-
back from their environments to calibrate 
their own worth (41), faculty’s assessments 
of students’ competence likely contribute 
to students’ self-effi cacy and goal setting 
as scientists, which may infl uence deci-
sions much later in their careers. Likewise, 
inasmuch as the advice and mentoring 
that students receive affect their ambitions 
and choices, it is signifi cant that the faculty 
in this study were less inclined to mentor 
women than men. This fi nding raises the 
possibility that women may opt out of aca-
demic science careers in part because of di-
minished competence judgments, rewards, 
and mentoring received in the early years 
of the careers. In sum, the predoctoral years 
represent a window during which students’ 
experiences of faculty bias or encourage-
ment are particularly likely to shape their 
persistence in academic science (30–33). 
Thus, the present study not only fi lls an im-
portant gap in the research literature, but 
also has critical implications for pressing 
social and educational issues associated 
with the gender disparity in science. 

 If women’s decisions to leave science 
fi elds when or before they reach the faculty 
level are infl uenced by unequal treatment 
by undergraduate advisors, then existing 
efforts to create more fl exible work settings 
(42) or increase women’s identifi cation 
with science (27) may not fully alleviate a 
critical underlying problem. Our results 
suggest that academic policies and mento-
ring interventions targeting undergraduate 
advisors could contribute to reducing the 
gender disparity. Future research should 
evaluate the effi cacy of educating faculty 
and students about the existence and im-
pact of bias within academia, an approach 
that has reduced racial bias among stu-
dents (43). Educational efforts might ad-
dress research on factors that attenuate 

The results presented here reinforce those 
of Stenpries, Anders, and Ritzke (40), the 
only other experiment we know of that re-
cruited faculty participants. Because this 
previous experiment also indicated bias 
within academic science, its results raised 
serious concerns about the potential for 
faculty bias within the biological and phys-
ical sciences, casting further doubt on as-
sertions(based on correlational data) that 
such biases do not exist (9–11). In the Stein-
preis et al. experiment, psychologists were 
more likely to hire a psychology faculty job 
applicant when the applicant’s curriculum 
vitae was assigned a male (rather than fe-
male) name (40). This previous work in-
vited a study that would extend the fi nding 
to faculty in the biological and physical sci-
ences and to reactions to undergraduates, 
whose competence was not already fairly 
established by accomplishments associ-
ated with the advanced career status of the 
faculty target group of the previous study. 
By providing this unique investigation of 
faculty bias against female students in bi-
ological and physical sciences, the present 
study extends past work to a critical early 
career stage, and to fi elds where women’s 
underrepresentation remains stark (2–4). 

 Indeed, our fi ndings raise concerns about 
the extent to which negative predoctoral ex-
periences may shape women’s subsequent 
decisions about persistence and career 
specialization. Following conventions es-
tablished in classic experimental studies to 
create enough ambiguity to leave room for 
potentially biased responses (20, 23), the stu-
dent applicants in the present research were 
described as qualifi ed to succeed in aca-
demic science (i.e., having coauthored   a pub-
lication after obtaining 2 years of research 
experience), but not irrefutably excellent. As 
such, they represented a majority of aspir-
ing scientists, and were precisely the type of 
  students most affected by faculty judgments 
and mentoring (see SI Materials and Meth-
ods for more discussion). Our results raise  
   the possibility that not only do such women 
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universities in the United States, stra-
tegically selected for their representa-
tive characteristics (see SI Materials and 
Methods for more information on de  p-
artment selection). The demographics of 
the 127 respondents corresponded to both 
the averages for the selected departments 
and faculty at all United States research-
intensive institutions, meeting the criteria 
for generalizability even from nonrandom 
samples (see SI Materials and Methods for 
more information on recruitment strategy 
and participant characteristics). Indeed, 
we were particularly careful to obtain a 
sample representative of the underlying 
population, because many past studies 
have demonstrated that when this is the 
case, respondents and nonrespondents 
typically do not differ on demographic 
characteristics and responses to focal 
variables (47). 

 Additionally, in keeping with recom-
mended practices, we conducted an a pri-
ori power analysis before beginning data 
collection to determine the optimal sam-
ple size needed to detect effects without 
biasing results toward obtaining signifi -
cance (SI Materials and Methods: Subjects 
and Recruitment Strategy) (48). Thus, al-
though our sample size may appear small 
to some readers, it is important to note 
that we obtained the necessary power and 
representativeness to generalize from our 
results while purposefully avoiding an un-
necessarily large sample that could have 
biased our results toward a false-positive 
type I error (48). 

 Procedure 

 Participants were asked to provide feed-
back on the materials of an undergraduate 
science student who stated their intention 
to go on to graduate school, and who had 
recently applied for a science laboratory 
manager position. Of importance, par-
ticipants believed they were evaluating 
a real student who would subsequently 

gender bias in real-world settings, such as 
increasing women’s self-monitoring (44). 
Our results also point to the importance 
of establishing objective, transparent stu-
dent evaluation and admissions criteria to 
guard against observers’ tendency to un-
intentionally use different standards when 
assessing women relative to men (45, 46). 
Without such actions, faculty bias against 
female undergraduates may continue to 
undermine meritocratic advancement, to 
the detriment of research and education. 

 CONCLUSIONS 

 The dearth of women within academic sci-
ence refl ects a signifi cant wasted opportu-
nity to benefi t from the capabilities of our 
best potential scientists, whether male or 
female. Although women have begun to 
enter some science fi elds in greater num-
bers (5), their mere increased presence is 
not evidence of the absence of bias. Rather, 
some women may persist in academic sci-
ence despite the damaging effects of unin-
tended gender bias on the part of faculty. 
Similarly, it is not yet possible to conclude 
that the preferences for other fi elds and 
lifestyle choices (9–11) that lead many 
women to leave academic science (even 
after obtaining advanced degrees) are not 
themselves infl uenced by experiences of 
bias, at least to some degree. To the extent 
that faculty gender bias impedes women’s 
full participation in science, it may under-
cut not only academic meritocracy, but also 
the expansion of the scientifi c workforce 
needed for the next decade’s advancement 
of national competitiveness (1). 

 MATERIALS AND METHODS 

 Participants 

 We recruited faculty participants from Bi-
ology, Chemistry, and Physics departments 
at three public and three private large, 
geographically diverse research-intensive 
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student, selected an annual starting salary 
for the student, indicated how much ca-
reer mentoring they would provide to such 
a student, and completed the Modern Sex-
ism Scale. 
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  CHAPTER 2 

 Snow Brown and the Seven Detergents 

 A Metanarrative on Science and the Scientifi c Method 

 Banu Subramaniam 

 Once upon a time, deep within a city in the 
Orient, lived a young girl called Snehalatha 
Bhrijbhushan. She spent her childhood 
merrily playing in the streets with her 
friends while her family and the neighbors 
looked on indulgently. “That girl, Sneha [as 
they called her], is going to become some-
one famous someday,” they would all say. 
Sneha soon became fascinated with the 
world of science. One day she announced, 
“I am going to sail across the blue oceans 
to become a scientist!” 

 There was silence in the room. “You can 
be a scientist here, you know.” 

 “But I want to explore the world,” said 
Sneha. “There is so much to see and learn.” 
“Where is this place?” they asked. 

 “It’s called the Land of the Blue Devils.” 
 “But that is dangerous country,” they 

cried. “No one has ever been there and 
come back alive.” 

 “Yes, I know,” said Sneha. “But I have 
been reading about it. It is in the Land of 
the Kind and Gentle People. In any case, I 
can handle it.” 

 Her friends and family watched her an-
imated face and knew that if anyone could 
do it, it would be brave Sneha, and so they 
relented. The city watched her set out and 
wished her a tearful farewell. She promised 
to return soon and bring back tales from 
lands afar. For forty-two days and nights 

Sneha sailed the oceans. Her face was 
aglow with excitement, and her eyes were 
fi lled the stars. “It’s going to be wonderful,” 
she told herself. 

 And so one fi ne day she arrived in the 
Land of the Blue Devils. She went in search 
of the Building of Scientifi c Truth. When she 
saw it, she held her breath. There it stood, 
tall and slender, almost touching the skies. 
Sneha shivered. “Don’t be silly,” she told 
herself. She entered the building. The fl oors 
were polished and gleaming white. It all 
looked so grand and yet so formidable. She 
was led into the offi ce of the Supreme White 
Patriarch. The room was full. “Welcome, 
budding Patriarchs,” he said, “from those of 
us in the Department of the Pursuit of Sci-
entifi c Truth. But let me be perfectly frank. 
These are going to be diffi cult years ahead. 
This is no place for the weak or the emo-
tional or the fi ckle. You have to put in long, 
hard hours. If you think you cannot cut it, 
you should leave now. Let me introduce you 
to our evaluation system. Come with me.” 

 He led them across the hall into a huge 
room. At the end of the room stood a mir-
ror, long and erect and oh so white. “This 
is the Room of Judgment,” he continued. 
“The mirror will tell you how you’re doing. 
Let me show you.” He went to the mirror 
and said, “Mirror, mirror on the wall, who 
is the fairest scientist of them all?” 
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 The mirror replied, “Not you, you’re los-
ing this game, you with the unpronounce-
able name!” 

 Sneha was very depressed. Things 
were not going as she had expected. “Oh, 
mirror,” she cried, “everything has gone 
wrong. What do I do?” 

 “More than anything,” said the mirror, 
“you have to learn to act like a scientist. 
That’s your fi rst task. Deep within the for-
ests lives the Wise Matriarch in the House 
of the Seven Detergents. Go see her, she 
will help you.” 

 Sneha set out to meet the Wise Matri-
arch. “Come in, child,” she said. “What 
seems to be the problem?” She appeared to 
be a very kind woman, and Sneha poured 
out her misery. 

 “I know this is a very diffi cult time for 
you, but it is also a very important one,” 
the Matriarch said. 

 “Why do they call you the Wise Matri-
arch?” Sneha inquired. 

 “I joined the Department of the Pursuit 
of Scientifi c Truth some twenty years ago,” 
the Matriarch replied. “That is why I un-
derstand what you’re going through. I was 
expelled. When the department offered me 
this position, I felt I could begin changing 
things. Over the years I have advised many 
budding Patriarchs. You could say I’ve 
earned my reputation. 

 “My child,” she went on, “this is where 
the department sends its scientifi c misfi ts. 
Let me show you what they would like me 
to have you do.” She led Sneha to a room, 
and in it stood seven jars. “These are the 
seven detergents,” she said. “With them 
you can wash away any part of yourself you 
don’t want. But the catch is that once you 
wash it away, you have lost it forever.” 

 Sneha was excited. “First I’d like to get 
rid of my name and my accent. The mirror 
told me that.” 

 The Wise Matriarch shook her head, 
“My child, do not give away your identity, 

 “You are, O Supreme White Patriarch!” 
said the mirror. 

 The Patriarch laughed. “That is what all 
of you should aspire to. And one day when 
it calls out your name, you will take my 
place. But until then, you will all seek Truth 
and aspire to be number one. We want 
fi ghters here, Patriarchs with initiative and 
genius. And as for those who are consis-
tently last in the class for six months . . . 
well, we believe they just do not have the 
ability to pursue Scientifi c Truth, and they 
will be expelled. Go forth, all ye budding 
Patriarchs, and fi nd Scientifi c Truth.” 

 Everyone went their way. Sneha found 
herself in the middle of the hallway all alone. 
“Go fi nd Truth?” she said to herself. Was this 
a treasure hunt? Did Truth fall from the sky? 
She was very confused. This was not what 
she had thought it would be like. She went 
looking for her older colleagues. “Where 
does one fi nd Scientifi c Truth?” she asked. 

 “Well,” said he, “fi rst you have to fi nd 
the patronage of an Associate Patriarch or 
an Assistant Patriarch. You will have a year 
to do that. Until then, you take courses 
they teach you and you learn about Truths 
already known and how to fi nd new Truths. 
During this time you have to learn how to 
be a scientist. That is very important, but 
don’t worry, the mirror will assist you.” 

 “How does the mirror work?” asked 
Sneha. 

 “Well, the mirror is the collective con-
sciousness of all the Supreme White Pa-
triarchs across the Land of the Kind and 
Gentle People. They have decided what it 
takes to be the ideal scientist, and it is what 
we all must dream of and aspire and work 
toward if we want to fi nd Scientifi c Truth. 
You must check with the mirror as often as 
you can to monitor your progress.” 

 Sneha tiptoed to the Room of Judgment, 
stood in front of the mirror, and said, “Mir-
ror, mirror on the wall, who is the fairest 
scientist of them all?” 
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 “But that’s ridiculous,” she said. “Most 
of what is said is just plain dumb. Have 
you listened to some of them? They like the 
sound of their voices so much.” 

 “That may be true, but that is the way. 
You have to make an impression, and sit-
ting and listening like a lump of clay is not 
the way. And another thing—why did you 
let the others operate the machine in the 
lab? You have to take initiative.” 

 “That was a ten-thousand-dollar ma-
chine. What if I broke it? I’ve never used it 
before.” “Leave your Third World mentality 
behind. The Patriarchs see it as a lack of 
initiative. 

 They think you are not interested. You 
have to shoot for number one, be the very 
best. You have to act like a scientist, like a 
winner. Girl, what you need is a good dose 
of arrogance and ego.” 

 Snow Brown was a little perturbed. She 
was disturbed by what she saw around her. 
Did she really want to act like some of the 
people she had met? What had happened 
to kindness, a little humility, helping each 
other? Just how badly did she want this, 
anyway? Her family was going to hate her 
when she went back. They would not rec-
ognize her. She thought long and hard and 
fi nally decided to go ahead. 

 She went back to the House of the Seven 
Detergents and used the anti-Third World 
detergent. When the Great Washing Ma-
chine was done, she came striding out, 
pride oozing out of every pore. The next 
day the Supreme White Patriarch called 
for her. “So, what kind of progress are you 
making in your search for Scientifi c Truth?” 
he asked. 

 “Well,” she said, “the mirror has kept 
me occupied with learning to act like a 
scientist. 

 Surely you can’t expect me to make as 
much progress as the others, considering.” 

 “We don’t like students making excuses, 
Snow Brown. You had better make some 

your culture—they are part of you, of who 
you are,” she cried. 

 “But,” said Sneha, “I’ve always dreamed 
of being a scientist. I spent all my savings 
coming here, and I cannot go back a fail-
ure. This is truly what I want.” Sneha got 
into the Great Washing Machine with the 
fi rst detergent.  Rub-a-dub-a-dub, rub-a-
dub-a-dub,  went the detergent. 

 “You may come out now, Snow Brown. 
Good luck.” 

 Snow Brown went back amazed at how 
differently her tongue moved. For the next 
week she met the other budding Patriarchs, 
decided on her courses, and went out so-
cializing with her colleagues. But every-
thing was new in this land: how people ate 
and drank, even what people ate and drank. 
She felt stupid and ignorant. And just as she 
expected, when she went to the mirror, it 
told her that such behavior was quite un-
scientifi c and that she had to learn the right 
etiquette. Off she went again to the House 
of the Seven Detergents and used two other 
detergents that worked their miracles in 
the Great Washing Machine. 

 “Now I act like everyone else,” she said, 
satisfi ed. 

 Snow Brown went to her classes. She 
thought them quite interesting. But the 
professors never looked her in the eye and 
never asked for her opinions. “Maybe they 
think I’m stupid,” she said to herself. In 
class discussions everyone spoke up. Some 
of the things they said were pretty stupid, 
she thought. And so she would gather up 
her courage and contribute. She was met 
with stony silence. On some occasions 
others would make the same point, and 
the professor would acknowledge it and 
build on it. 

 She knew the mirror would be unhappy 
with her, and sure enough, she was right. 
“You have to be more aggressive,” it said. 
“It doesn’t matter so much what you say as 
how you say it.” 
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 “Aha!” cried Snow Brown triumphantly. 
“You throw emotionalism and subjectivity 
at me. Listen to yourself. You are reading 
into nature what you see in yourself. I hap-
pen to believe that mutualisms are very im-
portant in the world. The Patriarchs have 
decided to work with a particular model. It 
doesn’t mean that it’s the only way.” 

 “Get realistic,” said the mirror, laugh-
ing. “You need the patronage of an Associ-
ate or Assistant Patriarch. You need to get 
money from the Supreme White Patriarch 
to do the research. Don’t forget you need to 
please the Patriarch to get ahead. And you 
are still way behind in the game. This is not 
the time to get radical, and you are not the 
person to do it.” 

 Convinced that pragmatism was the 
best course, the overconfi dent Snow Brown 
developed her ideas, talked in classes, and 
aggressively engaged the Patriarchs in di-
alogue. She was supremely happy. Things 
were fi nally going her way. She went to the 
mirror and said, “Mirror, mirror on the wall, 
who is the fairest scientist of them all?” 

 And the mirror replied, “It sure ain’t you, 
Snow Brown. You’re still the last one in town.” 

 Snow Brown could not believe her ears. 
“I act and think like everyone around me. I 
am even obnoxious at times. What could I 
possibly still be doing wrong?” 

 “You’re overdoing it,” said the mirror. 
“You don’t know everything. You should be 
a little more humble and subservient.” 

 “Am I hearing things? I don’t see anyone 
else doing that. This place does not vali-
date that. You told me that yourself. What 
is really going on here?” 

 “When I advised you last,” answered the 
mirror, “I advised you the way I would ad-
vise anyone, but I’ve been watching how 
the other Patriarchs interact with you. Ap-
parently their expectations of you are dif-
ferent. You’re brown, remember?” 

 Snow Brown was furious. She stormed 
out and went to the House of the Seven De-
tergents, and the sixth detergent washed 

progress, and real soon. There is no place 
for laziness here.” 

 Snow Brown started developing some 
of her ideas. She went to the mirror to talk 
them over. 

 “I’m thinking of working with mutual-
isms,” she said. “Organisms associate with 
each others in numerous ways ecologi-
cally. They can both compete for the same 
resources as in competition. Some live off 
other organisms, and that’s called parasit-
ism. When organisms get into ecological 
relationships with each other that are mu-
tually benefi cial, it’s called mutualism.” 

 “To be frank, Snow Brown, I would rec-
ommend studying competition or parasit-
ism.” “But most of the studies of ecological 
interactions have focused on them,” Snow 
Brown said. “I am amazed that there has 
been so little study of mutualisms. We 
know of some examples, but just how prev-
alent mutualisms are is still up in the air. 
For all we know, they may be a fundamen-
tal principle that describes demographic 
patterns of organisms on our planet.” 

 “Whoa! Whoa!” cried the mirror. “You’re 
getting carried away with your emotions. 
We would all like a and-they-lived-happily-
ever-after kind of fairy tale. You are vio-
lating one of the fundamentals of doing 
science—objectivity. You don’t pursue a 
study because you think it would be ‘nice.’ 
You base it on concrete facts, data. Then 
you apply the scientifi c method and inves-
tigate the problem.” 

 “I do agree that the scientifi c method may 
have merit,” she said. “I will use it to study 
mutualisms. But tell me, why do you think 
competition has been so well studied?” 

 “That’s because competition is so im-
portant. Just look around you,” the mirror 
replied. 

 “Are the Patriarchs working with each 
other for their mutual benefi t, or are they 
competing? 

 This is what I do—promote competi-
tion. It is nature’s way.” 
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 The other Patriarchs nodded in agree-
ment at the unfortunate event. 

 “There is no reason for anyone to see 
this story, is there?” said the Patriarch who 
had initially spoken. 

 The others concurred, and they poured 
the last detergent on her. When they were 
done, there was nothing left. No pathetic 
face, no ugly reminders, no evidence. 

 ENDING 2: INTO EMPIRICISM 

 Snow Brown in her subversive wisdom sent 
copies of her story and insights to all in the 
department. There were some who kept 
the tale alive. It soon became apparent that 
there were dissenters within the Patriarchy. 
They broke their silence, and the move-
ment slowly grew. Scientists began form-
ing coalitions, talking and supporting each 
other in forming pockets of resistance. 
They questioned the power inequities. 
Why are most Patriarchs white? Why are 
most of them men? Over many decades the 
negotiations continued. Women scientists 
and scientists of color rose in the power 
structure. The collective consciousness 
was now male, female, and multicolored. 
But it was still supreme. It was privileged. 
The Pursuit for Truth continued, although 
new Truths emerged—Truths from the per-
spective of women, from the black, brown, 
yellow, red and the white. The world had 
become a better place. 

 ENDING 3: A POSTMODERN FANTASY 

 The story of Snow Brown spread like wild-
fi re. The Land of the Blue Devils was ablaze 
with anger and rage. The Wise Matri-
arch and a number of budding Patriarchs 
stormed the Department of the Pursuit of 
Scientifi c Truth and took it over. The mirror 
was brought down. The Room of Judgment 
was transformed into the Room of Nego-
tiation. In their fi rst meeting after all this 
occurred, the scientists sat together. “We 

her brownness away. She was now Snow 
White. She marched back to the Depart-
ment of Scientifi c Truth. All the Patriarchs 
stared at her. They suddenly realized that 
what stood before them was a woman, and 
a beautiful one at that. 

 “Well, am I white enough for the lot of 
you now?” she demanded. 

 “Oh, but you’re too pretty to be a scien-
tist,” cried the Supreme Patriarch. 

 “You can be a technician in my lab,” said 
another. 

 “No, in mine!” urged yet another. 
 The Wise Matriarch had been right. 

Sneha had now lost her whole identity, and 
for what? Why had she not seen this com-
ing? she asked herself. How could she ever 
have been the fairest scientist? How could 
she have been anything but last when 
judged by a mirror that wanted to produce 
clones of the Supreme White Patriarch? She 
went to the House of the Seven Detergents. 

 “It’s too late, my child,” said the Wise Ma-
triarch. “You cannot go back now. I warned 
you about it. I wish I had more resources 
to support you and others like you. I have 
seen this happen far too often. It is import-
ant for you to communicate this to others. 
You must write down what has happened 
to you for future generations.” 

 Two days later they discovered Sneha’s 
cold body on the fl oor of her room. Her 
face looked tortured. In her sunken eyes 
was the resigned look of someone who had 
nothing more to lose to the world she had 
come to live in. On the nightstand by her 
body rested a tale entitled “Snow Brown 
and the Seven Detergents.” 

 ENDING 1: AND INJUSTICE PREVAILS 

 The Patriarchs stood around the body. “It 
is so sad,” said one. “But she was too emo-
tional, a very fuzzy thinker. Some people 
are just not meant to pursue Scientifi c 
Truth. I wish they would accept it and leave 
instead of creating all this melodrama.” 
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science and rewriting scientifi c knowl-
edge. The House of the Seven Detergents 
was dismantled, and the detergents were 
rendered invisible. The new Department 
of Scientifi c Endeavor was very productive. 
Its faculty and students solved many prob-
lems that had eluded the world for years. 
They became world renowned, and their 
model was adopted far and wide. 

 If you are ever in the forests in the Land 
of the Blue Devils and come across the 
voice of an old-school scientist arguing 
vociferously, you know you have stumbled 
across the ghosts of Snow Brown and the 
Seven Detergents.  

need a different model,” they said. They 
dismantled the positions of the Supreme 
White Patriarch, the Emeritus Patriarch, 
the Associate Patriarch, the Assistant Pa-
triarch, and the Young Patriarch. “We will 
be self-governing,” they decided. They de-
bunked the myth that truth was a mono-
lithic entity. “Truth is a myth,” they said. 
“One person’s truth is often privileged over 
someone else’s. This is dangerous. The Pa-
triarchs privileged their worldview over all 
others. This distorts knowledge and makes 
an accurate description of the world im-
possible.” Together they decided they 
could help each other in reconstructing 



  CHAPTER 3 

 State of Knowledge about the Workforce 
Participation, Equity, and Inclusion of Women 

in Academic Science and Engineering   
 Diana Bilimoria and Xiangfen Liang 

 We include science, technology, engineer-
ing, and mathematics (STEM) fi elds as well 
as the social and behavioral sciences (SBS), 
under the overall rubric of science and en-
gineering (S&E). The inclusion of women 
in S&E is directly connected to the future 
composition of the nation’s S&E work-
force and to the continued development 
of a globally competitive marketplace for 
talent. 

 THE PARTICIPATION OF WOMEN IN 
THE SCIENCE AND ENGINEERING 
WORKFORCE 

 In the past 20 years, the proportion of 
women and minorities in S&E occupations 
has increased considerably. As indicated in 
 Figure 3.1   , college-educated women con-
stituted 27% of S&E occupation holders 
in 2007, up from 22% in 1990 (Science and 
Engineering Indicators 2010,  Figure 3.27 , 
pp. 3–32). The proportion of women with 
doctoral degrees in S&E occupations was 
34% in 2007, up from 23% in 1990. Among 
workers whose highest degree is S&E 
bachelor’s, the share of women has risen 
to above 60% in social sciences and life 
sciences in the recent cohort 2002–2005 
(National Science Foundation 2010,  Fig-
ure 3.29 ). Similarly, among workers whose 
highest degree is S&E doctorate, women 

also remained a higher percentage in the 
recent cohort (2002–2005), especially in so-
cial sciences (about 60%) and life sciences 
(about 45%) (National Science Foundation 
2010,  Figure 3.30 ). 

 In the STEM professional workforce, 
women were 19% of all managers and 15% 
of top-level managers in business or in-
dustry compared with 34% of all scientists 
and engineers in business or industry in 
2006 (National Science Foundation 2009). 
They constituted 8% of engineering man-
agers and 11% of natural sciences manag-
ers. Only in medical and health services 
were women more than half of managers 
(National Science Foundation 2009). 

 The workforce participation of women 
in the STEM professions is considerably 
larger at lower rungs in the corporate 
hierarchy–41% of qualifi ed scientists, engi-
neers, and technologists are women–yet, 
over time, 52% of these women quit their 
jobs, not in a steady trickle, but during 
their mid to late thirties (Hewlett, Luce, 
Servon, et al. 2008). These authors pro-
vide a fi vefold explanation of this massive 
brain drain: hostile macho cultures, isola-
tion from being the lone woman on a team 
or site, systems of reward that emphasize 
risk-taking, extreme work pressures, and 
lack of clarity about career paths (Hewlett, 
Luce, Servon et al. 2008). 
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men earned a majority of bachelor’s degrees 
awarded in engineering, computer sciences, 
and physics (81%, 81%, and 79%, respec-
tively) while women earned half or more of 
bachelor’s degrees in psychology (77%), bio-
logical sciences (60%), social sciences (54%), 
agricultural sciences (50%), and chemistry 
(50%). Fields with marked increases in the 
proportion of bachelor’s degrees awarded 
to women from 1993 to 2007 are earth, at-
mospheric, and ocean sciences (from 30% 
to 41%); agricultural sciences (from 37% 
to 50%); and chemistry (from 41% to 50%), 
However, women’s share of bachelor’s de-
grees in computer sciences, mathematics, 
and engineering has declined in recent years. 

   Women’s participation in graduate S&E  
 fi elds has also increased, Women made 
up 42% of S&E graduate students in 1993 
and 50% in 2006, although large variations 
among fi elds persist. In 2006, women con-
stituted the majority of graduate students 
in psychology (76%), medical/other life 
sciences (78%), biological sciences (56%), 
and social sciences (54%). They consti-
tuted close to half of graduate students in 

   THE PARTICIPATION OF WOMEN 
STUDENTS IN S&E FIELDS 

 Women also made considerable progress 
in obtaining S&E degrees over the years. 
 Figure 3.2  presents the representation of 
women by earned degree from 1993 to 
2007. In 2007, 485,772 students earned 
bachelor’s degrees in the United States, 
and half of them (244,075) were women, 
up from 45% (165,720 out of 366,035) in 
1993. Since 2000, half of the S&E bachelor 
degree’s recipients have been women. At 
the graduate-school level, women students 
constituted 46% (54,925 out of 120, 278) of 
S&E master degree’s recipients in 2007, up 
from 36% (30,971 out of 86,425) in 1993. The 
percentage of female students who earned 
S&E doctoral degrees also increased, up 
from 32% in 1993 to 47% in 2007. 

 According to Science and Engineering In-
dicators 2010 (National Science Foundation 
2010), women earned 58% of all bachelor’s 
degrees since 2002 and about half of all S&E 
bachelor’s degrees since 2000, but major 
variations persist among fi elds. In 2007, 

 Figure 3.1      Women and racial/ethnic minorities 
with college or doctorate degrees 
in science and engineering 
occupations: 1990, 2000, 2007.

 Source:  Adapted from Figures 3–27 and 3–28, Science 
and Engineering Indicators 2010 (p.33), National 
Science Foundation.
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 Figure 3.2      Women as a percentage of 
students by earned degree in S&E: 
1993–2007.

 Source:  Data drawn from Appendix Tables 2–12, 2–26, 
2–28, Science and Engineering Indicators 2010, 
National Science Foundation (www.nsf.gov.statistics/
seind10).
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early 1970s; the full-time nonfaculty share 
rose from 6% in 1973 to 13% in 2006; and 
postdocorates rose from 4% in 1973 to 9% 
of all academically employed S&E doctor-
ate holders in 2006 (Science and Engineer-
ing Indicators 2010, Table  5. 6, pp. 5–20). 
Along with these movements, women have 
gained an increasing share of the academic 
workforce composition. In 2006, 33% of all 
S&E doctorate holders employed in aca-
demia were women, up from 9% in 1973 
(Science and Engineering Indicators 2010, 
Table 5.9, pp. 5–22). Women doctorate 
holders constituted more than half of part-
time positions in academic S&E during 
1993 and 2006. 

 In academic S&E fi elds, women hold a 
larger share of junior faculty positions than 
senior positions. In 2006, women consti-
tuted 25% of full-time senior faculty (full 
and associate professors) and 42% of full-
time junior faculty (assistant professors and 
lecturers). Despite these gains, women are 
signifi cantly more likely to hold nontenure-
track positions (30% of full-time women 
faculty compared to 18% of men), are ap-
pointed to tenure track positions in most 
fi elds in far lower proportions than their 
representation in the candidate pool of 
doctoral degrees granted in the last decade, 
and are less likely to be tenured faculty 
than men, especially in doctoral institu-
tions where “full-time women faculty are 
only half as likely as men to have tenure” 
(West & Curtis 2006, 10). Importantly, the 
percentage of women with S&E doctorates 
(including social and behavioral sciences) 
who are full-time full professors increased 
from 14% in 1999 to 20.6% in 2008; how-
ever, the percentage of under-represented 
minority S&E doctorate holders in full pro-
fessor positions remained relatively fl at, 
from 4.5% in 1999 to 5.7% in 2008 (National 
Science Foundation 2011). 

     Figure 3.3  shows the relative status of 
women doctorate holders by academic 
positions held. Overall, women doctorate 

earth, atmospheric, and ocean sciences 
(47%) and agricultural sciences (48%) and 
more than one-third of graduate students 
in mathematics (37%), chemistry (40%), 
and astronomy (34%), Their percentages 
in computer sciences (25%), engineering 
(23%), and physics (20%) were low in 2006, 
although higher than in 1993 (23%, 15%, 
and 14%, respectively) (National Science 
Foundation 2010). 

 In 2009 women’s share of engineering 
degrees hovered around 20% at all degree 
levels—17.8% of bachelor’s degrees, 23% of 
master’s degrees, and 21.2% of doctoral de-
grees. The percentage of women awarded 
doctoral degrees in engineering increased 
from 15.9% in 2000 to 21.2% in 2009 (Gib-
bons 2009). However, there is large variance 
by fi eld: women’s percentage of doctoral 
degrees varied from 12.6% in nuclear engi-
neering to 37.7% in biomedical engineering 
(Gibbons 2009). 

 In brief, the number of female students 
and PhD recipients in S&E fi elds has been 
increasing in recent years. However, as 
the numbers presented in the next sec-
tion show, these increases do not refl ect 
corresponding increases in the number of 
female faculty in STEM areas, particularly 
at higher ranks, prompting many to refer 
to this phenomenon as a ‘leaky pipeline’ of 
faculty in these fi elds. 

 THE PARTICIPATION OF WOMEN 
FACULTY IN ACADEMIC S&E FIELDS 

 The job market of academic S&E disci-
plines has changed substantially in the 
past few decades. Full-time faculty po-
sitions have been declining, and post-
doctoral and other full-time nonfaculty 
positions (e.g., research associates, adjunct 
appointments, and lecturers) have been 
increasing since the early 1970s (National 
Science Foundation 2010). The full-time 
faculty share of all academic employment 
was 72% in 2006, down from 88% in the 
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engineering, women constituted 12.7% 
of the tenured or tenure-track faculty in 
2009 (up from 10.4% in 2004)—21.6% of 
assistant professors (17.9% in 2004), 14.5% 
of associate professors (12.4% in 2004), 
and 7.7% of full professors (5.8% in 2004) 
(Gibbons 2009). By fi eld, the percentage of 
women tenured or tenure-track faculty in 
2009 varied from 6% in mining engineer-
ing to 22.1% in environmental engineering 
(Gibbons 2009). 

 Academic chemistry exhibits very sim-
ilar patterns of the underrepresentation 
of women, even though relatively more 
women complete doctoral degrees in 
chemistry. In 2003–2004, women held only 
12% of all tenure-track faculty positions 
and only 21% of assistant professor posi-
tions at the top 50 chemistry departments 
(Nolan, Buckner, Kuck, & Marzabadi 2004). 
The American Chemical Society reported 
that the percentages of full-time, female, 
doctorate faculty members at PhD-granting 
universities, master’s granting institutions, 
baccalaureate institutions, and two-year 
colleges were 13%, 20%, 26%, and 32%, re-
spectively (Nolan et al. 2004). 

 The estimated total number of full-time 
faculty in mathematical sciences for 2004–
2005 was 20,224, of which 5,302 (26%) were 
females (Kirkman, Maxwell, & Rose 2005). 
The number of females as a percentage 
of full-time faculty varied considerably 
among the groups in 2004, from 12% for 
doctoral-granting departments in private 
institutions to 32% for master’s-granting 
departments. In fall 2004, the percentage of 
women in mathematical sciences was gen-
erally higher in statistics (26%) than in the 
doctoral mathematics groups (18%). Simi-
larly, the percentage of tenured faculty who 
are women was highest in departments 
granting either a master’s or a baccalaureate 
degree only (21%), and lowest in doctoral-
granting departments (9%). Women in mat -
hematical sciences accounted for 52% of 
non-doctoral full-time faculty, and 4% 

holders have made encouraging progress 
in occupying academic positions but they 
are under-represented at senior faculty po-
sitions, and moderately represented at the 
junior faculty positions. 

 Analyses of the workforce participation 
of women faculty reveal under represen-
tation in several STEM fi elds. Leboy (2008) 
noted that since close to half of the top 
ten National Institutes of Health–funded 
academic health centers in 2006 had no 
women among their junior tenure-track 
faculty in their biochemistry and cell biol-
ogy departments, a young woman might 
get the impression that her shot at a fac-
ulty position in these schools would be 
diffi cult, if not out of reach. In schools of 

 Figure 3.3      Women as a percentage of S&E 
doctorate holders by position in 
academic employment: selected 
years, 1973–2006.

 Source:  Drawn from Tables 5–9, p. 5–22, Science and 
Enginee ring Indicators 2010, National Science 
Foundation.

 Notes:  Academic employment limited to U.S. doctorate 
holders employed at 2- or 4-year colleges or 
universities. Senior faculty includes professors and 
associate professors. Junior faculty includes assistant 
professors and instructors. Full-time non-faculty 
includes positions such as research associates, adjunct 
positions, lecturers, and administrative positions. 
Part-time employment excludes those employed 
part-time because they are students or retired.
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Astin and Cress (2003) reported that male 
faculty attained tenure in a shorter amount 
of time than female faculty in all fi elds, 
with the exception of engineering. Other 
research has shown that women are less 
likely than men to receive tenure or pro-
motion in STEM fi elds (Rosser & Daniels 
2004). It has also been pointed out that 
the gender gap in compensation may be 
due in part to gender differences in rank, 
fi eld (Astin and Cress 2003), and promo-
tions (National Science Foundation 2003). 
As Astin and Cress (2003, 58) note, “At re-
search universities, 25% of men are in the 
more highly paid fi elds of physical science, 
mathematics/statistics, and engineering 
combined, compared to 6% of women. 
Likewise, more than twice as many women 
(33%) as men (16%) are in the less fi nan-
cially lucrative fi elds of education, health 
science and humanities combined.” 

 EDUCATIONAL ATTAINMENT AND 
WORKFORCE PARTICIPATION OF 
MINORITIES IN ACADEMIC S&E 

 Underrepresented minorities (blacks, His-
panics, and American Indians/Alaska 
Natives as a group) and Asians/Pacifi c 
Islanders earned 17.4% and 8.7% of S&E 
bachelor’s degrees in 2008, up from 15.9% 
and 8.2% in 2000 (National Science Foun-
dation 2011). Underrepresented minori-
ties (URMs) earned 7.2% of S&E doctorates 
to U.S. citizens and permanent residents 
in 2008, up from 6% in 2000, while Asians/
Pacifi c Islanders earned 5.8% of S&E doc-
torates in 2009, down from 6.2% in 2000. 
URM and Asian shares of S&E bachelor’s 
and doctoral degrees have risen slightly or 
fl attened over the last decade; more im-
portantly, they remain a small proportion 
of the total (National Science Foundation 
2011). Underrepresented minorities con-
stituted 10% of all scientists and engineers 
in business or industry in 2006, 7% of top-
level managers, and 6%–13% of managers 

of the part-time faculty in 2004. The per-
centage of tenured/tenure-track women 
faculty in mathematical sciences over the 
period 1998–2004 remained relatively sta-
ble (Kirkman et al. 2005). 

 Among S&E doctorate holders with ac-
ademic faculty positions in four-year col-
leges and universities, females are less 
likely than males to be found in the full 
professor positions and more likely to be 
assistant professors (National Science 
Foundation 2011). This is consistent with 
fi ndings from Nelson (2007), who exam-
ined the percentage of male and female 
tenured and tenure-track faculty in sev-
eral disciplines, including S&E, at the top 
50 U.S. educational institutions, based 
on research expenditures: few female full 
professors in S&E with the percentage of 
women among full professors ranging 
from 3% to 15% in different fi elds. Nelson 
(2007) also noted that in all but computer 
science, the rank of assistant professor has 
the highest percentage of female faculty. In 
converse, the rank which has highest per-
centage of male faculty is typically that of 
full professor, and that is the rank held by 
the majority of male faculty as well. Fewer 
differences in rank exist between male and 
female faculty in early-career stages in 
S&E, but greater differences tend to appear 
between 15 and 20 years after receipt of the 
doctorate. 

 Research also indicates that women 
are underrepresented in senior academic 
ranks and faculty leadership positions 
such as presidents, chancellors, provosts, 
deans, and chairs (Hollenshead 2003). This 
may be related to the diffi culties women 
faculty in STEM face in academic career 
advancement (e.g., due to gender stereo-
typing and lack of mentoring) and the fact 
that they may not obtain the same levels of 
professional recognition for their scholarly 
work as do their male colleagues. In a com-
prehensive study of almost 60,000 faculty 
members at 403 academic institutions, 
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minorities who are not underrepresented. 
The  glass ceiling  is a concept refl ecting the 
workplace barriers to workforce partici-
pation and advancement facing specifi c 
minority groups. Chen and Farr (2007) de-
lineate four criteria for a glass ceiling: (a) 
the inequality represents a demographic 
difference (e.g., gender or race/ethnicity) 
that is not explained by other job- relevant 
characteristics of an employee (e.g., edu-
cation, training, discipline, location), (b) 
the inequality is greater at higher levels, 
(c) the inequality is one of opportunity 
and not merely an inequality in propor-
tions of people at high levels, and (d) the 
inequality increases over the trajectory 
of a career. These authors analyzed data 
over the period 1993–1999 and found the 
existence of a glass-ceiling effect for Asian 
Americans (both men and women) at all 
stages of their S&E careers, and confi rmed 
the effect for all women (regardless of race) 
in S&E (Chen & Farr 2007). Xie and Shau-
man (2003) found that women immigrant 
scientists are more severely disadvantaged 
than native-born women scientists in em-
ployment and advancement, unlike male 
immigrant scientists in comparison with 
their native-born counterparts; this gen-
der difference was attributed to differences 
in the migration paths taken by men and 
women—men scientists more likely to be 
primary immigrants and women scientists 
more likely to be secondary immigrants. 

 In summary, multiple sources and his-
torical data reveal the long-standing and 
consistent underrepresentation of women 
in S&E fi elds. Most problematic is the low 
proportion of women faculty at higher lev-
els in the academic hierarchy. 

 UNDERREPRESENTATION AND 
INDIVIDUAL DIFFERENCE 
EXPLANATIONS 

 The concept of  underrepresentation  is it-
self subject to multiple interpretations 

in most S&E fi elds (National Science Foun-
dation 2009). 

 The data regarding URM faculty in S&E 
are also disturbingly low. The 2010 report 
 A National Analysis of Minorities in Science 
and Engineering Faculties at Research Uni-
versities,  a comprehensive demographic 
analysis of tenured and tenure track fac-
ulty in the top 100 departments of science 
and engineering disciplines, shows that 
minorities are signifi cantly underrep-
resented in the academic S&E pipeline 
(Nelson & Brammer 2010). The report con-
cludes, “Our data reveal that URMs among 
our science and engineering faculty are 
shockingly underrepresented despite in-
creased general growth in their represen-
tation among B.S. and Ph.D. recipients. 
As expected, compared to their share of 
the U.S. population, URMs are underrep-
resented at almost every point in the aca-
demic pipeline. In most disciplines, there 
is a drop in representation at each point 
measured, with a gradual decrease up to 
the rank of ‘full’ professor, where the low-
est representation is found; this refl ects 
an increase in recent hiring in those dis-
ciplines. However, in some disciplines, 
the representation of Blacks, Hispanics, or 
Native Americans, among assistant profes-
sors (the most recently hired rank) is lowest 
and occasionally zero” (Nelson & Brammer 
2010, 18). These data provide evidence that 
the academic pipeline is leaky for racial/
ethnic minority faculty as well. 

 The case of Asian Americans in aca-
demic S&E careers is a particular prob-
lem of underrepresentation (Chen & Farr 
2007). While Asian Americans are a popu-
lation minority (about 5%) in the United 
States, they are overrepresented among 
students and professionals in S&E, hold-
ing more than 15% of all S&E doctoral de-
grees (National Science Foundation 2003). 
As faculty at many research universities, 
Asian Americans are not considered to be 
underrepresented; rather, they constitute 



27STATE OF KNOWLEDGE ABOUT THE WORKFORCE PARTICIPATION, EQUITY   |

colleges in which they constitute more than 
half of students and more than a third of the 
faculty (Hagedorn, Chi, Cepeda, & McLain 
2007). Defi ning critical mass departments 
as those with more than 15% women faculty 
and departments with token status as hav-
ing less than 15% women faculty, Etzkow-
itz, Kemelgor and Uzzi (2000) found that 
women faculty in critical mass departments 
reported relationships with signifi cantly 
higher levels of social support and identity 
enhancement, more network contacts, and 
more reciprocation from network contacts 
as compared with women faculty in depart-
ments with token status. 

 Similar to the defi nition of a critical 
mass of students as defi ned by the Amer-
ican Educational Research Association, 
Elam, Stratton, Hafferty, and Haidet (2009) 
suggested that a critical mass of faculty 
may be defi ned as a contextual bench-
mark that allows an institution to exceed 
token numbers within its faculty body and 
to promote the robust exchange of ideas 
and views that is central to an institution’s 
mission. Etzkowitz, Kemelgor, Neuschatz, 
Uzzi, and Alonzo (1994) identifi ed a strong 
minority of at least 15% as necessary ful-
crum to move toward critical mass. While 
the specifi c operational defi nition and the 
contextual benchmark of a critical mass of 
women faculty in academic S&E is yet to be 
specifi ed (Elam et al. 2009), in the fi eld of 
corporate governance it has been empiri-
cally determined that while a lone woman 
can and often does make substantial con-
tributions and two women are generally 
more powerful than one, in a small-group 
setting such as a corporate board it takes 
three or more women to achieve a critical 
mass that can cause a fundamental change 
in deliberation processes and enhance 
corporate governance (Kramer, Konrad, & 
Erkut 2006; see also Erkut, Kramer, & Kon-
rad 2008). This study found that having a 
critical mass of women directors is good 
for corporate governance in at least three 

(Stewart, Malley, & LaVaque-Manty 2007). 
Underrepresentation may mean that 
women should participate in every ac-
tivity in society in rough proportion to 
their numbers in the population (about 
half), or it may mean that women should 
be expected to participate on university 
faculties in rough proportion to their at-
tainment of doctoral-level degrees. Un-
derrepresentation may occur in terms of 
many dimensions such as tenure status, 
rank or position, and leadership opportu-
nities (Stewart et al. 2007). 

 Two concepts illustrate various dynamics 
of underrepresentation: token or solo status, 
and critical mass. The literature on  tokens or 
solos —individuals who are the sole repre-
sentatives of their group (e.g., by race, gen-
der, rank, or tenure status)—suggests that 
they are perceived and treated differently 
than others in a work setting (Kanter 1977; 
Yoder & Sinnett 1985; Yoder 1991; Niemann 
& Dovidio 1998). Solos are more likely to be 
subject to stereotyping, scrutiny, and nega-
tive judgment (Thompson & Sekaquaptewa 
2002), and experience greater internal stress 
(Bilimoria & Stewart 2009). When individu-
als constitute a “signifi cant minority” and 
not tokens, they begin to be viewed through 
more individualistic and less stereotyped 
lenses. The phenomenon of solo and mi-
nority women faculty in academic STEM 
departments is widespread, especially in 
top research universities. 

 A second related concept is that of  critical 
mass.  The theory of critical mass suggests 
that a meaningful representation of women 
in a group facilitates their individual differ-
entiation (thereby helping them evade token 
treatments, reduce performance pressures, 
and escape role entrapment) and increases 
the possibility of their forming alliances 
and coalitions to alter the prevailing cul-
ture (Kanter 1977). Critical mass is linked to 
positive educational and career outcomes. 
For example, Latinos/Latinas student suc-
cess was found to be higher at community 
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First, girls’ scores in mathematics achieve-
ments in other countries refute arguments 
about the possible innate nature of ob-
servable differences in the U.S.—girls in 
Japan and Singapore outperform boys in 
the U.S. on math tests, to the extent that 
“The cross-national differences dwarf the 
sex differences” (Valian 2007, 29). Second, 
U.S. girls have considerably improved 
their scores on mathematics measures as 
well as their performance in undergrad-
uate and graduate STEM fi elds over the 
past decades, indicating that the gap is not 
immobile (e.g., Xie & Shauman 2003). The 
American Association of University Wom-
en’s 2010 report  Why So Few? Women in 
Science, Technology, Engineering and Math-
ematics  provides a summary of evidence 
that recent gains in girls’ mathematical 
achievement demonstrate the importance 
of culture and learning environments in 
the cultivation of abilities and interests 
(Hill, Corbett, & St. Rose 2010). As this re-
port states, “Thirty years ago there were 13 
boys for every girl who scored above 700 
on the SAT math exam at age 13; today that 
ratio has shrunk to about 3:1. This increase 
in the number of girls identifi ed as ‘math-
ematically gifted’ suggests that education 
can and does make a difference at the high-
est levels of mathematical achievement” 
(Hill, Corbett, & St. Rose 2010, xiv). Third, 
it appears that specifi c kinds of spatial cog-
nition training can elevate girls’ (and boys’) 
spatial skills (Newcombe 2007), and both 
test scores and career choices can be pos-
itively infl uenced by removal of internal-
ized stereotypes and biases. Believing in 
the potential for intellectual growth, in and 
of itself, improves test scores and inten-
tions to pursue STEM careers; internalized 
negative stereotypes about girls’ and wom-
en’s STEM abilities can be overcome by im-
proving the classroom environment and 
individual training (Steele & Aronson 1995; 
Spencer, Steele, & Quinn 1999; Nguyen & 
Ryan 2008; see also Dweck 2007, 2008). 

ways: different views and perspectives of 
multiple stakeholders are likely to be con-
sidered, diffi cult issues and problems are 
considerably less likely to be ignored or 
brushed aside, and discussions are more 
open and collaborative. 

 Varied explanations have been offered 
for the continued underrepresentation of 
women and girls in science and engineer-
ing fi elds, constituting a “culture-to-biology 
spectrum” (Ceci & Williams 2007, 20). At the 
biological-differences end of the spectrum 
is the proposition that girls have lower cog-
nitive skills (specifi cally, certain mathemat-
ical and spatial rotation abilities) than do 
boys—and that these nuanced defi ciencies 
ultimately lower women’s chances of suc-
cess at ensuing stages of their academic S&E 
careers. While specifi c sex-based cognitive 
skill differences have been cited by some to 
explain the low proportions of women and 
girls in scientifi c and engineering research 
careers (see Ceci, Williams, & Barnett 2009), 
it is beyond the scope of the current study 
and the present review to deeply delve into 
some of the highly nuanced merits of such 
arguments; we focus instead on the institu-
tional level cultural and structural causes of 
women’s underrepresentation and the in-
stitutional remedies that more readily yield 
possibilities of improvement in women’s 
workforce participation, equity, and inclu-
sion. Nevertheless, we acknowledge here, 
then Harvard University president Law-
rence Summer’s 2005 citation of possible 
innate gender differences at the extreme 
right end of the distribution of mathemat-
ical and spatial cognition abilities (cou-
pled with a dismissal of rival socialization, 
stereotyping and unconscious bias, and 
 institutional-barriers explanations) as spark -
ing considerable interest and debate over the 
biological causes of women’s underrepresen-
tation in science. 

 Many have strongly refuted cognitive- 
difference explanations for the dearth of 
women in S&E on the following grounds. 
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demonstrated more self-effi cacy in deal-
ing with work-related issues, were more 
other-oriented, were more likely to adapt 
to the masculine engineering culture, 
were more engaged in engineering-related 
learning and professional growth, and per-
ceived themselves as having alignment 
between their personal and career asp  ira-
tions (Buse, Perelli, & Bilimoria 2010). In 
another study of 3,700 women engineering-
degree holders, Fouad and Singh (2011) 
found that women engineers who were 
more self-confi dent in their abilities to 
navigate their organization’s political 
landscape and juggle multiple life roles 
reported being highly satisfi ed with their 
jobs as well as their careers. 

 Political skills involve an individual’s 
behaviors to gain information regarding 
formal and informal work relationships 
and power structures within an organi-
zation (Chao, O’Leary-Kelly, Wolf, Klein, 
& Gardner 1994). They refl ect the ability 
to get things done by understanding and 
working through others outside of for-
mally prescribed organizational mecha-
nisms (Ferris, Davidson, & Perrewé 2005). 
Higher levels of political knowledge and 
infl uence behaviors are associated with 
increases in annual salaries (Judge & Bretz 
1994) and supervisor ratings of job per-
formance (Ferris et al. 2005). However, 
women are less likely than men to engage 
in or use organizational politics, possibly 
due to a perception of incompetence, lack 
of confi dence, and distaste for political 
activity, preferring to rely instead on for-
mal mechanisms of infl uence, sometimes 
at the cost of career progression (Arroba 
& James 1988; Mann 1995). Similarly, sex 
differences in the propensity to negotiate 
have been employed to explain various ca-
reer outcomes (e.g., Babcock & Laschever 
2003; Babcock, Gelfand, Small, & Stayn 
2006). However, while women may be less 
likely to engage in negotiation behaviors, 
there may be good reasons for this—recent 

 Other individual level differences may 
contribute to women’s employment de-
cisions and success, particularly their 
demonstration of psychosocial abilities 
such as self-confi dence, political skills, 
and propensity to engage in negotiations, 
as compared with men’s. A recent study of 
more than 1,300 intramural postdoctoral 
researchers at the National Institutes of 
Health documents a self-confi dence gap 
(in the expectations of success) between 
women and men postdoctoral researchers 
(Martinez et al. 2007). This survey found 
that women are more likely to quit at the 
postdoctoral researcher to principal in-
vestigator (PI) transition on account of 
two reasons: (a) family responsibilities—
spending time with family, plans to have 
children, affordable child care, travel, 
and proximity to spouse’s workplace were 
some of the considerations that were 
weighed more heavily by women, whereas 
salary was more important to men, and 
(b) self-confi dence—although men and 
women rated themselves equally when it 
came to professional skill, men were sig-
nifi cantly more confi dent that they could 
obtain a PI position and become tenured 
than were women (Martinez et al. 2007). 
The causes of women’s less optimistic 
outlook about their future success as PIs 
were not examined in this study. Rather, 
the investigators urged future research to 
examine “whether this lower confi dence 
originates from foreseen future challenges 
that affect women more than men—such 
as child-bearing, child care, and/or a less 
favorable professional environment—or 
whether they indicate that women un-
derestimate their professional ability” 
(Martinez et al. 2007). An interview-based 
study of 31 women engineers found that 
“persistent” women engineers (those who 
stayed in the engineering workforce for 
an average of 21 years) versus those who 
opted out (those who left the engineering 
workforce after an average of 12 years) 


