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    Chapter 3   
 Gender, Science, and Occupational 
Sex Segregation 

             Lisa     M.     Frehill     ,     Alice     Abreu     , and     Kathrin     Zippel    

        Over the past 20 years, policy makers have been increasingly connecting science 
and technology to innovation and economic growth. Many nations have made 
increased public investments in science and technology, as refl ected in GDP 
(National Science Foundation  2012 ). Simultaneously, the role of diversity within 
the innovation process, in general, and the potential contributions of women, in 
particular, to national science and technology enterprises, has received much atten-
tion in many nations and international organizations (see, for example, efforts by 
UNESCO, APEC, the European Union and OECD). 

 As part of a larger volume, this chapter is meant to provide general audiences 
that include advocates of women’s participation in science, individuals with science 
backgrounds, and social scientists who study these areas, with a description of the 
methods, tools, and approaches of occupational sex segregation as applied to under-
standing issues for women in science. The larger volume within which this chapter 
appears focuses attention on four science disciplines: chemical sciences, comput-
ing, mathematics, and statistics; hence we have attempted to incorporate examples 
from these specifi c disciplines, when possible (Fig.  3.1 ).  
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 The attention to four specifi c disciplines is important within a larger framework 
of occupational analysis. Many treatments generalize across science, which is prob-
lematic because women’s representation varies across science fi elds, the local and 
global labor markets in science fi elds varies, and the very nature of the work 
 (material conditions of production) that scientists do varies within and across fi elds. 

 This chapter brings together three concepts that have often been pairwise con-
nected but which we propose to integrate. To date, little work on the representation 
of women in science has deployed the tools of segregation analysis. The most recent 
edition of  She Figures  (European Commission  2013 ), though, includes a discussion 
of the D, the index of dissimilarity, which we will discuss in this chapter. By tools, 
we mean both the measurement methods and the theoretical models that enable us to 
understand the processes of sex segregation and allow us to make comparisons 
across units, such as nations, as might be of interest to those who wish to understand 
the status of women in international chemistry, computer science, and mathematics 
and statistics. By using segregation measures, we are able to effectively normalize 
data within a specifi c context—for example, nations—so that valid cross-national 
comparisons are possible. Such comparisons could offer useful insight about the 
extent to which science disciplines are gendered and how this shapes the larger con-
text for women in science. Further, if we are interested in examining trends over time 
in the level of segregation within a particular context (e.g., within a nation over time 
or across disciplines, Frehill  2006 ), segregation measures permit such analysis. 

 This chapter will provide an overview of occupational sex segregation in science at 
three levels of analysis. The fi rst section looks broadly at the concepts and tools of 
occupational sex segregation analysis at the macro or labor market level. Next, we 
discuss how the institutional processes of qualifi cation, training, recruitment, and reten-
tion within scientifi c careers are impacted by the social institution of gender. At this 
level the emphasis is on how social relations are gendered and how social processes are 
deeply infl uenced by gender, as well as race and generation, resulting in very different 
positions for men and women in the scientifi c world (Galerand and Kergoat  2013 ). 
Finally, at the individual level, we discuss the concept of “choice.” To what extent do 
differences in the occupational structures and careers refl ect choices made by active 
agents and to what extent are choices constrained by gender as a social institution? 
How do individuals navigate through scientifi c careers within these larger contexts? 

  Fig. 3.1    Three research literatures       
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 We use Brazil as a case to illustrate gender differences in science because as one 
of the BRIC nations, which also include Russia, India, and China, it has one of the 
largest and strongest scientifi c and technological systems in Latin America. Brazil 
is also spends more than 1% GDP on science and technology (S&T) and has a con-
solidated graduate program in the majority of S&T areas, with a systematic and 
overall evaluation process in place. The participation of women in the educational 
and capacity building sectors is also impressive and detailed fi gures are available. 

3.1     Science Labor Markets and Measuring 
Occupational Sex Segregation 

 To date, literature that implements an occupational sex segregation framework to 
understand the structure of scientifi c labor markets has been relatively sparse. There 
is much literature at the intersection of science and gender and another robust litera-
ture at the intersection of gender and segregation, including an extensive literature 
on the sociology of work, which, in the past quarter century, has had more content 
related to gender and work (Maruani  2013 ). There is also quite a bit of work that 
examines segregation of occupations or educational fi elds in cross-national perspec-
tive (Chang  2004 ; Charles  1992 ; Charles and Bradley  2002 ; European Commission 
 2009 ; McDaniel  2010 ), without explicit focus on science. The literature on science 
and gender includes many anecdotal accounts (i.e., usually fi rst-person narratives) 
along with standard social science using both qualitative and quantitative approaches. 
The literature on gender and segregation has a long research tradition. Demographers’ 
tools and techniques originally developed to understand spatial segregation patterns 
(e.g., Duncan and Duncan  1955 , and Massey and Denton  1993 ) have been applied 
to measuring occupational segregation by race/ethnicity (e.g., Frehill  1996 ; King 
 1992 ) and occupational sex segregation (e.g., Anker  1998 ; Blackburn et al.  2000 ; 
Charles and Grusky  2004 ; Melkas and Anker  2001 ). 

 Literature that connects all three areas—science, gender, and sex segregation—
has been less common. To some extent this is due to differences in data availability 
and cross-national variation in educational structures and labor markets. To another 
extent, science, as an enterprise, tends to represent a proportionately small segment 
of the overall labor force within a nation. In the United States, for example, approxi-
mately 5–6% of the workforce is classifi ed as scientists or engineers, 24% of which 
is women (Author’s analysis of U.S. Bureau of Labor Statistics  2013 ). In the 
European Union, it has become more common to refer to “knowledge intensive 
activities” (KIA); 35% of workers in the EU-27 across the EU are in KIA jobs of 
which about one-third are women. In other international reports, such as data on 
science and technology indicators produced by the Organisation for Economic 
Development and Cooperation, data are provided on the number of researchers such 
as the number of researchers per 1,000 members of the economy’s workforce. In 
2011, the highest ratio was in Finland, where there were 14.8 researchers per 1,000 
workers and the lowest was in Mexico at 0.9. The European Commission’s most 
recent edition of  She Figures  reports that in 2009, researchers represented about 
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one-third of the EU-27 workforce, with women’s representation varying from 21% 
in Luxembourg and 52% in Latvia (European Commission  2013 ). 

 These occupations are important to study because these jobs are often advan-
taged and respected, commanding (usually) decent salaries and providing a modi-
cum of career satisfaction and, within many contexts, job security. From a policy 
perspective, too, many nations have embraced the notion that science is an engine 
of economic development and advancement particularly for “knowledge econo-
mies:” so it is imperative to ensure that the fi eld taps all potential human resources, 
including women. 

 What does it mean to say that an occupation is segregated by gender? The term 
and measures are derived from the US racial residential segregation literature; 
therefore, it is common for some see “segregation” as implying “intentionality.” But 
such a view confl ates measurement and explanation. We argue that the observed 
differences in the distributions of women and men into different occupations refl ect 
the outcomes of many social forces, operating at the social, institutional/ 
organizational, individual levels, some of which may have intentionally sought to 
disadvantage women, while others result in different treatment patterned by gender 
as unintended consequences. As such, we use the term “segregation” simply as 
macro- level measurement of the difference in women’s and men’s occupational dis-
tributions. The intentionality of the social forces that lead to segregation is a matter 
of much debate, to which we are encouraged to attend once we engage in the com-
parative analyses associated with the metrics. 

 Segregation refers to the tendency for members of different socially defi ned 
groups to be in different types of jobs. Segregation can be described along both 
 horizontal and vertical dimensions. Figure  3.2  gives an example of horizontal 
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  Fig. 3.2    Illustration: horizontal segregation       
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 segregation, drawn from data published annually by the American Mathematical 
Society based on that organization’s survey of departments of mathematics in the 
United States. These data show how women and men are distributed across various 
subfi elds within mathematics. Women accounted for just over half of all doctorates 
awarded to mathematicians who specialized in statistics or biostatistics. Women 
also accounted for half of those    who specialized in mathematics education, although, 
as shown in the graph, this was a far smaller subfi eld than statistics/biostatistics was. 
Women were least represented in probability (12%) and in linear, nonlinear optimi-
zation/control (17%).  

 A customary way to describe horizontal segregation is to compare the extent to 
which groups of interest are concentrated in a specifi c set of fi elds. Here, for exam-
ple, we would fi nd that 44% of the 435 women who earned doctoral degrees in US 
mathematics departments specialized in statistics/biostatistics. While about one-in- 
fi ve men who earned doctoral degrees also specialized in this area, it is noteworthy 
that men are much more “spread” across subfi elds than are women. Women’s con-
centration in the statistics/biostatistics area raises a number of questions associated 
with the larger relationship between sex/gender and mathematics. For example, how 
do the subfi elds in mathematics vary in status, visibility, and resources such as posi-
tions grant funding, salaries etc.? To what extent are those who specialize in statis-
tics/biostatistics advantaged or disadvantaged within mathematics? Are rewards 
such as earnings and prestige similar in this versus other fi elds? As has occurred in 
other fi elds (see, for example, Reskin and Roos  1990 ), will statistics/biostatistics 
“tip” and become even more female-dominated within mathematics and what are 
the implications of this change? 

 Vertical segregation looks at a particular occupation, or set of occupations, to see 
how people from different social groups occupy different levels within that occupa-
tion. For example, in most fi elds of science, women are often more highly repre-
sented among those at lower educational and occupational levels, with men more 
highly represented at higher levels. The So-called scissors diagrams, such as the one 
shown in Fig.  3.3 , show women’s representation along stages of science careers, is 
a common way to illustrate vertical segregation.  

 The Fig.  3.3  example is based on data from the European Union’s  She 
Figures 2012 . In this particular case, the slight overrepresentation of women at the 
lower levels of tertiary study leading to academic careers and men’s increasing 
overrepresentation at higher levels result in lines that cross like a pair of scissors. 
The extent to which the scissors widen refl ects the extent to which men are more 
advantaged at higher levels. In some national or occupational settings, such as in 
many African nations, the lines do not cross, because girls/women have not reached 
parity even at the lower levels of education. Segregation indices, which we discuss 
next, provide a way of measuring this gap to permit systematic analysis that goes 
beyond looking at graphs and to enable more rigorous comparative analysis within 
and across contexts. 

 The stacked bar chart in Fig.  3.4  shows another illustration of vertical segrega-
tion. As with Fig.  3.2 , this example is drawn from US mathematics, in this case, 
showing the representation of women and men at different academic levels. Derived 
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  Fig. 3.3    Example scissors diagram: European Union Academic Pipeline.  Source : Frehill, Lisa M., 
analysis of data from European Commission.  2013 .  She Figures 2012        

  Fig. 3.4    Illustration: vertical segregation       
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from data from the National Science Foundation’s Survey of Doctorate Recipients, 
each stratus in the stacked bar chart shows the within-sex proportion of faculty in 
each of four academic ranks for doctoral-degreed mathematicians. 1  The fi gure 
shows, what is now, common knowledge: women are far less likely than men to be 
in the highest rank (i.e., full professor) and are more likely than men to be in the 
more marginalized rank of instructor/lecturer, which is generally untenured and 
often lacking in job security and prestige within US academia.  

 The occupational sex segregation literature provides metrics and theoretical 
models with which to understand differences in women’s and men’s participation in 
science and enable disaggregation of science into more specifi c fi elds. The frame-
work suggests a need to look at factors associated with both men and women, with 
the various ways in which gender is constructed with respect to these fi elds in dif-
ferent places at different times, and the benefi ts that accrue to men and women who 
conform to these societal norms. The role of power is critical here. All-too-often the 
literature to date on gender and science—with the exception of the clearly feminist 
research in this area—has been devoid of any meaningful power analysis. 

3.1.1     Measures of Segregation 

 The most common segregation measure is the Index of Occupational Dissimilarity, 
originally developed by Duncan and Duncan ( 1955 ) to describe residential 
 segregation. This relatively simple measure ranges from 0 to 1, with 0 indicating 
perfect equality of two occupational distributions and 1 indicating complete 
inequality. The computed ratio is interpreted as the percentage of workers who 
would have to change jobs in order for the distributions of the two groups into jobs 
to be the same. 
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    The difference in the within-gender percentage of women and men in each of the 
J occupations forms the basis for D. As Frehill  (2006)  explains: “The D-score 
enables comparisons of the structure of occupations over time (Bertaux  1991 ; 
Frehill  1996 ; Jacobs  1989 ,  1995 ) across different race by gender groups (Frehill 
 1996 ; King  1992 ; Semyonov et al.  2000 ), and across different labor markets, such 
as those in different nations (Chang  2004 ; Charles and Bradley  2002 , 2009)” 

1   The U.S. Survey of Doctorate Recipients (SDR) population is drawn from the Doctoral Records 
File, which includes information about all recipients of doctoral degrees conferred by the US col-
leges and universities. This means that estimates based on the SDR exclude consideration of indi-
viduals who earned doctoral degrees at the non-US institutions. 
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Frehill ( 2006 : 346). 2  For example, the D-score associated with the data shown in 
Fig.  3.4  is 0.24, which is slightly lower than the D-score of 0.27, which was com-
puted for those same data in 2006. These D-scores suggest that between 24 and 27% 
of doctoral-degreed academically employed mathematicians/statisticians would 
need to change ranks in order for women and men to be evenly distributed by aca-
demic rank at US 4-year colleges and universities. 

 Concentration is another important dimension of segregation. Massey and 
Denton ( 1989 ) proposed this as one of fi ve dimensions of racial residential segrega-
tion in their formulation of hyper segregation as an explanation for the continued 
signifi cance of race as a determinant of class outcomes for African Americans in US 
major metropolitan areas. Concentration is generally computed in a straight- forward 
way as a percentage, but then additional interpretation is necessary to determine at 
what percentage level one might say that “concentration” exists or not. In the inter-
national occupational segregation literature, Anker ( 1998 ) has proposed:

  Female-concentrated occupations are thus defi ned as those having more than 1.5 times the 
mean percentage female, while “female-underrepresented” occupations are those having 
less than 0.5 times the mean percentage female. (Anker  1998 : 87) 

   As illustrated in Figs.  3.2 ,  3.3 , and  3.4 , it is critical to explore both the vertical 
and horizontal dimensions of occupational segregation within science. Each analy-
sis calls attention to different issues within and across fi elds and suggest different 
kinds of questions. The distribution of advantage described by vertical segregation 
reveals how sex is refl ected in the structure of a specifi c occupation or discipline. 
The defi nitions, content and processes of advancement in each national context 
greatly vary. 

 Figure  3.4  refl ects the US system in which full professors are at the top of aca-
demia, holding positions of greatest power and prestige within this economic sector. 
In other sectors, such as government or industry, these positions would be senior 
research scientists with large budges, spans-of-control, and decision-making author-
ity about the scientifi c work that will be undertaken. Full professors in academic 
settings and senior research scientists in others are “gatekeepers” who make deci-
sions about whether new entrants will be admitted (i.e., hiring decisions) and how 
and when individuals will advance in the fi eld (i.e., tenure and promotion deci-
sions). They make and enforce the rules within their fi eld via their control of 
discipline- based professional organizations. 

2   See also Frehill ( 2006  pp. 346–347): “In recent years, the D-score has been critiqued as a measure 
of occupational segregation. Charles and Grusky  (1995)  developed a new measure, A, which is 
based on logistic regression modeling of occupational distributions. A has been proposed as a 
superior measure because it is truly marginal independent, unlike D or another version of D known 
as the standardized (D Charles and Grusky  1995 ; Grusky and Charles  1998 ). That is, A provides a 
measure that better accounts for the relative sizes of the male and female labor forces (e.g., wom-
en’s participation in academic science and engineering is quite a bit lower than that of men’s) as 
well as the relative sizes of the different occupational groupings (e.g., there are fewer industrial 
engineers employed in academia than there are mathematicians).” 
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 At the other end of the academic spectrum are those who hold doctoral degrees 
but are in instructor or lecturer positions, which tend to be nontenure track. Tenured 
and tenure track faculty are advantaged in academic settings, while those who are 
not on the tenure track are disadvantaged with respect to power, privilege, and 
access to resources. Likewise, scientists in government and industrial settings who 
lack a doctoral degree are often relegated to lower-level positions, which carry less 
discretionary decision-making authority and control.   

3.2     Theories of Occupational Segregation 
and Levels of Analysis 

 The previous section discusses the macro-level measurement of sex segregation. 
While there are a number of decisions about measurement that refl ect theoretical 
points of view, theories to explain the observed differences in men’s and women’s 
distribution into the occupational structure attempt to determine the causes and 
meaning behind the patterns noted using these quantitative, macro-level measures. 
There are many excellent discussions of the theories of occupational segregation 
(see, for example, Charles and Grusky  2004 ; Anker  1998 ; Reskin and Hartmann 
 1986 ). One way of summarizing this vast literature is via the concepts of supply- 
side and demand-side factors and with attention to the level of analysis. 

 On the supply-side, individual level decisions that men and women make about 
occupations result in the sorting of workers into occupations based on gender. The 
logic associated with these choices may vary: individuals, for example, may focus 
on the human capital investments necessary to pursue specifi c careers or they may 
focus on the extent to which they view careers as suitable or unsuitable within the 
context of the other constraints within their lives, which may be associated with 
gender. 

 On the other hand, demand-side explanations focus on employers’ actions. 
Employers may engage in discrimination based on group membership (where 
groups are defi ned by gender or a host of other dimensions salient in a given soci-
ety). In the more benign formulations, employers merely refl ect the values of a 
society in which they are located. In less benign formulations, competition from the 
less powerful group threatens the advantages of those currently at the top of occu-
pational hierarchies, who implement subtle and covert strategies that exploit institu-
tional structures to prevent the encroachment by the newcomers. This institutional 
analytical level suggests it is important to understand how scientists’ careers are 
structured within a larger disciplinary context, which is often defi ned by work orga-
nizations and disciplinary associations. In some contexts, disciplinary associations 
are private, in others they are part of the state apparatuses, and in others there are 
honorary societies that bestow status and privilege upon “chosen” scientists. 
Institutional processes, therefore, can be highly resistant to changes that may be 
perceived as threatening the hegemony of science, refl ecting the interests of an 
entrenched group. 
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3.2.1     Understanding Occupational Segregation: 
The Gendering of Social Relations in Science 

 Key to understanding how sex segregation works to funnel women and men into 
different scientifi c occupations are the institutional processes of qualifi cation, 
recruitment, retention and advancement. In the last 40 years, extensive social sci-
ence research has clarifi ed the role that these processes play in limiting women’s 
access to science careers and, especially, to leadership positions in science. A global 
effort to address these issues has been underway with numerous synthesizing reports 
produced by international organizations in the fi rst decade of the twenty-fi rst cen-
tury (European Commission  2002 ; Organization of Iberoamerican States—OEI 
 2004 ; Organization of American States—OAS  2005 ; Inter Academy Council  2006 ; 
OECD  2006 ; Third World Organization for Women in Science (TWOWS)  2007 ; 
UNESCO  2007 ; European Commission  2008 ; European Commission  2009a , 
 2009b ; Caprile et al.  2012 ). These multiregional fi ndings consistently point to a 
range of factors to explain the persistent underrepresentation of women, emphasiz-
ing the role of specifi c institutional and national contexts. 

 In this section we look at the underlying complex, institutional processes associ-
ated with horizontal and vertical segregation. A gendered perspective is essential to 
understand the complex social processes that shape scientists’ careers, which have 
been metaphorically referred to as the “leaky pipeline,” the “crystal labyrinth,” and 
the “glass ceiling” for women. The processes of qualifi cation and training, recruit-
ment, retention, and advancement all occur within various scientifi c workplaces 
and educational settings, the institutional sites that shape large-scale segregation 
outcomes.   

3.3     Qualifi cation and Training 

 One of the most important issues related to women in science is how to attract girls 
and young women to scientifi c disciplines. While there has been much progress 
made in girls’ education in many parts of the world, there are still some important 
differences within and across nations in terms of the likelihood that girls and women 
will stay on academic pathways that will lead to successful careers in science. 

 While women now constitute a majority of university students in many regions, 
including North and South America and Europe, sex segregation across fi elds of 
study is persistent. Women’s representation is higher in the social and biological 
sciences; women’s participation lags that of men in other areas of science and varies 
across levels for those who work in science occupations (see Figs.  3.2 – 3.4  for 
examples). Among the four disciplines we are focused on, women’s representation 
in the chemical sciences has seen an important increase in many nations and there 
have been modest increases in women’s participation in mathematics and statistics. 
Computer science, however, remains elusive for women in many countries, yet, as 
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shown in Fig.  3.5 , women’s representation varies greatly cross-nationally. The 
 lowest level of representation was in Switzerland at 8%, while in Mexico women 
account for 42% and in Indonesia, just over half (53%) of tertiary degrees in com-
puting were awarded to women in 2010. The substantial cross-national variation 
suggests that essentialism offers an inadequate explanation for the observed gender 
differences of these fi elds.  

 Of course, in some other parts of the world attaining a university education 
remains a signifi cant barrier for women who aspire to careers in science. In areas 
such as parts of Asia, Africa, and the Arab countries, women often lack access to 
careers in science, which generally require university training and, quite often, post- 
baccalaureate training as well. 

 There are many pivotal moments that infl uence the participation of women and 
girls along the scientifi c career trajectory, including some that parallel the life course 
processes of childbearing and rearing. Such issues have long been viewed as key in 
attempting to understand placement and success in science careers. For example, in 
some fi elds, a bachelor’s (hereafter, B.S.) or a master’s degree (hereafter, M.Sc.) is 
a suitable qualifi cation for occupational entry, while in others the Ph.D. continues to 
be the requisite entry credential, with a concomitant devaluation of the B.S. and 
M.Sc. Likewise, in some science fi elds, the M.Sc. is a stepping stone along the 
pathway to a Ph.D., providing a useful set of career/life balance options. 

 While many reports point to the challenges associated with the lengthy career 
training process this simply is not a robust explanation. In spite of lengthy training, 
in many countries—not only the developed countries—there has been a notable 

  Fig. 3.5    Women as a percent of computing tertiary degrees, selected countries.  Note : Tertiary 
includes both A level and advanced research programs.  Source : Frehill, Lisa M. analysis of OECD. 
2012. “Indicators of Gender Equity in Education, 2012” Gender Data Portal, online at   www.oecd/
els/gender           
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increase in recent years in the presence of women among Ph.D. graduates and in 
some countries they are the majority (see  Vignette 1.1 :  Focus on Brazil ). In other 
disciplines with long and arduous training time, such as medicine, women now 
predominate. The increased prevalence and advancement of women in some careers 
suggests that it is  possible  for institutions to adapt to women’s life course needs. The 
many organizations that constitute scientifi c discipline establish and enforce norma-
tive behavior for those who wish to be considered members. Many work organiza-
tions have implemented policies to enable employees to attend to family matters. 
Women continue to bear a larger share of responsibility for family care giving, but 
recent research indicates that younger men are also interested in workplaces that 
enable employees to balance work and family life. The burden of adaptation, how-
ever, appears to continue to fall upon individuals. The key question, though, is what 
actions do organizations take—or do not take—that enable women to manage 
advancement into and through science careers within the context of life course 
plans? Which opportunities do they create for women, in general, to counter disad-
vantage in their careers independently of family responsibilities?  

3.4     Recruitment, Retention, and Advancement: 
Leaky Pipelines and Crystal Labyrinths 

 Institutional processes associated with recruitment, retention, and advancement 
often vary from country to country and within different economic sectors. 
Recruitment systems and specifi c criteria for advancement vary, although some 
indicators of productivity, such as publications and research funding for doctoral- 
degreed scientists, are prevalent in most contexts. Expectations for performance 
within these systems vary as do the extent to which scientists’ careers are infl uenced 
by state policies that may or may not provide supports or resources for scientists. 
Transparency in these processes can produce more equitable outcomes, but the level 
of transparency varies across institutional contexts. 

3.4.1     Recruitment 

 As Rees ( 2004 : 115) summarizes the ETAN report (Osborn et al.  2000 ): [W]hatever 
the country […], whatever the discipline, and whatever the proportion of women 
among the undergraduate population […], men are selected disproportionately to 
their numbers in the recruitment pool at every stage on the career ladder. Many 
reasons have been given for this persistent state of affairs. Although the majority of 
Western countries now have equal employment laws that attempt to block overt 
discrimination, “covert or perceived discrimination that discourages women” 
(OECD  2006 ) is persistent. 

 Narrow job advertisements are one issue in recruitment, which may have a 
 disparate gender impact. Women are unlikely to apply for positions for which they 

L.M. Frehill et al.



63

do not see an immediate match to their qualifi cations, but in some contexts, men are 
more likely to apply regardless of their qualifi cations (NRC  2010 ). Further, the nar-
rower the job advertisement, the narrower the potential pool of recruits; with the 
rapid changes in science, such restrictions seem to be ineffi cient. 

 Even when women apply for positions, the many incremental subjective judg-
ments embedded within selection processes may disadvantage women. Again, 
many institutions, led by those that had ADVANCE awards from the U.S. National 
Science Foundation, have implemented institutional policies to improve search pro-
cesses via: (1) wider and more open advertisement of positions; (2) articulation of 
criteria for new hires and careful assessment of all candidates on all of these criteria; 
(3) training of department chairs and faculty about unconscious bias; and (4) over-
sight of hiring processes. Such interventions often had a positive impact on the 
likelihood that women would be hired (Bilimoria and Liang  2012 ). 

 In other countries, where the entry point in the scientifi c career might be by other 
forms of recruitment, such as public competition for example, networks are never-
theless still important in the subsequent steps of the career ladder. Women’s limited 
access to networks continues to disadvantage them relative to their male colleagues 
within the hiring process. A study by the US National Research Council ( 2010 ) 
found that women were less likely than men to apply for academic positions, par-
ticularly in fi elds in which women are underrepresented. Further, as shown by 
Wenneräs and Wold ( 1997 ) women are held to higher performance standards than 
are men: they must work twice as hard to gain half the recognition of equivalent 
male colleagues. Advocates for women in science often refer to these higher stan-
dards for women as “raising the bar” for women candidates (Moody  2005 ).  

3.4.2     Retention and Advancement: Leaky Pipelines 
and Crystal Labyrinths 

 Advancement in science is another process that has been a challenge for women. As 
bluntly put by Caprile et al. ( 2012 ) “the existence of a “‘glass ceiling’” or “‘sticky 
fl oor’” for women trying to progress to senior positions is well documented and 
affects all occupational sectors,” regardless of the level of women’s representation. 
Christine    Williams ( 1992 ) documents that even in occupations that are numerically 
dominated by women such as nursing, gender privilege for men translates into a 
“glass escalator,” suggesting that larger numbers of women, alone, are unlikely to 
alter the likelihood of achieving top positions in a fi eld. While the glass ceiling is 
problematic for women in all sectors, it appears to be more pronounced in science 
(EC  2006 ; OECD  2006 ). According to a 2006 OECD report, institutional factors 
play an important role in women’s career advancement. First, women’s professional 
networks differ from those of men. Second, the workplace culture and organiza-
tional structures associated with promotion practices and the selection and  allocation 
of research funding disadvantage women (OECD  2006 : 11–12). 
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 Professional networks are important for career advancement; they are a source of 
information for workers and provide access to the informal work culture, in general, 
and a key means by which scientists form collaborative relationships within and 
across work settings. Sveva Avveduto’s ( 2015 ) discussion of women’s participation 
in science in Italy suggests that such networks, “relationship-building tools for 
encouraging exchanges,” have been instrumental in the increase in women’s partici-
pation. In addition, networks provide newly minted scientists with access to men-
tors and guides who can assist with navigating the often-diffi cult path to tenure in 
academic settings and to career advancement in government and private industry. 
The lack of transparency associated with these career paths and the differential 
access to mentors has produced a crystal labyrinth for many women scientists 
(Eagly and Carli  2007 ). 

 Subtle gender biases and societal norms that regulate interactions between men 
and women impact the extent to which women can access the right networks to 
ensure successful career transitions. For men, it is almost “natural” that a more 
experienced scientist takes a new male scientist under his wing to ensure that he 
makes all the proper acquaintances. Women, however, do not seem to have the same 
opportunities. The general lack of women in leadership positions, and the scarcity 
of a mentoring culture in many countries have led to a relative scarcity of opportuni-
ties for women students. In the United States and in the European Union more for-
mal mentoring structures are now seeking to address this inequality in both 
universities and professional associations, but in other countries mentoring is still in 
its infancy. 

 Access to key resources—research funding, materials, students or junior 
researchers, and space—is critical to scientists’ career success. Such resources are 
more crucial in capital-intensive science (e.g., bench sciences like the chemical sci-
ences) than in areas that are less capital-intensive (e.g., mathematics). A report of 
the European Commission ( 2009 ) on the “gender challenge in research funding” 
confi rms that access to research funds by men and women scientists can show an 
important disparity, but also emphasized the situation varied much between the 
European countries under analysis. A number of innovative national policies which 
affect research funding were noted. Such policies include, for example: establishing 
targets for the proportion of women funded; giving preference to women in the case 
of candidates assessed to have equal merit; implementing programs and policies to 
address career phases or groups of researchers; and facilitating work/life balance for 
researchers (Husu and de Cheveigné  2010 ). In addition, a few aim at institutional 
transformation in a dialogue with universities (EC  2009 : 25–27; Bilimoria and 
Liang  2012 ). 

 Other research has shown that women tend to have smaller funds and projects. In 
a study of the U.S. National Institutes of Health (NIH) US women represented 25% 
of the awards in 2004, and their awards remained at about 80% of the size of men’s 
research grants (Hosek et al.  2005 ). In the UK, Blake and La Valle ( 2000 ) found that 
“not only women apply for fewer grants than men, but they are less likely to apply 
as the principal applicant, generally apply for grants of shorter duration and for 
lower levels of funding.” (p. 51). Funding structures could contribute to both 
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 horizontal and vertical sex segregation. If women have less access to funding, over-
all, the result might be that women will be more likely to be in fi elds that require less 
funding (horizontal). A study of the German Research Foundation showed that 
women’s rate of success in winning grants was higher in male-dominated fi elds than 
in fi elds with higher percentages of women (Hinz, Findeisen, and Auspurg  2008 ). 

 How resources are made available, the ways that scientists obtain these resources, 
and the role of gender within these processes is key in understanding the persistent 
diffi culties that women face with the glass ceiling or the sticky fl oor. In general, too, 
the extent to which these processes are transparent and involve universalistic criteria 
versus the extent to which they are organized as pre-bureaucratic forms or in which 
particularistic criteria continue to operate as a means by which resources would be 
allocated. In general, then, two inter-related gendered mechanisms tend to disad-
vantage women and advantage men in resource allocations: the assessment of excel-
lence in science settings and negotiation as a means of obtaining resources. 

  Assessing Excellence : The mechanisms for the construction of excellence in sci-
ence, critical for advancement to the highest positions in the system, involves 
numerous “gatekeepers”: full professors or senior research scientists, members of 
national science and technology councils, members of evaluation committees and 
panels, external reviewers, science editors, and many others. The research evidence 
is clear that, in most countries, power, decision-making, and other gatekeeping 
activities continue to be dominated by men, in many cases, overwhelmingly so. 
According to Feller ( 2004 ), in the analysis of gender bias in scientifi c excellence it 
is important to distinguish conceptually between: (1) The ways in which scientifi c 
excellence is defi ned and measured and (2) The specifi c procedures for assessing 
scientifi c excellence. The defi nition of scientifi c excellence and the measurement of 
scientifi c production have both been shown to be constructed on models that are still 
clearly masculine. “This meritocratic system strengthens unequal starting points 
and has particularly damaging results for many women and some men who do not 
meet the model of success defi ned as standard” (Caprile et al.  2008 , cited by EU 
Seventh Framework Programme  2008 : 19; Bailyn  2003 ; Knights and Richards 
 2003 ; Valian  1998 ). 

 On the other hand the increasing dependence on bibliometric measures of scien-
tifi c production has been debated, including within a gender framework. Women 
scientists have often been considered less productive than men because they pub-
lished fewer papers. Evidence shows, however, that “productivity is not an indepen-
dent characteristic of individuals but rather a refl ection of their positions in the 
academic hierarchy and the access to resources that those positions make possible. 
When academic position, available resources, type of institution, and other personal 
and institutional factors are held constant, men and women scientists are equally 
productive.” (NRC  2007 : 113) 

  Negotiation : The extent to which adversarial negotiation processes are used to 
obtain institutional resources plays an important role in gender differences in 
advancement. In those national contexts and institutional settings where negotiation 
is the principal method by which space, students, salaries, travel funds, and other 
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resources essential to the conduct and dissemination of scientifi c research, women 
are likely to be disadvantaged relative to men. As discussed by Babcock and 
Laschever ( 2009 ), women are less likely to demand the same resources as men. But 
merely asking does not, necessarily, improve women’s success, as being demanding 
is stereotypically a male trait in many cultures; so when women violate this gen-
dered norm, administrators respond to their request differently, hence women risk 
being negatively evaluated. Instead, the processes by which individuals secure 
resources must be made more transparent and less particularistic in order to provide 
a level playing fi eld for all.   

3.5     The Pay Gap: Economic Resources over the Life Course 

 The pay gap persists between women and men; in all countries where this informa-
tion is available, women earn less than men. Historically, men have been concerned 
when women start to move into “their” fi elds for fear that women’s entrance will 
erode the status and prestige of the fi eld as well as the pay. The specter of diminish-
ing pay—and potentially concurrent decreases in status and prestige of a fi eld— 
represents a key interest that entrenched majorities would seek to preserve by 
barring entry to women. 

 Similar to the mechanisms that produce disparate career advancement outcomes 
for women in science, segregation is related to pay along both the vertical and hori-
zontal dimensions, which can make the gendered social forces that produce the pay 
gap more diffi cult to reveal. Along the horizontal segregation, different areas of 
science have different pay rates. Women have often been observed to be more highly 
represented in the lower-paid fi elds while men are more highly represented in the 
higher paying fi elds. For example, biologists often earn far less than computer sci-
entists or engineers; women are more highly represented in biology than in CS or 
engineering. Employment sector is another dimension of horizontal sex segrega-
tion: pay is often far higher in private industry than in academia. As Etzkowitz et al. 
explain, in some fi elds like computer science women tend to work in universities 
while men take better paying positions in industry ( 2000 : 204). 

 In addition, vertical segregation also has important implications for the pay gap; 
as one gains more seniority and/or moves up positions in the status hierarchy, one 
expects increased earnings over the life course. The glass ceiling, therefore, imposes 
differential rates of access to higher-status jobs and this accounts for women’s lower 
average earnings relative to men’s. However, there is also evidence that women in 
positions equivalent to male peers also earn less than men, especially those that lack 
transparency and expect allow individuals to negotiate. In pay systems with less 
room for negotiation, however, gender differences are likely to be smaller since 
position (including rank in academic settings), experience, etc. will be more of an 
objective measure. Government systems or those in which labor unions play an 
important role, for example, can diminish wage inequality when compared to more 
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 laissez faire  systems. These processes that lead    to horizontal and vertical  segregation 
funnel more men but less women into higher-status and higher-paid jobs, so that 
over the career-course, the pay gap widens.  

3.6     The Cloister Culture of Science 

 When examining the work content of science, the traditional scientifi c career model 
was more accurately a “two-person career” that assumed that family and non-work 
issues were taken care of by someone else, traditionally a wife, allowing the male 
scientist to have a total commitment to work, with long hours. Such highly dedi-
cated men could also be expected—within this social context—to be highly mobile 
in pursuing career opportunities, often in multiple countries. This model is increas-
ingly untenable for both men and women; calling into question the traditional struc-
tures that guided scientifi c career paths. The extent to which family responsibilities 
may be a factor in women’s career disadvantage in science varies across countries. 
The availability of childcare varies from publically funded to inexpensive childcare 
and household labor that allows parents to “outsource” these tasks. National and 
local contexts for childcare, therefore, provide different tools with which dual-
career families may balance childcare, producing different patterns of career attain-
ment. In countries with little (institutional) supports for childcare, the dynamics of 
work/life balance are intensifi ed for scientists with children. For many women, 
childcare responsibilities have led to career breaks, which can hinder career success 
(CATALYST studies, Etzkowitz et al.  2000 ; Gupta et al.  2004 ; Kemelgor and 
Etzkowitz  2001 ; Osborn et al.  2000 ). Such studies have pointed to the need for “on-
ramping” programming for women who may have had such breaks to  re- integrate 
into their careers. 

 Of course, children will not always have a negative impact on careers. Some 
researchers have challenged the notion that women’s advancement in science is 
thwarted by childcare and family responsibilities. Mary Frank Fox ( 2005 ) has 
shown that US women with children who stay in academia are more productive than 
their counterparts without children. Frehill and Zippel ( 2011 ) fi nd that the presence 
of children did not affect US-based women’s participation in international collabo-
ration. Work by the European Commission, however, indicates that childcare 
responsibilities continue to limit women’s career outcomes in the highest levels of 
science (<> She Figures   2012 ).  

3.7     Institutional Processes 

 In this section, we have reviewed a number of processes within the institutions that 
comprise the presumed meritocratic objectivity of scientifi c communities, including 
the workplaces within which scientists work, that lead to patterned differences in 
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the career outcomes for men and women. Women experience barriers to  advancement 
in science both within educational institutions and scientifi c workplaces. The scis-
sors diagrams, which have become an omnipresent visualization tool, are clear in 
showing women’s declining representation at higher levels of science education and 
occupations and men’s concurrent increasing representation, especially women’s 
rarity in top leadership positions in science. 

 The so-called “blind” processes of peer review, in which faith has been grounded 
as an effi cient and fair means of evaluating the merits of scientifi c research, have 
been shown time and again and across national contexts to be fraught with some 
persistent bias against women. While women might benefi t overall from “blind” 
evaluation processes, the persistence of gender biases, even if they are not as overt 
as previously, can hinder women’s access to and advancement in science. The accu-
mulation of small disadvantages produces disparate outcomes over the course of 
individuals’ careers (Valian  1998 ). 

 Finally, particularistic institutional processes that treat individuals differ-
ently, which reward men for gender-appropriate aggressive behavior and may pun-
ish women for gender-inappropriate behavior (i.e., aggressiveness) disadvantage 
women, who are placed in an untenable, no-win situation necessary to access 
resources that are critical to career success. The subtle ways in which gender is 
woven into these processes provides institutions with a way to defl ect attention 
away from institutional actions and, instead, to women’s own behaviors as the rea-
son for persistent gender disparities in resource allocation, advancement, and pay. 

3.7.1     The Calculus of “Choice”: The Individual Level 

 In this section, we move further down into the social world to the level of individu-
als. At this level we are particularly interested in the calculus of choice. Here we 
reach a dilemma; to paraphrase Karl Marx, people make their own history, but they 
do so under circumstances directly encountered, given, and transmitted from the 
past. While individuals may be viewed as active agents of their own lives, especially 
in Western cultures, the extent to which individuals encounter opportunities and 
constraints, which can be patterned by a number of characteristics, which can serve 
to channeled individuals into some areas or block them out of others. Further, evi-
dence from non-Western cultures suggests that individualism is less important in 
determining career outcomes. Rather, in these cultures (notably Indian and China), 
students’ early performance on tests in mathematics and science and family wishes 
play a far larger role in the career selection process. In this volume, the ways in 
which the institution of gender shapes individuals’ choices, even though they may 
believe that these are freely made, results in the macro-level patterns of the sex 
segregation. 

 Norms, values, policies, and practices are patterned by gender channel individu-
als towards choices in relatively predictable ways. In addition, the information that 
individuals possess and the specifi c situations in which they fi nd themselves also 
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impact choices. The personal comments by Diane Wilcox ( 2015 ) about advancing 
in South African academic science provide an illustration of personal choices as 
they are embedded and constructed in a larger set of gendered practices. 

 Many researchers on gender and science today agree that there are multiple fac-
tors associated with variations in women’s representation in science. In general, 
both women and men select themselves out of and into sex segregated fi elds and 
believe that these are freely chosen pathways. Yet, we will show here, cross-national 
differences in how young women and men embark on studies and careers in science 
reveal the signifi cance of context for these choices. Indeed, that these gender differ-
ences in career interests are not fi xed, but vary greatly cross-nationally, refl ects the 
infl uence of complex social forces in social, organizational, institutional settings, 
and cultural beliefs that shape individuals’ choices.   

3.8     Gender Stereotypes 

  The social construction of gender varies cross-nationally, across cultural groups 
within a nation, across time, and across the individual’s life course. Gender stereo-
types are cultural beliefs about what it means to be a male or a female: these are 
learned from the moment of birth. In general, stereotypes of any kind are embedded 
in a society and infl uence individuals’ behaviors. Counter examples do not upset the 
conceptual framework of stereotypes, as these are viewed as “exceptions to the 
rule,” therefore, stereotypes can prove diffi cult to change. 

 Beliefs, for example, such as “girls are not good at mathematics,” despite the 
weight of evidence against this proposition, are commonly asserted as fact because 
stereotypes need no evidence to be taken at face value. Given the foundational role 
of mathematics in science, this particular stereotype is particularly problematic in 
those nations that hold this stereotype. 

 The Institutional Context of Mathematics Choice and Sex Segregation 
 Mathematics is the basis of many fi elds of science. Imagine the difference 
between growing up in a country in which in secondary school around the age 
of 13–14, individuals are asked, do you want to continue taking advanced 
math classes? And compare this situational “choice” to that in another educa-
tional system where the option for continued mathematics education is 
delayed until college. If mathematics is believed to be connected to gender, 
then those of the gender viewed as inferior at mathematics might be permitted 
to opt out of mathematics in the fi rst situation, making it more diffi cult to 
pursue math-intensive majors later in college. This example illustrates how 
the educational systems’ context can have profound infl uences on gendered 
achievements and potentially closing the gender gap in math. 
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 Spencer et al. ( 1999 ) explored stereotype threat as a factor affecting women’s math-
ematics performance. The original concept of stereotype threat had been  developed by 
Claude Steele and Joshua Aronson ( 1995 ) to understand why African American youth 
performed poorly on standardized tests in the United States. Steele found that under 
conditions of stereotype threat—a situation in which subjects were told that a test 
measured ability—African Americans performed substantially worse than Whites, 
while in a non-stereotype threat condition, African American scores were slightly 
higher than Whites. Many psychologically oriented researchers and engineering and 
mathematics educators have taken the phenomenon of stereotype threat seriously, and 
have devised testing protocols (i.e., specifi c sets of instructions) that serve to create a 
non-stereotype threat environment in testing contexts (Steele  1997 ). 

 At the heart of the matter   , the United States, along with other Western-European 
cultures, frames mathematics as an innate ability, with an uneven gender distribu-
tion of talent (i.e., girls are viewed as less likely than boys to be “good at math”). 
In Asian cultures, however, mathematics is culturally defi ned as a skill, which, like 
any other skill, requires practice to master. Therefore, the concept of stereotype 
threat, while salient in those nations where mathematics is a gendered ability, may 
be less relevant in those nations where mathematics is conceptualized as a skill. 

 Another way in which stereotypes affect the calculus of choice is the subtle 
biases that creep into decision processes. Peer review and evaluation, the most prev-
alent system of assessment and widely believed to be the most effective and effi cient 
means of maintaining highest standards, does not completely preclude social preju-
dices, such as gender stereotypes, which disadvantage women and advantage men. 
The earlier-cited works by Wenneräs and Wold ( 1997 ) for Sweden and Cotta et al. 
( 2009 ) for the case of Brazil make it clear that peer evaluations can be biased. 
Further, social psychological studies point to the persistence of implicit bias against 
women in science which can seep into the evaluation of their work (Nosek and 
Riskind  2012 ) and that often these biases are held by both men and women as they 
are inextricably woven into the fabric of social life.  

3.9     Gendered Norms 

 In the case of stereotypes, solutions can be developed that pull back the curtain to 
reveal the fallacy of the belief. New instructions can be devised for testing and more 
careful methods of review can be implemented to ensure that women and men are 
treated equitably in peer review processes. More diffi cult, however, are gendered 
norms, which are merely expectations for behavior based on gender. As indicated, 
above, these vary cross-nationally, over time, and cross-culturally (e.g., by ethnic-
ity, religion, social class) within a nation. Norms guide behavior in predictable ways 
as an element of social order. Enforcement of norms tends to be informal: those 
who violate appropriate rules of behavior associated with their gender might be 
punished, while those who conform may be rewarded, as was the case with negotia-
tion, discussed in the previous section. But these punishments and rewards are not 
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always codifi ed nor are the sanctions. In addition, the punishments and rewards 
associated with violating or conforming to norms may not be consequential to a 
given  individual. Hence, the calculus of choice within the context of gendered 
norms is rather complicated even as these norms do channel individuals into 
“gender- appropriate” fi elds. 

  Norms and Major Choice : When girls and boys make individual choices in school 
to major in specifi c subjects, later in university and fi nally for their career choices, 
gender norms affect their choices. As discussed above, stereotypes can serve as 
strong signals to girls and boys about the appropriateness of fi elds and careers. But 
the operation of gendered norms can often be more subtle. 

 For example, students now in the United States may refer to biology as an intui-
tive, “soft” and easy fi eld because of the preponderance of women in this major over 
the past 30 years. This means that biology as a fi eld is more accessible to women, 
since women can fi t in without creating dissonance between their self-image and 
that of a scientist. By contrast, mathematics and physics are constructed as diffi cult, 
“hard” sciences, which are more consistent with masculine norms, which attract 
men. Within the hegemonic construction of masculinity (Connell  1995 ), men shun 
fi elds associated with women/femininity and seek fi elds in which their sense of 
themselves as men can fi nd expression. 

  Gender and the Life Course : Gendered norms are particularly important in defi ning 
appropriate behaviors within family structures: wives and husbands, sons and 
daughters, and mothers and fathers. In China and India, for example, there has been 
a strong male-child preference because of beliefs about the roles of sons and daugh-
ters. In these countries, daughters are expected to marry into another family, with 
sons remaining and viewed as carrying on the family name and family responsibili-
ties, which become more onerous as parents age. 

 Family obligations and the gendered expectations associated with these obliga-
tions pose different consequences for women and men along the science career 
pathway. Employment choices are gendered, with long lasting infl uence of careers 
paths including pay and status, and, again contribute to observed gender segrega-
tion in labor markets. Consider the situation of a German woman with young 
twins who went back to get a master’s degree in computer science. She started a 
job in an almost all-male IT start-up company with little fl exibility and high 
demands for working overtime. She did not feel that this was a good “fi t” for her. 
Instead, she chose teaching at a local high school and has been satisfi ed for the 
past several years. 

 While the woman might believe that she has made a “free choice” between two 
career paths, when we look at the institutionalized features of the positions, 
 “gendered” organizational features become visible. The high school offered her a 
gender- mixed environment of colleagues and students, in contrast to the almost all-
male (IT) one she left. The working hours at school matched her children’s school 
and vacation schedule, hence enabling her to maximize time with her children. For 
her, this fl exibility was particularly important because her husband had a job with 
high time demands and little fl exibility, much like positions in start-up companies. 
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Hence, her “choice” between these two careers needs to be contextualized by the 
features of these two positions, the gendered workplace culture of the jobs as well 
as the availability of childcare beyond limited school hours in the German system. 

 If we carry this example a step further, we can also see a way in which individual- 
level choices, driven by organizational contexts, result in the macro-level pay gap. 
In this case, teaching pays less than IT work for those with the same education. But 
the work context in the IT start-up leaves little time for a worker to pursue much life 
outside the workplace. Teaching, however, is very consistent with work/life 
 balance—at least on the surface—so it is not surprising that this woman was fun-
neled into teaching and away from IT. Over time, her husband will see increases in 
his pay and could continue to reap the fi nancial rewards that come from long hours 
of paid employment. The woman is likely to work more hours than her husband, but 
will split her time between the lower-paid teaching job and the unpaid work of car-
ing for her family. In addition, she will also now have an IT career discontinuity that 
she would have to explain—if she is even given a chance to do so—making it 
rather diffi cult for her to move back into a full-time IT job even when her children 
are older. 

  Gender ,  the Life Course ,  and Science Careers : The decision to get an advanced 
degree in science and the choice of a work setting can be shaped by how individuals 
make choices within the context of the culture of science disciplines that are pat-
terned by gender. As illustrated by the example, above, individuals make choices 
within the context of their family situations and beliefs about appropriate behavior 
within the family setting. The German woman, above, who opted for a lower-paying 
job that provided her with more time to spend enacting the gendered role of “mother” 
might not have had that same freedom of choice if she did not have a partner who 
was not well employed. Likewise, if her husband had wished to spend more time 
with the children and less in the paid labor force, would his “choice” to take a lower- 
paying job be seen as acceptable? 

 Advanced science degrees, especially at the doctoral level, prepare students for 
academic careers and open doors in industry and government for professional 
careers with high status and leadership opportunities. When we compare disciplines 
and countries we easily see how these decisions are not just shaped by personal 
motives, but also by a whole set of complicated factors. The availability of work for 
people in labor markets varies by degree fi eld level and individuals’ careers may not 
match their level of formal education. For example, a US individual who holds a 
B.S. in chemistry but progresses within her/his career as a result of on-the-job train-
ing to positions of higher level research responsibility may fi nd that without a for-
mal educational credential it would not be possible to be hired to do the same work 
at another US fi rm or at a laboratory in another country (e.g., Germany). Particular 
subfi elds in the German chemistry workforce are deemed more open to women such 
as food-chemistry, which has less status and pay than other chemistry subfi elds 
(Kahlert  2012 ). 

 In addition, regulations and practices of workplace protections that people take 
for granted can further constrain women’s career choices. For example, in Germany 
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pregnant women are not allowed to work in laboratories that might expose them to 
“dangerous” substances, which has obvious implications for women’s ability to 
work in fi elds like the chemical sciences. Hence, women who intend to have chil-
dren in Germany may avoid chemistry jobs with such restrictions and take jobs in 
other areas of chemistry. Gendered policies that most individuals take for granted 
further obscure the role of gender in shaping career choices.  

3.10     Individual-Level Choices 

 Individuals are active agents but they are not atomistic. They are connected to 
 signifi cant others and, as members of cultures, sensitive to the norms that regu-
late social behavior. Gendered norms are woven throughout cultures, often in subtle 
ways, so that individuals may believe that the pathway choices they make are 
entirely independent of gendered considerations when, indeed, gendered factors 
have shaped these choices all along the way to produce the macro-level separation 
of women and men into different occupations. Individuals who choose to challenge, 
ignore, or violate the gendered norms within their culture run the risk of being 
evaluated negatively or, in extreme cases, of being targeted by gunmen as was 
Malala Yousafzai, the 14-year-old Pakistani girl who advocated for girls’ access to 
education. On the other hand, conforming to gendered norms may produce rewards, 
such as when men can choose to accept opportunities for advancement because 
someone else is responsible for taking care of their children.  

3.11     Conclusion 

 In this chapter, the horizontal and vertical dimensions of occupational segregation 
were discussed. Women and men often pursue different areas within the sciences 
(horizontal segregation). The role of education in preparing individuals for careers 
in science and the mechanisms by which entry is patterned by gender, therefore, 
produce differences in women’s and men’s entry to different fi elds of science. 
Further women are less likely to be at the pinnacle of scientifi c careers in positions 
of power and are more likely to be concentrated in lower-level positions (vertical 
segregation). The large cross-national variation in women’s representation across 
fi elds reveals the importance of social factors—versus innate biology—as the rea-
son for gender variation. The social institution of gender, itself, plays a pivotal role 
in women’s representation both across different fi elds of science and in advance-
ment within science. Gender as an integrated set of social norms, values, roles, 
expectations, and practices, shapes behavior and patterns opportunities in subtle 
ways, so that the average individual typically fails to acknowledge the role of gen-
der in producing educational and occupational outcomes. 
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 Expectations for performance within these systems vary and scientists’ careers 
can be infl uenced by state policies that may or may not provide supports or resources 
for scientists. Transparency in these processes can produce more equitable out-
comes, but the level of transparency varies across institutional contexts. The extent 
to which individuals negotiate within these systems and the extent to which 
 negotiation is gendered hold further implications for women’s advancement in 
science. 

 A number of processes within the institutions that comprise the presumed meri-
tocratic objectivity of scientifi c communities were reviewed. The omnipresent 
scissors diagrams clearly illustrate women’s lower representation at higher levels 
of science education and occupations and men’s concurrent higher representation, 
especially women’s rarity in top leadership positions in science. Such stratifi ca-
tion holds implications for women’s access to key resources in science and main-
tains men’s control of scientifi c organizations, thereby replicating the gendered 
status quo. 

 Second, the so-called “blind” processes of peer review have been shown to be 
fraught with bias (Wenneräs and Wold  1997 ). The accumulation of small disadvan-
tages produces disparate outcomes over the course of individuals’ careers (Valian 
 1998 ). Further, particularistic institutional processes that reward men for gender- 
appropriate aggressive behavior in the allocation of resources disadvantage women, 
who are placed in an untenable, no-win situation where aggressive behavior may 
result in sanctions. 

 Much more research is needed to understand how these processes vary between 
countries. The cross-national variation is a potentially rich source of “natural exper-
iments” to examine the way gender operates to impact education and career out-
comes. The D-scores that quantify the level of segregation—both horizontal and 
vertical—are one metric that can aid in these analyses; these metrics are also useful 
for the analysis of the segregation of science within a nation over time. Robust 
analyses should drill down to better document the institutional and institutional- 
level processes by which gender is salient in the careers of scientists. Within national 
contexts, it would be useful to examine if these processes impact women differently 
based on the level of women’s participation in science. For example, are women 
more or less likely to advance in male or female-dominated fi elds? Some evidence 
suggests that that even in fi elds in which women account for the majority of occu-
pants, men are privileged and “ride the glass escalator” to higher positions of author-
ity (Williams  1992 ). 

 There are a number of other research avenues in which attention to the horizontal 
and vertical dimensions of segregation and the social, organizational, and individual- 
level mechanisms could prove fruitful. First, the recent worldwide economic crisis 
increased competition for jobs across labor markets in most nations. To what extent 
were women in science likely to suffer adverse career impacts, either because of 
men’s assertion of gender privilege or due to “last in-fi rst out” processes? 

 Second, intersectionality also bears more careful scrutiny. In this chapter, we 
focused almost exclusively on deploying the tools and analytical strategies of sex 
segregation to understand the relative status of women in four science fi elds in 
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 international perspective. Other bases of differentiation, including birth cohort (or 
generational effects), race/ethnicity, immigration status, sexual orientation, etc. 
have been increasingly incorporated into more nuanced analyses of gender differ-
ences to provide a richer understanding of the segregation outcomes and cross-
national differences that might be observed. Scientists are an internationally mobile 
workforce; so, for example, to what extent does gender and national origin (i.e., 
immigrant/nonimmigrant) impact individuals’ science careers? 

 Additional research on women’s science careers outside of academic settings in 
cross-national perspective is also needed. There are vast differences across nations 
in the level and quality of data about workforce participation. Data on women in 
industrial and government science workplaces is often very diffi cult to obtain, 
despite the efforts by international organizations like OECD to standardize occupa-
tions and industrial classifi cation systems. 

 Much of the international effort focused on improving the status of women (e.g., 
UNESCO) often focuses on such basic needs for health and sanitation, that increas-
ing women’s participation in science seems remote in comparison. That is, as illus-
trated by recent events, the need to address outright violence against women when 
they attempt to go to school or work may be a more pressing priority versus opening 
doors to women to what is generally a small segment of the larger labor force (i.e., 
science). 

 In closing, the relationship between scientifi c credentials, careers, and larger 
social and economic forces must attend to gender as an often subtle factor that 
affects all of these processes. The social organization of science and the ways this 
might vary across national contexts should also fi nd a place on social scientists’ 
research agenda. The worldwide discourse that suggests that science is critical for 
economic development and continued technological advancement implies that 
women have an important stake in being full participants in science.      
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      Vignette 3.1
Focus on Brazil  

 Alice Abreu 

 The case of Brazil is worth looking at in more detail, since at fi rst glance women 
appear to have made important progress in the scientifi c system. Figures  3.6  and  3.7  
show the percentage of M.Sc. and Ph.D. graduates by sex for the period from 1996 
to 2009.   

 Women have been the majority of M.Sc. graduates since 1998 and the majority 
of Ph.D. graduates since 2004, making the famous scissors diagram change direc-
tion. As discussed in Vignette  10.3 , this was the result of a consistent universal 
policy of support for graduate training. In 2008 women accounted for 53.9 M.Sc. 
graduates and 51% of Ph.D. graduates. 

 Between 1996 and 2008 there were 87,000 Ph.D.s graduated in all scientifi c 
areas CGEE ( 2010 ). The number of Ph.D.s conferred increased 278% between 1996 
and 2008, a yearly rate of 11.9%. The large majority of the Ph.D.s graduated from 
public universities, either from the state system of São Paulo, or the Federal 
Universities. In fact, fi ve universities, including three of São Paulo, accounted for 
about 60% of total Ph.D.s conferred in Brazil between 1996 and 2008. Having 
women as the majority of Ph.D.s graduates puts Brazil among the very few coun-
tries, which includes Portugal and Italy, where women represent the majority at this 
level of training. Across the EU, women earn, on average, 46% of Ph.D.s European 
Commission ( 2013 ) and in the United States women earned 49% of Ph.D.s in 2011. 

 In Brazil, as in other countries, there are considerable differences in women’s 
participation between the scientifi c disciplines. In 2008 women represented a very 
strong majority of Ph.D. graduates in Health Science (59%) and Biological Sciences 
(63%), which is similar to the high rates of participation in these areas in the United 
States and many European nations. However, unlike the United States and some 
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European nations, Brazilian women are more highly represented in Engineering 
(33%) and Exact Sciences (38%). 

 Looking in more detail at the three scientifi c areas focused by this book, mathe-
matics, computer science, and chemical sciences, Fig.  3.8  shows that there are 
important differences among the Ph.D. graduates according to the subareas of 
those fi elds. In Probability and Statistics and Chemistry, women earned 50% of the 
Ph.D.s in 2008, with even greater representation but in Biochemistry, within the 

42%

44%

46%

48%

50%

52%

54%

56%

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

P
er

ce
n

t 
o

f 
M

as
te

r'
s 

D
eg

re
es

 

Women

Men

  Fig. 3.6    Percent of M.Sc. degrees awarded in Brazil by sex, 1996–2009.  Source :  Frehill ,  Lisa M. 
2013. Analysis of data from CGEE 2012        
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Life Sciences, in which women accounted for 65% of Ph.D. graduates (this subfi eld 
is not shown in the chart). In Mathematics and Computer Science, however, the situ-
ation is very different; women earned only 20% of Ph.D.s graduates in 2008 in 
Computer Science, and just under 30% in Mathematics.  

 This enormous effort to qualify Brazilian scientists has had some important con-
sequences for the S&T system in general; the overall participation of women 
researchers in active research groups increased from 39% in 1997 to 50% in 2010 
(CNPq, Census of Research Groups  2013 ). 

 The increased number of women in the lower levels of the scientifi c and techno-
logical system, or even at the Ph.D. level as in Brazil, however, has not translated 
into increased numbers in the positions of higher prestige. For example, while 
women account for 50% of researchers overall, they represent just 44% of research 
group leaders. In engineering, even with women representing a third of new 
 graduates a year, just 22% of research group leaders in Engineering are women 
(CNPq  2013 ). 

 Unlike the emphasis on tenure within US academia, tenure is not relevant to the 
scientifi c career of a Brazilian scientist. The access to the state and federal system is 
via public competition, which grants stability from the beginning of the work con-
tract as a lecturer. The scientist then has to progress by merit to the different levels 
of the career ladder. At the highest level of the Full Professorship, another public 
competition is held. 

 Data to evaluate the position of women in the Brazilian University system as a 
whole are diffi cult to obtain, but there are some specifi c case studies that can shed 
light on this. A recent study of one of the large State universities of São Paulo, 
UNICAMP, shows that in 2006 women represented 34% of the total number of 
lecturers. They represented 42% of lecturers holding a Ph.D., but only 23.2% of Full 
Professors. This is however a substantial increase from the situation in 1994, when 
only 10.3% of Full Professors were women (Vasconcelos  e  Brisolla  2009 ). 

  Fig. 3.8    Women as a percent of Ph.D.s in specifi c fi elds of science in Brazil, 2008.  Source :  Frehill , 
 Lisa M. 2013. Analysis of data from CGEE 2012        
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 Another indicator showing women’s diffi culty in reaching the higher positions in 
the system is related to the prestigious Senior Research Scholarships, a program of 
scholarships that supports the best researchers in the country. A very competitive 
process, researchers propose a 5 year project, is evaluated and reviewed at each 
renewal, with important expectations for resultant high level publications from the 
project. With fi ve levels of excellence, women have represented only 22–23% of 
grantees in the highest level, with no upward trend in the last decade. So one of the 
big challenges for the Brazilian S&T system is to make sure that these highly trained 
women scientists participate fully and are involved in the highest decision-making 
positions of the system. 
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    Vignette 3.2
 Greetings from Italy: What Is Changing 
for Women and Science and Research Careers  

 Sveva Avveduto 

 According to OECD data, the Italian female employment rate is 48% OECD (  2013 ), 
one of the lowest of the OECD area as well as of all Western countries. If we con-
sider that so few women work in Italy, much is left to the imagination about the situ-
ation of women working in scientifi c and academic research, areas dominated by 
men. When in the 1990s, I started working with data and interpretation on women’s 
condition in scientifi c careers in Italy, I had to face a complete underrepresentation 
of women in science, the relevance of gender stereotypes in any step of female sci-
entists and researchers careers, a lack of gendered career paths and of role models. 
The entire academic and research systems seemed to be based on a masculine ori-
ented model of work: heavy workload (as much as 60 h per week), exclusive dedica-
tion to research and study, selection made out of scientifi c affi liations preferring, in 
any case, men over women. Apart from the state of research and science workplace, 
female scientists and researchers had to face impressive family burden, due to a 
remarkable lack of social services for working women. In this sense, women in 
research and development (R&D) had to face an authentic martyr role in university 
classes and research labs, instead of being just a part of a scientifi c community 
building up knowledge and development. 

 My research and analyses focused on: (1) (unequal) access to scientifi c and 
research careers; (2) (unequal) career paths and access to career development oppor-
tunities; and (3) gender differences in the management of work/life balance. Nor did 
the situation prove to be better when I moved my analyses from a qualitative point 
of view to a quantitative one: in the European Commission  2003   She Figures  reports 
the percentage of female researchers over the total workforce in R&D in Italy was 
26.8%, compared to a percentage of 50.8% female graduates. The loss of human 
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capital and human potential is clear if we consider that half of the female population 
graduating did not consider (or did not have access to) a scientifi c or research career. 
Resilient prejudice (and sometimes self imposed prejudice) about women’s abilities 
in science and research, barriers in hiring and promoting female scientists from the 
“the old boys networks”, diffi culties experienced in managing family and work-
loads within an inadequate social welfare policy system played their part in the 
unfair and limited representation of women in R&D. 

 What can we say about the current situation of women in science and research in 
Italy? According to the data European Commission ( 2013 ) and to the analysis, 
although the general framework has not changed a lot, nevertheless, the situation for 
women in science and research has improved. From a quantitative point of view, we 
can notice from the most recent  She Figures  ( 2012 ), that female scientists and 
researchers in Italy reached the rate of 34% of the scientifi c workforce in universi-
ties and labs, with an increase of 7.2% in 10 years. This fact is interesting if we 
compare it with the 52% representation of female Ph.D.s (all fi elds) in 2010 and 
the 50.7% of female Ph.D.s in STEM. What happened to justify    this quantitative 
improvement in the female presence in scientifi c careers? Do these data refl ect also 
a qualitative improvement in career paths and management of work/life balance? 
Did Italian welfare system policies for working women improved signifi cantly in 
this decade? 

 I fi nd that, even if in the background context only minor changes occurred, two 
signifi cant trends are emerging in the R&D system. First, the Europeanization of the 
research system brings with it rules and procedures regarding gender equal repre-
sentation. Second, there are new relationship-building tools for encouraging 
exchanges between experienced and young female scholars. 

 Regarding the fi rst trend: the introduction of  The European Charter of 
Researchers and the Code of Conduct for Recruitment  European Commission 
( 2005 ) represents a turning point for    better gender representation. According to the 
principle of nondiscrimination and the principle of gender balance, quality of 
research and competence of researchers were matched with an equal opportunity 
policy for recruiting and for further career paths. The salience of the European doc-
ument is such that norms for foreseeing gender quotas European Commission 
( 2011 ) in the hiring and evaluation commissions were fi rst inserted in the proce-
dures of Italian Public Research Institutions and then extended to all hiring commis-
sions in the Public Administration. 

 The Europeanization of the Research Area with the ERA acted also as a catalyst 
for young female scholars, who had the chance to open their research and science 
horizons to a wider European scenario, comparing with different research and sci-
entifi c systems where female underrepresentation has provided for different policy 
and cultural solutions (e.g., Scandinavia, with adequate welfare policy solutions for 
working women and even in countries from the former USSR block, where gender 
equal opportunity was tied to the concept of socialist equality). The Europeanization 
of the Italian research and science sector is a long-term process and it is still in a 
complex implementation phase, but I have to recognize that it was truly signifi cant 
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to give impetus to gender equal opportunities in scientifi c careers within the national 
R&D system. 

 But what I fi nd really interesting, as a sociologist is the path to commonly shared 
social practices in female mentoring. Our scientifi c community fi nally managed    to 
ensure (albeit still few) scientists key positions in public research institutes, univer-
sities, and laboratories, and these experienced researchers showed an uncommon 
ability to advice and counsel early stage female scholars starting or advancing in 
their careers. The widely studied practice Green and Bauer ( 1995 ; Ibarra et al.  2010 ) 
of mentoring obtained special results in gender empowerment, career counseling, 
and excellent research achievement when female mentors meet female mentee. The 
sharing of a common research path is often the occasion for mentor and mentee to 
meet and to start a social and professional relationship that is fruitful for both sides 
as well as the general affi rmation of gender equality. Our social responsibility as 
women starts here, passing of the baton to a new generation of young women scien-
tists that will live and work in a world more open to equal opportunities for women 
in science, where the quality of research will be the only evaluation parameter. We 
hope and we work for it. 
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    Vignette 3.3
 A Refl ection on Advancing in the Mathematical 
Sciences in South Africa  

 Diane Wilcox

Uncertainty about one’s ability to execute one’s research plan can be one of the most 
challenging aspects of graduate student life. As a result, institutional and circum-
stantial hurdles can seem menacing, particularly when it takes signifi cant discipline 
and perseverance to redefi ne one’s own and society’s boundaries of knowledge 
through some process of scientifi c discovery which one is still discovering. 

 When I graduated with a B.Sc. in 1994, women were a small minority among the 
candidates majoring in mathematics and in computer science. Fortunately 
 demographics were improving. By the time I submitted my Ph.D. for examination 
in 2001, gender seemed less of an impediment to my progress as a mathematician 
than to general social interaction: it can be diffi cult to interact confi dently with fam-
ily or friends when a proof you’re working on becomes more and more convoluted 
or when you’re grappling with concepts and cannot see how pieces fi t together. 

 I was fortunate to have been spared much overt chauvinism and did not encoun-
ter sexual harassment as a university student. Therefore, my own social challenges 
often seemed more idiosyncratic than symptomatic of fundamental prejudices in 
society (cf. Hanisch  1970 ). Having attained success at something less ordinary, the 
challenge of reintegrating to the mainstream, while continuing research, would turn 
out to be as diffi cult. Over the years, it has become easier to appreciate that barriers 
are an aspect of social cohesion and it takes signifi cant emotional intelligence and 
mentoring to nonconform acceptably. Mathematical scientists are not best known 
for their EQ’s and the system is not always sympathetic. 

 Thus, I am most thankful for friends and mentors who have offered encourage-
ment, feedback and critical review and for generous funding to conduct and dissemi-
nate research. 
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Big career highlights have included extending the theory of semi-Fredholm rela-
tions, developing the theory of Atkinson operators in a generality that had not been 
detailed before my fi rst publications, the ICM2002 and graduation in December that 
year, and a decade more of continued discovery and new insights in fi nancial mar-
kets, mathematical modeling and multivalued operators. The honor of being enabled 
to prove theorems, dissecting the applicability of theories, developing new perspec-
tives, and meeting leading thinkers has been its own amazing reward. 

 As a mid-career researcher I have found pressures due to gender inequity became 
more acute: referral networks for women’s promotion on merit are still limited and 
childbearing makes us less mobile to pursue promising opportunities. Coping with 
incongruities and hypocrisy can be perplexing and implied skepticism of one’s cre-
dentials, which can be as stringent from the female camp, can cause negative feed-
backs. Even the best policies do not always benefi t pioneers who create precedents, 
while academics with comparable capacity, but more celebrated or focused contri-
butions, may move through the ranks more quickly. 

 Discouraging experiences are less likely to occur once there is suffi cient critical 
mass and South Africa’s National Research Foundation has launched several initia-
tives to increase research output, including focus programs for women (Mouton 
et al.  2009 ). The strategy has shown success and mathematical scientists are writing 
more papers.   There are always counter-examples. I, myself, experienced diminished 
output of published papers, despite a promising start. Several factors contributed to 
this decline including: student project supervision; evolution in research focus and 
associated further skills development; parenting; relocation; and time-allocation to 
promoting women-in-science. Thus, over-exuberant encouragement to publish has 
sometimes been more frustrating than motivating. 

 I acknowledge that I have taken on more than I could cope with at times. This 
sort of career error has the downside of eroding one’s professional integrity by mak-
ing one seem unnecessarily weak or even incompetent. Professional education now 
commonly includes learning how to say “no” and administrators should be vigilant 
of unreasonable workloads that lead to burn-out. 

 In a competitive environment, we all want to be distinguished. As I morphed 
from being a young researcher to a more established academic, I, too, have found 
myself “sizing up” competition from younger researchers. This highlighted how 
building the women-in-science network has some natural enemies within and cor-
roborated that biases paradoxically push up the bar by which women get measured 
as capable or outstanding scientists (Raymond  2013 ). 

 Gender issues in STEM are complex, not least because they are subsumed by 
their context in greater society (Hill et al.  2010 ; Hyde and Mertz  2009 ). At a women-
in- science meeting an established academic once offered some advice to younger 
women. Highlighting the professionalism required to be an academic, she con-
cluded with: “you don’t want to be one of those women.” I was intrigued. While I’m 
aware people judge one another and have heard scathing gossip, I have not met a 
scientist who I could bin as “one of those women.” Since we all have different life 
stories, there’s little logic in expecting all women in STEM to conform to a 
 standardized mold. Nevertheless, females are sometimes forced to curtail their 
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 personalities in professional environments, while males are less censured (Pronin 
et al.  2004 ; Rudman  1998 ; Bowles et al.  2007 ). 

 Unsurprisingly, I have found that developing a comprehensive and competitive 
research program as a leading investigator comes with fresh challenges. Good sci-
ence is not a clear-cut process (Dyson  2014 ; Levy 2010 ) and it takes skill and confi -
dence to cope with the complexity of project management and work on multifaceted 
problems (Gladwell  2013 ). Discovery entails experimentation and risk. Fortunately, 
women have also emerged as great risk managers (Widmer  2013 ), giving further 
evidence for fairer sex demographics for the future. 

 Prejudice will continue to be a reality for members of marginalized minorities, 
particularly when obstacles are scaled or expectations are exceeded in historically 
elite areas, as long as we are blinkered by our biases. We’ve certainly made prog-
ress, but our journey is not over for a global community in which women are not just 
regarded as clever, but as being able and necessary to advance in science and play 
leading roles without being stereotyped. 
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