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ABSTRACT
Gender equality in modern societies is a topic that never fails to raise passion and controversy, in spite of the large body
of research material and studies currently available to inform the general public and scientists alike.
This paper brings the gender equity and equality discussion on the Adaptive Optics community doorstep. Its aim is threefold: (1) Raising awareness about the gender gap in science and astronomy in general, and in Adaptive Optics in
particular; (2) Providing a snapshot of real and/or perceived causes for the gender gap existing in science and
engineering; and (3) Presenting a range of practical solutions which have been or are being implemented at various
institutions in order to bridge this gap and increase female participation at all levels of the scientific enterprise.
Actual data will be presented to support aim (1), including existing gender data in science, engineering and astronomy,
as well as original data specific to the Adaptive Optics community to be gathered in time for presentation at this
conference. (2) will explore the often complex causes converging to explain gender equity issues that are deeply rooted
in our male-dominated culture, including: conscious and unconscious gender biases in perceptions and attitudes, worklife balance, n-body problem, fewer numbers of female leaders and role models, etc. Finally, (3) will offer examples of
conscious and pro-active gender equity measures which are helping to bring the female to male ratio closer to its
desirable 50/50 target in science and astronomy.
Keywords: Gender Equity, Gender Equality, Gender Demographic Survey, Diversity, STEM, Adaptive Optics
Community

1. MOTIVATION
In recent years gender studies and analyses seem to have been gaining momentum not only in the humanities but also in
science and technology fields. A web search on “gender equality” and “gender equity” will yield millions of hits, of
which this paper can only hope to refer a few. This welcome phenomenon is no doubt the result of long and hard fought
battles by earlier feminists, but it is also stemming from a renewed sense that society ought to pay more attention to half
of their members. As the Chinese saying goes, “Women hold up half of the sky.” But do they really in astronomy, and
more particularly in our specialty field of Adaptive Optics?
As first author of this rather unusual SPIE conference paper, and as a woman working in Adaptive Optics, I have had
first-hand experience of what it means to be part of the female minority in our field. But the gender equality issue did not
seem to raise its head in the early years of my career, or at least I did not become aware of it, until it suddenly hit home.
UC Berkeley Physics PhD student Kate Kamdin1 brilliantly describes what I and other women in science and technology
have experienced or will surely come to discover at some point in their career:
“(A) professor told me that other universities have these “women in physics groups” and that there are studies
on “gender bias.” At the time, I was extremely suspicious of groups specifically for women. I was brought up
believing I could accomplish anything my male peers could. I didn’t need special treatment; I had merit! This
same belief made me previously dismiss the notion of gender bias, especially in the sacred halls of science —
*celine.dorgeville@anu.edu.au; phone +61 2 6125 6374; fax +61 2 6125 0233; rsaa.anu.edu.au
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science, after all, is underpinned by the notion that meritocracy rules and special treatment drools. But this
professor said there were scientific studies. So with my trust in science and a healthy dose of skepticism, I
started on my literature search.”
Indeed, information is key. All of us, scientists and engineers, understand the power of, and generally trust, evidencebased information. Ignorance is not bliss. This paper aims to start anyone in Adaptive Optics who has not yet
encountered gender bias, or does not believe that any such thing may exist in our field, on the same eye-opening journey,
and provide all of us with tools to bring about positive change.
The paper is organized as follows: Section 2 presents a snapshot of gender data and studies performed in Science,
Technology, Engineering and Mathematics (also known as the STEM fields), and summarizes their findings. Section 3
focuses on the Adaptive Optics community, and presents results from the Adaptive Optics Community Gender Survey
which was circulated prior to this SPIE conference. Section 4 takes a close look at past SPIE Adaptive Optics and
AO4ELT conference gender data. Finally, section 5 provides some suggestions and recommendations on ways to support
and increase the number of women working in Adaptive Optics.

2. WOMEN IN SCIENCE, TECHNOLOGY, ENGINEERING AND MATHEMATICS
2.1 “Women in” organizations
There is presently a multitude of government bodies, non-governmental organizations, and international or national
society chapters focusing on the status of women in Science, Technology, Engineering and Mathematics (STEM) fields.
Most of the data provided in this section comes from one of these organizations, including but not limited to:
•

The Committee on Women in Science, Engineering and Medicine (CWSEM) of the National Research Council
(NRC) of the US National Academies2, 3, 4

•

The Society of Women in the Physical Sciences (SWPS)5

•

The Society of Women Engineers (SWE)6

•

The Australian National University (ANU) Gender Institute7

In our field, "Women in Astronomy" (WiA) committees or chapters of national astronomical societies bring gender
equity issues closer to home by actively gathering data about the astronomical gender gap (pun intended), informing the
astronomical community about gender equity and equality issues, investigating their possible causes, and promoting
solutions at the individual as well as the institutional levels. WiA groups typically communicate via social media (blogs,
Facebook, Twitter) and regularly organize dedicated meetings and workshops in and out of their corresponding annual
national society conferences. WiA membership is open to all who are already members of the national society they are
affiliated with, and sometimes beyond. This paper was partly inspired by many eye-opening blog posts and thorough
documentation pieces available from the following groups:
•

The American Astronomical Society (AAS) Committee on the Status of Women in Astronomy (CSWA) 8, 9, 10,

•

The Women in Astronomy (WiA) chapter of the Astronomical Society of Australia (ASA)14, 15, 16, 17

•

The ANU Research School of Astronomy and Astrophysics Access and Equity Committee (RAEC)18

11, 12, 13

2.2 STEM and Astronomy Gender Data
Since they started entering the higher education pipeline, women have been graduating in ever greater numbers in
traditionally male-dominated STEM fields. In the USA for instance, women are now reaching participation levels on the
order of 30% (PhD degree) to 40% (Bachelors and Masters degrees) in Physical Sciences and Mathematics (Figure 1a);
in Computer Sciences and Engineering (Figure 1b), participation remains lower than 30% but is also increasing, reaching
levels on the order of 18 to 28%. In many other fields women participation has effectively reached gender parity (e.g.
Social Sciences and Bio Sciences) or exceeded it (e.g. Psychology)19.
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In academia, although women represent an increasing share of STEM researchers and faculty, they continue to be
underrepresented in many of those disciplines. Additionally, gender studies and analyses such as those published by
Nature in March 201320, 21, consistently find and report that "women scientists are still paid less, promoted less
frequently, win fewer grants and are more likely to leave research than similarly qualified men."
Indeed the gender gap looms large in most, if not all, scientific and engineering fields, and astronomy is no exception to
this state of affairs. Last year in the USA, 35% of astronomy graduate students were women (Figure 2). In comparison,
only 15% of full professors in US astronomy were women22. During the same year in Australia, female students also
accounted for 35% of the Astronomical Society of Australia (ASA) student members, while 24% of regular ASA
members were women and only 14% of ASA fellows were women15.
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Figure 2: 2013 snapshot of US astronomy faculty. Credit: American Astronomical Society, Committee on the Status of
Women in Astronomy22
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2.3 STEM Gender Studies, Analyses, and Findings
Listed below are the top-level findings presented in a 2007 report by the US National Academies23:
“1. Women have the ability and drive to succeed in science and engineering.”
BEYOND BIAS AND BARRIERS
FULFILLING THE POTENTIAL OF WOMEN IN
ACADEMIC SCIENCE AND ENGINEERING

“2. Women who are interested in science and engineering careers are lost at every
educational transition.”
“3. The problem is not simply the pipeline.”

1.1

“4. Women are very likely to face discrimination in every field of science and
engineering.”
“5. A substantial body of evidence establishes that most people—men and women—hold
implicit biases.”

rrOmr

“6. Evaluation criteria contain arbitrary and subjective components that disadvantage
women.”
“7. Academic organizational structures and rules contribute significantly to the
underuse of women in academic science and engineering.”
“8. The consequences of not acting will be detrimental to the nation’s competitiveness.”

Figure 3: “Beyond Bias and Barriers: Fulfilling the Potential of Women in Academic Science and Engineering”. Credit:
(US) Institute of Medicine, National Academy of Sciences, and National Academy of Engineering23

The complete, 346-page report is available on-line, free of charge23. We strongly encourage the reader to browse though
the 4-page executive summary to understand in a little more details what each of these findings entails and get better
acquainted with the scientifically documented evidence that supports them.
Because of historical gender discrimination in higher education, women have only had full access to higher education
relatively recently (at least in some countries). It’s only in 1980 for instance that enrollment into US colleges effectively
reached gender parity24. Thus it is not unreasonable to wonder whether the current gender imbalance in senior academic
positions might simply be caused by demographic inertia, meaning by the time it takes for women to sift through the
academic pipeline. A 2012 study by Shaw and Stanton25 addresses this very question using National Science Foundation
data for all US academics over the period 1979-2006 and by modeling the so-called “leaky pipeline” illustrated in Figure
4. Figure 5 presents their results for Science and Engineering disciplines.
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Figure 4: The “leaky pipeline” model. Credit: Allison Shaw and Daniel Stanton25

Although women nowadays contribute about 50% of the US undergraduate student population in Science and
Engineering, the current female participation of 20% at the tenured professor level is still lower than the ~30% predicted
by the model assuming no gender bias (Figure 5). Therefore it appears that demographic inertia is indeed a strong
contributor to the gender gap, but that it can only partially account for its magnitude (e.g. only 2/3 of it in the case
of US tenured professors in Science and Engineering). The remaining 1/3 must somehow be explained by factors related
to our society and workplace culture, as well as the many differences (innate and/or acquired) that exist between men and
women.
Table 1 below provides a succinct but broad overview of the many possible causes that contribute to explain persistent
gender imbalances in the STEM fields. Causes are loosely organized in three categories: (1) Societal and cultural
influences; (2) Workplace structural and cultural influences; and (3) Individual abilities and behaviors. In many cases,
causes and their direct and indirect effects blur the line between categories. Note that the list is non-exhaustive.
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Figure 5: Demographic inertia modeling study by Alison Shaw and Daniel Stanton25 using 1979-2006 US academia data
from the National Science Foundation. Results from left to right, top-to-bottom: Science and Engineering disciplines
combined; Engineering only; Physical Sciences only; and Mathematics and Computer Sciences only.

Although fairly extensive references are provided in Table 1, those only represent the tip of the iceberg in terms of the
depth and wealth of the gender studies, analyses and discussions conducted on each topic. Again, we strongly encourage
readers to access these references, and draw their own conclusions about whether these may (or may not) be ongoing in
their field of expertise, at their work place, in their teams and within their individual selves.
Gender studies and analyses employ a specific vocabulary, with terms and expressions that are defined and sometimes
have been specifically coined to describe a variety of gender-related concepts, syndromes, and phenomenon. A glossary
of the terms most relevant to the present discussion is provided in Table 6 at the end of this paper in order to prevent
confusion or misunderstandings as to their meaning. For additional definitions, or definitions of terms which are not
included in Table 6, please refer to 26, 27, 28, or simply search the web.
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Table 1: Gender inequality causes generally identified in gender studies and analyses

Causes

Description/Explanation/Examples

Ref.

Traditionally maledominated
society
and culture

Source of many gender inequality causes listed in this table at the Society and
Culture, Workplace, and Individual levels.

29, 30, 31,

Male privileges

Subtle gender-based advantages that men enjoy in male-dominated societies, often
without ever being conscious that women don’t enjoy the same advantages that they
do.

34

E.g. cultural representation of scientists and engineers as typically male.

35, 68

Implicit Association Test36, 37 shows that 75% of men and women do not associate
‘female’ with ‘career’ as easily as with ‘family’. (In comparison, 75% of whites, and
50% of blacks, show anti-black bias.)

36, 37, 38

Society and Culture

Gender roles
stereotypes

and

Implicit bias

32, 33

Pervasive consequences in all areas of life e.g. low representation of women in areas
of power (politics29, media30), and human knowledge (e.g. history31, 32, science33).

2012 US hiring study38 using identical male and female CVs shows that science
faculty, regardless of gender, age, seniority, and discipline, favor male candidates
with regard to competence, readiness to offer mentoring, and starting salary.
Although female candidates where generally thought of as more likeable, they were
simultaneously seen as less desirable to hire.
Limited number of
female role models

Strong impact during primary education when children develop their own view of
the world, thus perpetuating the prevalent male-dominated society model.

29, 30, 31,

Stereotype threat

1999 study39 shows that women typically underperform in comparison to men on
difficult math tests, but perform equally with men on easy tests. However women
perform equally with men on all tests when initially told that test results show no
gender difference. Conversely, women underperform similarly to their reference
(typical) performance when told that test results show gender differences.
Meanwhile men perform the same in all circumstances. Thus women are subject to
stereotype threats while men are not.

39, 68

32, 33, 68

Workplace Structure and Culture (STEM fields)
Historically
maledominated structures

Women have had access to higher education and entered the workforce only
recently24. Male culture has fashioned workplace systems (e.g. traditional
recruitment and promotion processes) that naturally privilege men.

24, 40, 41,
68

Pervasive consequences in all work areas, e.g. “boy’s club” culture (when business
decisions are made outside of work where women are not/cannot be present)40; glass
ceiling41 effect on women.
Gender
discrimination

2007 US report23 finds that “Women are very likely to face discrimination in every
field of science and engineering” (either direct and/or indirect discrimination).

4 (page 4),
23, 68

However a subsequent 2010 US report4 finds that “For the most part, men and
women faculty in science, engineering, and mathematics have enjoyed comparable
opportunities within the university, and gender does not appear to have been a
factor in a number of important career transitions and outcomes” (there was no
evidence of direct discrimination).
Mini-me syndrome

Through unconscious bias, individuals tend to hire and promote talent in their own
image40.
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40

Queen bee syndrome

Women who achieve success in male-dominated environments sometimes oppose
the rise of other women, as they become obsessed with maintaining their authority in
the patriarchal work culture in which they have had to perform.

42, 43

Impostor syndrome

The impostor syndrome typically affects highly achieving and successful
individuals, making them feel like a fake, attribute success to luck, and discount
their successes. Although originally associated with women, the impostor syndrome
actually affects men in similar numbers.

10, 44

Individuals working in STEM fields tend to believe that hiring/promotion practices
based on merit only are intrinsically fair and sufficient to ensure the recruitment of
the most talented candidates. Gender studies and analysis show that most
hiring/promotion practices actually discriminate (typically indirectly) against
women.

23, 45, 67

Leaky pipeline

Women who are interested in science and engineering careers are lost at every
educational transition, in greater numbers than males in similar situations. Women
who enter the academic profession are also lost at every career step along the way to
becoming full professors.

4, 23 (page

Implicit bias

US National Academies 2007 report23 states: “An impressive body of controlled
experimental studies and examination of decision-making processes in real life show
that, on the average, people are less likely to hire a woman than a man with
identical qualifications, are less likely to ascribe credit to a woman than to a man
for identical accomplishments, and, when information is scarce, will far more often
give the benefit of the doubt to a man than to a woman. Although most scientists and
engineers believe that they are objective and intend to be fair, research shows that
they are not exempt from those tendencies.”

23 (page 3)

Few
women
in
leadership positions

As a result of the leaky pipeline and other effects, there is a shortage of women in
senior and leadership positions who can be seen as role models by women in more
junior positions.

68

Sexual harassment

E.g. Sexual harassment remains a real issue in astronomy10 and other STEM fields68
in spite of existing anti-harassment policies, due to poor institutional support in
male-dominated society and culture that tends to put blame on victims.

10, 68

Lack
of
familyfriendly policies and
infrastructure

Lack of child care support and other structures/policies to support carers in the
workplace, e.g. Lactation and Family Rooms (where mothers can breastfeed their
infant and more generally where parents can care for their children when they have
to be brought to work)

18

Non-linear careers

Women tend to have more non-linear careers than men, i.e. careers that do not
follow the traditionally successful pattern of working full-time without breaks in
employment; e.g. careers including multiple career interruptions, whether temporary
(e.g. during short-, mid- and long-term Parent/Family/Carer’s leaves) and/or
permanent (e.g. women leaving their job to follow their spouse or partner to another
geographic location (two-body problem); or prevented to work in country of
residence due to visa considerations.)

46

Blind
belief
meritocracy

in

2), 25

Individual Abilities and Behaviors
Natural abilities
STEM fields

in

US National Academies 2007 report23 states: “Studies of brain structure and
function, of hormonal modulation of performance, of human cognitive development,
and of human evolution have not found any significant biological differences
between men and women in performing science and mathematics that can account
for the lower representation of women in academic faculty and scientific leadership
positions in these fields. The drive and motivation of women scientists and engineers
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23 (page 2)

is demonstrated by those women who persist in academic careers despite barriers
that disproportionately disadvantage them.”
Work/home balance

Women tend to be primary carers in their families (typically caring for the young as
well as the old) and generally put more importance than men in work/home (also
called work/life and work/family) balance issues.

10

Women also tend to spend more time doing house chores than men.
Biological clock

Women’s careers are adversely affected by the biological clock requiring them to
have children early in their career, typically before their 40s (this issue affects all
women whether they eventually have children or not).

10, 69, 70

Although illegal, discrimination against women in child-bearing years is not unheard
of.
n-body problem

n=1 The one-body problem typically refers to the difficulties faced by a single
woman engaged in a scientific, academic career, to find a partner willing to support
her career aspirations, including the need for long working hours and multiple
geographic moves during her professional career.

10, 46, 47,
68

n=2 The two-body problem typically refers to the dilemma faced by couples where
both spouses/partners work in academia and aim to obtain jobs within the same
geographic location. A 2008 study46 of dual career US academics show that women
are more likely than men to have academic partners. When offered an academic
position, women in dual career couples give more importance to their partner’s
career options than men do, and perceive greater losses in professional mobility as a
result of their academic partnerships. Men comprises the large majority of first hires
in dual career hires.
n>2 The n-body problem is similar to the two-body problem, albeit further
compounded by the addition of (n-2) children in the family.
Gendered differences
in behavior

E.g. confidence levels (male more assertive and self-promoting, more likely to
negotiate), leadership style (women more nurturing).

10, 48

Willingness
negotiate

Women are typically less willing to negotiate. As a result, women advance more
slowly than men, a phenomenon which also contributes to the underrepresentation of
women in senior positions.

48

to

The vast majority of gender-related issues in STEM fields arise from the fact that many men and women were raised,
educated and became STEM professionals in traditionally male-dominated societies. Male-dominated society culture is
pervasive at all levels of society, and more often than not, not identified as the main reason why females are rarely if ever
represented at the level they should be based on their numbers alone. It is a testimony to the power of male dominated
culture that, although they make up half of the population, women are often treated as a minority on the same basis as
other, real minorities based on ethnicity, sexual orientation or religious beliefs. More information on how maledominated culture affects societies, workplaces, and individuals is provided in Table 1 above.
Among issues affecting women disproportionately when compared to men are those typically bundled under the banner
of “Work/Life” balance issues. But why are these issues described in terms of “Work” vs. “Life” problems and not in
terms of “Work” vs. “Family” or more generally “Work” vs. “Home” issues? Isn’t “Work” an integral part of “Life” for
professionals who both enjoy working and taking time to do other activities than work as well? Why should “Work” be
construed as alienating to “Life”? The “Work/Life” balance terminology is at best puzzling, and at worst ill chosen,
hence the reason why Table 1 above presents these issues in terms of “Work/Home” instead.
At the risk of repeating points made earlier in this section, but in a deliberate attempt to dispel some of the myths that
may still be held as true by many, both males and females, Table 2 below offers a selection of viewpoints commonly
brought up in discussions about gender equality and gender equity issues in STEM fields. These viewpoints are
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categorized as facts and/or fiction based on the gender studies and analysis results presented earlier in this section, and
other references.
Table 2: Commonly held gender equality and gender equity viewpoints, categorized as “fact” or “fiction” based on
corresponding gender studies and analyses.

Fact

Fiction

Viewpoint

Ref.

X

Demographics alone can explain the current gender representation data

25

X

Merit-based hiring/promotion principles alone will ensure balanced gender
representation in the future

25, 45

X

A majority of women applying for senior positions in US universities may still face
open discrimination.

4

X

Unconscious bias is one possible reason for abnormally low female representation in
senior positions

23 (page 3)

X

Both men and women unconsciously discriminate against women

36, 37

X

Sexual harassment cases are rare and always dealt with properly by institutions.

10, 68

X

Men are better at math and science than women

23 (page 2), 39

Men and women approach situations in different ways

48

X

Women self-promote less than men

-

Women negotiate less than men

There is a strong business case for gender equality

40, 49, 50

X

Setting female recruitment and promotion quota would yield lower quality applicants

20

X

Setting female recruitment and promotion quota may hurt women’s careers

20, 51

X

X

-

2.4 Why is this important?
Although the desire to reduce the gender gap may stem directly from individual beliefs in basic Human Rights, this
argument may fail to convince those who are content with the status quo, whether as the result of their conscious or
unconscious biases. But supporting gender diversity is not only the right thing to do; it is also the smart thing to do.
There is indeed such a thing as a business case49, 50 for gender equality in all areas of society, and science is no exception.
The gender economics argument ought to be powerful enough to turn gender-skeptics around and engage them to work
alongside feminists to achieve greater results for all involved, men and women, businesses and individuals, societies and
institutions.
As an example, a 2013 report by the UK Department for Business Innovation and Skills (BIS)50 presents the results of “a
systematic review of the (primarily academic) literature on the evidence for the business case for equality and diversity.”
Noting that “the business case is distinct from the legal and moral case in that it involves factors which can improve the
economic performance and competitiveness of the firm”, the report finds that emphasis on equality and diversity
typically yields the following business advantages: better decision making; higher performance; greater
engagement/retention; attracting the best talent by hiring across all demographics; and better answers customer needs.
These findings not only apply to businesses but also to the pursuit of scientific knowledge, where the “customer” is
society at large. The following key findings from the 2013 BIS report also resonate particularly well with the STEM
community:
•

“To be effective, equality and diversity need to be embedded in the business [resp. in the STEM community]
strategy, not treated as an ad-hoc addition.”
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•

“How diversity is managed is also crucial: if appropriately, it can bring benefits to business [resp. to the STEM
community], if poorly, it can increase costs.”

•

“For commitment to diversity to become ingrained in corporate [resp. STEM] culture there must be visible and
ongoing support from senior management, a clear articulation of the business case for diversity, line manager
accountability, and training programs directed at communications, conflict resolution, and team building.”

These comments echo the feminist belief that STEM institutions and individuals should not “fix the women” so they can
be like men and fit the mold, but instead that they should “fix the system” to make it more accepting of male/female
differences in behavior and other aspects. Gender differences should be cultivated and appreciated in a way that makes
them work to the system’s advantage in order to increase creativity, efficiency, and generally yield greater scientific
productivity while maintaining a balanced STEM workforce happy40, 43, 52.

3. ADAPTIVE OPTICS COMMUNITY GENDER SURVEY
3.1 Survey Setup and Goals
A survey was prepared and released during the weeks prior to this conference in order to gather data on the current
gender demographics in the international Adaptive Optics community. The survey collected gender demographics data
from: (1) institutions and companies involved in the field of Adaptive Optics world-wide (institutional survey); and (2)
from individuals, both staff and students, working at these institutions and companies (individual survey). Official
authorization was sought, and obtained, from the Australian National University Human Ethics Committee to release the
institutional and individual surveys. Both surveys were made available on the SurveyMonkey.com on-line survey
platform for a 2-week period from 27 May 2014 to 10 June 2014.
Survey participants were recruited following two approaches. Firstly, a list of contact email addresses was compiled
based on a list of “AO establishments” available on the web at AdaptiveOptics.org, including about 100 institutions and
companies involved in Adaptive Optics activities worldwide53. Although the list included hyperlinks for most institutions
and companies, it had last been updated in 2010 and therefore needed a few corrections as some companies disappeared,
were absorbed or created since then. The list was corrected and/or completed where necessary based on a thorough web
search, and the investigators’ (partial) knowledge of current AO activities worldwide. Secondly, we also requested
support from the 2014 SPIE conference organizers and obtained for them to forward the survey participation request to
the 2014 SPIE Adaptive Optics conference first author’s list. All participants were recruited by e-mail with a request to
forward the survey participation request to their teams and other AO colleagues.
Institutional Survey
The institutional survey was aimed at institutions and companies involved in Adaptive Optics research and development
or any direct application of Adaptive Optics worldwide. An e-mail was sent to the institution or company contact e-mail
address requesting that, depending on the size of Adaptive Optics activities at that institution or company, the
institutional survey be completed by the Adaptive Optics department head, group manager or team leader with
appropriate support from their Human Resources department.
Participants in the institutional survey were requested to provide the institution name and geographic location as an input
to the institutional survey, but not the names of any individual employees working at that institution. Contact
information for the person who participated in the survey on behalf of their institution or company was also requested as
an option, to make it possible for the investigators to build a more effective database of contact e-mail addresses should
this be required for future surveys on Adaptive Optics institutions and companies.
The institutional survey asked basic questions about the institution or company (e.g. name, country), as well as questions
about the demographics (e.g. gender, year of birth), professional employment (e.g. position type, duration) and education
background of all employees and students working in the field of Adaptive Optics. Taking part in the institutional survey
study was entirely voluntary for institutions and companies.
Individual Survey
All individuals involved with academic or applied research in Adaptive Optics, Adaptive Optics component, system or
product development, and/or uses of Adaptive Optics as a core technique in their activity were welcome, and actively
encouraged, to take part in the individual survey.
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Where Adaptive Optics was not the only field in which individuals, employees or students, work, we recommended that
the following criteria be used to determine whether these persons should be included in the institutional and/or individual
surveys: only individuals with a program/project management or technical activity related to Adaptive Optics who spend
more than a quarter of their time working in the field of Adaptive Optics were requested to participate; individuals who
spend less than a quarter of their time working in the field of Adaptive Optics, or are employed in a purely nonmanagerial or non-technical role in this field (e.g. administration) were preferably to be excluded form the survey
response.
The individual survey asked basic demographic questions as well as questions about individual family situation,
education background, current employment, and career. Participation in the individual survey was entirely voluntary, and
anonymous.
3.2 Survey Results
31 institutions and companies participated in the institutional survey, accounting for a total of 248 employees and
students, 45 of which (18%) are women. Conversely, 184 individuals participated in the individual survey, 50 of which
(27%) are women. Female representation in the individual survey was thus 1.5 times higher than the institutional survey
responses would suggest, a bias that was expected and actually the main reason for holding these two separate surveys.
The number of responses obtained for each survey is summarized in Table 3 below. Generally speaking, individual
participants responded to all the questions listed in the individual survey, whereas the response rate to the institutional
survey questions about institution employees varied between 55% and 92% of all institutional survey participants.
Table 3: Number of survey participants

Survey question

Total participants

Male participants

Female participants

Individual Survey

184

134 (73%)

50 (27%)

248 (31 institutions)

203 (82%)

45 (18%)

Institutional Survey

Although the number of survey respondents may not be large enough to offer definitive conclusions on the situation of
women in Adaptive Optics worldwide, it is good enough to present trends and compare them with that of women in other
STEM fields. In Figures 4, 5 and 6, results are presented in terms of percentages of respondents within each gender
category (e.g. number of female responses over total number of responses from women) in order to identify possible
gender biases independently of the absolute numbers of respondents within each gender.
We present survey results based on the individual survey responses, as those provide statistics for a larger number of
female respondents than the institutional survey. As seen in Table 3, this number is typically 50 for females, 134 for
males (actual numbers of respondents are indicated on the corresponding histogram bins in Figures 4, 5 and 6). This only
amounts to a fraction of the global Adaptive Optics community. It is difficult to say for sure how large the community is,
however, judging by the typical Adaptive Optics conference attendance, and the number of institutes involved in AO, an
educated guess would be between 1000 and 2000 members. With 184 respondents, how significant are the survey
results? In other words, how well can the results be extrapolated to the community at large?
This is a well-known problem whose solution can be found in any basic book on statistics73. There is a “truth”; it is the
survey results we would get if all members of the community had responded. Assuming the N respondents are randomly
drawn (N=50 females or 134 males), the margin of error (at 66% confidence level) in a response bin containing M
respondents is sqrt(M×(N-M)/N). For instance, the number of females who have a PhD in our sample is 36 out of 50
respondents. Thus the margin of error is sqrt(36×(50-36)/50) = 3.2 respondents, and the number of females in the AO
community with a PhD is 72 % +/- 6.4 %. This margin of error is indicated in Figures 4, 5 and 6 as error bars.
Figures 4, 5 and 6 below offer a snapshot of the gender biases, or lack thereof, reflected by individual survey responses
with respect to: education background and Adaptive Optics discipline (Figure 4); employment (Figure 5); and family
situation (Figure 6). Note that plots using the institutional survey data (not reproduced in this paper) show trends similar
to those seen in Figures 4, 5 and 6.
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Education background; and (d) Adaptive Optics discipline.
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(a) Age; (b) Number of children; (c) Primary care/joint care; (d) Time away from work and causes; (e) Number of moves;
and (f) Causes of moves (self/partner).

3.3 Women in Adaptive Optics
The main findings from the Adaptive Optics Gender Survey are summarized in Table 4 below. It is important to
understand that these findings are about trends, not absolutes, and that their validity is only as good as the error bars
indicated on the corresponding figures.
Table 4: AO Gender Survey Findings Summary

#

Detectable
gender
bias?
Yes

1

Finding

Refer
Figure

No
X

The Adaptive Optics workforce includes nearly 3/4 of PhDs and 1/5 to 1/4 of
Masters graduates within each gender category.

4(a)

2

X

Women obtained their highest degree more recently than men: 50% of women (resp.
men) obtained their highest degree after 2007 (resp. 2002).

4(b)

3

X

Women studied physics/astrophysics in greater (relative) proportions than men (72%
vs 66%).

4(c)

4

X

Survey participants typically work in astronomy, however relatively more women
(64%) work in astronomy than men (49%).

4(d)

5

X

Twice as many women are grad students (18%) as men (8%).

5(a)

6

X

There are relatively more women postdocs (25%) than men postdocs (18%).

5(a)

7

X

Women in academia are underrepresented at the Associate Professor level (only 2%
vs 8% for men).

5(a)
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X

Relatively less women (2%) are group managers than men (8%).

5(a)

9

X

There are relatively more women (3/4) than men (~1/2) who do not have supervision
responsibilities. Groups supervised by women are generally smaller than groups
supervised by men.

5(b)

10

X

Men enjoy significantly more stable employment than women (70% of men and
only 46% of women hold permanent positions).

5(c)

~95% of the AO workforce works full-time.

5(d)

11

X

12

X

Women working in AO are on average younger than men working in AO.

6(a)

13

X

Relatively more women (56%) than men (46%) do not have children.

6(b)

~15% of AO colleagues are primary carers (~85% are joint carers).

6(c)

14

X

15

X

Women take 3.5x longer parental leaves than men.

6(d)

16

X

Men tend to be (slightly) geographically more mobile than women

6(e)

17

X

20% (resp. 8%) of women’s (resp. men’s) moves were related primarily to their
spouse/partner

6(f)

Most survey results bring to light some form of gender bias between male and female result distributions within their
own gender, with only three notable exceptions:
(i) Men and women working in Adaptive Optics are equally, highly qualified, with 72-74% of both genders
holding PhD degrees and 20-24% holding Masters degrees (finding #1);
(ii) A vast majority (94 to 96%) of men and women working in Adaptive Optics do so full-time (finding #11); and
(iii) Among men and women working in Adaptive Optics, those who have children are equally likely to be primary
(resp. joint) carers at home (15% and 85% respectively, per finding #14).
In every other area investigated in the Adaptive Optics Gender Survey, results show mild, medium and sometimes strong
differences between responses given by women and those given by men, as shown in Table 4. These differences are
discussed below, and compared to differences that are known to be present in other STEM fields.
As could have been expected based on the more recent arrival of women in all STEM fields, women in Adaptive Optics
are generally younger (finding #12) and have obtained their highest degree relatively more recently (finding #2) than
their male colleagues. Although the following assertion will require closer verification, it is likely that age and year of
degree responses are strongly correlated. A more detailed analysis should make it possible to determine whether there
may or may not be gender biases where year of degree vs age responses are concerned.
As is generally observed in STEM fields, women tend to favor physics (including astrophysics) degrees over engineering
and computer sciences degrees (see Figure 5). Women in Adaptive Optics show the same general preference when
compared to men in Adaptive Optics (finding #3). Similarly, relatively more women (64%) than men (49%) who
responded to the Adaptive Optics Gender Survey work in astronomy rather than other applications (finding #4). Note
that the predominance of astronomical application responses shown in Figure 4(d) for both genders is most likely the
consequence of the survey participant recruitment method, which targeted the SPIE Astronomical Telescopes and
Instrumentation conference authors.
On one hand, there are relatively more women at the graduate student (18%) and postdoc (25%) levels than there are
men (8% and 18% respectively, findings #5 and 6). These results are most likely related to the fact that women working
in Adaptive Optics are generally younger and have received their degrees more recently than men working in Adaptive
Optics (findings #2 and #12 discussed earlier). On another hand, there are relatively less women (2%) working at the
Associate Professor levels than there are men (8%) working at that level (finding #7). At the Full Professor level, there
seems to be the same relative proportion of men and women (6%), although in this case the associated error bars are
probably too large to conclude. In comparison, the gender biases at the graduate, postdoc, and associate levels go in the
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same direction as those observed within US astronomy faculty, according to Table 5 below (i.e. relatively more women
than men at graduate and postdoc levels, relatively less women at associate level). It remains difficult to conclude where
the Assistant Professor and Full Professor levels are concerned, in part because our survey did not include “Adjunct
Professor” as an option, and mainly because the error bars associated with these levels are too large.
Table 5: 2013 US astronomy faculty gender data, derived from Figure 2 data22.

US astronomy
faculty (2013)

Men,
absolute

Men,
relative to
men total

Women,
absolute

Women,
relative to
women total

Gender bias
ratio (% women
over % men)

Total

2269

100%

834

100%

1

Graduate

751

33%

404

48%

1.5

Postdoc

459

20%

186

22%

1.1

Adjunct

46

2%

14

2%

0.8

Assistant

136

6%

57

7%

1.1

Associate

224

10%

59

7%

0.7

Full

548

24%

95

11%

0.5

Administrator

105

5%

19

2%

0.5

Outside of academia, at the more senior levels, there are relatively less women (2%) with group management
responsibilities than men (8%) (finding #8). Conversely, there are many more women (74%) who do not have any
supervision responsibilities than there are men in the same situation (48%), and groups supervised by women are
generally smaller than groups supervised by men (finding #9).
A major difference between men and women working in Adaptive Optics has to do with the type or duration of their
employment contract: while a large majority of men (70%) enjoys permanent (i.e. continuing) contracts, a majority of
women (54%) does not (finding #10). Female employment in Adaptive Optics appears to be substantially more
precarious than male employment, a fact that is also generally observed in other STEM fields54.
The gender biases highlighted in findings #7 through #10 could be symptomatic of some form of gender discrimination
in the Adaptive Optics community, or they could simply be the result of the more recent arrival of women in the
Adaptive Optics workforce (per findings #2 and #12). It could also be a combination of both factors. Unfortunately the
limited extent of the AO Gender Survey does not make it possible to identify the relative weight of each of these factors.
The remaining findings take a look at the family situation of men and women working in Adaptive Optics in order to
determine whether gender factors at the individual level may contribute to gender biases observed at the professional
level.
Among the Adaptive Optics gender survey participants, there were relatively more women (56%) who reported that they
did not have children than men who reported the same thing (46%). This finding (#13) may, or may not be related to the
differences in age and/or year of highest degree between men and women who work in Adaptive Optics. Also it may, or
may not be related to gender differences in personal work/home balance behaviors and choices. More information would
be required to conclude on the reasons behind the gender bias reported in finding #13.
Although men and women working in Adaptive Optics who reported that they have children share similar carer
responsibilities (finding #14), women take 3.5 times longer parental leaves than men typically do. This result is not
entirely surprising, given that most women who have children have had to take some time off to go through pregnancy
and recover from child birth, while obviously men did not. Many parental leave benefits are also biased toward women,
providing them with more time than their partners following the birth of adoption of a child. The fact remains that
women take significantly more time off work than men for parental leave reasons and that this difference is likely to
affect their careers disproportionately with respect to men.
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Finally, it seems that men working in Adaptive Optics are slightly more mobile geographically than women working in
Adaptive Optics (finding #16). A more significant difference lies in the fact that 20% of women’s moves were caused by
their partner’s situation while only 8% of men’s moves were caused by the same reason (finding #17).

4. FEMALE REPRESENTATION AT AO CONFERENCES
Another possible indicator of gender discrimination can be found in female representation at conferences by looking at
the number of women registered as participants and comparing it to the number of women who: chair conferences;
participate in Scientific Organizing Committees (SOC); are invited by the SOC to give oral presentations; and are
selected to give general oral presentations or to present posters.
The SPIE Adaptive Optics conference (this conference) has been taking place on even years since 1992. In 2008 it
became part of the biennial SPIE Astronomical Telescopes and Instrumentation symposium. In 2009 another Adaptive
Optics conference was created to take place on alternate years, with a focus on Adaptive Optics for the Extremely Large
Telescopes (AO4ELT). Figure 7 below provides plots of female representation data available for these conferences
during the period 2004-2014 (SPIE) and 2009-2013 (AO4ELT), with a minor distinction: in these plots, SPIE
“participant” data is drawn from the list of SPIE proceeding paper first authors (as provided by SPIE), whereas AO4ELT
“participant” data is based on the list of actual conference attendees (as published on the AO4ELT conference web sites).
AO4ELT Conferences
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Figure 7: Percentage of women at Adaptive Optics conferences: (a) 2004-2014 SPIE AO conferences; (b) 2009-2013
AO4ELT conferences. Blue diamonds: Scientific Organizing Committee (SOC) members; Red squares: Conference
participants; Green triangles: Invited talks; Purple crosses: All talks; and Turquoise stars: Posters.

Figure 7(a) illustrates how female representation at the SPIE Adaptive Optics conference has changed over the past ten
years. While female participation at the SPIE AO conference has been oscillating between 7% (12 women among 181
participants in 2006) and 14% (33 women among 241 participants, the current, 2014 value), only one woman has cochaired this conference over the past 10 years (in 2008). There was zero woman among the 16 members of the Scientific
Organizing Committee (SOC) in 2004, only one woman among the 18 SOC members in 2006, and the number of women
has been oscillating between 2 over 20 (10%) and 4 over 18 (22%) since then. There were 3 women in this year’s 20member SOC (15%), a number mirroring the female participant rate at the conference.
A similar trend can be seen with respect to women invited to give oral presentations. There seems to have been only one
invited talk in 2004 (given by a man) and none in 2006. After that, two women were invited to give talks among 10
(20%), 9 (22%), and 21 (10%) invited speakers in 2008, 2010 and 2012 respectively. This year (2014) their number grew
significantly to reach 7 women among 28 invited speakers, or 25%, a record to date. Meanwhile, the number of women
giving oral presentations (including invited talks) remained around 7 to 9 (8 to 9% of all oral presentations) during the
period 2004-2010, before it started to grow in 2012, reaching 11% that year (10 out of 92 in 2012) and up to 17% this
year (16 out of 93 in 2014). The number of women presenting posters has been fluctuating between 5% (3 out of 61
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posters in 2006) and 17% (24 out of 144 in 2012). This year (2014) there were 17 women presenting posters out of a
total of 148 posters (11%).
Figure 7(b) provides the female representation data for the AO4ELT1 (2009), AO4ELT2 (2011), and AO4ELT3 (2013)
conferences. Similarly to what had happened ten years ago at the 2004 SPIE conference, there was initially no woman in
the 2009 AO4ELT Scientific Organizing Committee (0 out of 15), and no woman invited to give any oral presentation (0
out of 6). At the following AO4ELT conference in 2011, only one out of the 22 members of the AO4ELT2 SOC was a
woman, but there was no woman among the 12 invited speakers that year. The last edition of the AO4ELT conference in
2013 saw little progress with one woman member of the AO4ELT3 SOC (1 out of 23, or 4%) and the first but still only
woman invited to give an oral presentation (1 out of 18, or 6%). These numbers do not agree well with the numbers of
female participants at the AO4ELT conferences which at 16% (29/186 in 2009), 13% (24/179 in 2011) and 14% (32/237
in 2013) are very similar to that of the more recent SPIE AO conferences. The number of oral presentations given by
women however is closer to that number (11%, 13% and 12% in 2009, 2011, and 2013 respectively), and the number of
posters (23%, 17%, and 22% respectively) is significantly higher.
Clearly, more needs to be done in order to increase participation of women in Adaptive Optics conferences at all levels,
up to and if possible beyond the current ~15% level of women participants registered at these conferences.

5. BRINGING ABOUT POSITIVE CHANGE
While quantifying the gender gap is a necessary first step to highlight gender equality and equity issues, understanding
their underlying causes is the second, and arguably the most important step that institutions and individuals alike must
take before it may be possible to level the playing field for women working in STEM fields. This section addresses the
third step in this process. It draws from the experience accumulated in other STEM fields and in Astronomy in particular
to make recommendations about what the Adaptive Optics community could do immediately and in the longer term in
order to increase the number of women working in AO, and retain their expertise.
5.1 What The Astronomy Community Is Doing
Women in Astronomy Workshop

We Are All Made of Stars:
Establishing Equity and Diversity within
Australian Astronomy
28 -29 August 2014
University House, Australian National University, Canberra
All are welcome, regardless of gender, background or seniority

Workshop Goals:
Understand why diversity matters and requires your and everybody else's support;
Recognise unconscious biases, confront bullying, sexual harassment, and other discriminations;
Experience tricky situations and challenge your mind;
Engage with the community, become a champion of diversity, and bring about positive change:

For more information:
http: / /www.mso.anu.edu.au /wia- workshop -2014
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The US astronomy community has been pro-active for over four
decades investigating, documenting, monitoring, and explicitly
targeting the gender gap within their constituency. The
American Astronomical Society (AAS) Committee on the Status
of Women in Astronomy (CSWA) was formally established in
1979. Action of the CSWA is governed by the principles laid out
in the Baltimore Charter71 (1992) and guided by the Pasadena
Recommendations72 (2003). These recommendations include
detailed information on the best approach to address gender
inequities in the following areas: A-Tenure-track hiring; BCareer advancement and recognition; C-Institutional Policies; DVaried career paths; E-Cultural issues; and F-Statistical
information. A strategic plan was prepared in 2009 that shapes
the type of activities that have been undertaken by the CSWA in
more recent years, such as sponsoring special sessions at the
annual AAS meetings (e.g. Family Leave Policies and Childcare
for Graduate Students and Postdocs, 2013; Addressing Sexual
Violence on College Campuses, 2014), and organizing
demographic census (2013) and other surveys (Two-Body
Careers, 2014) within the US astronomy community.
Throughout, the CSWA has continued to gather8 and publish11
information on gender equity issues, and to give a voice to all
who wish to take part in the on-going conversation9, 10, 12, 13
within the astronomy community and beyond.

Figure 8: Poster announcement for the 2014
Women in Astronomy workshop17.
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In 2009 the Australian astronomical community represented by the Astronomical Society of Australia (ASA) created its
own Women in Astronomy (WiA)14 chapter. The overall statistics on the status of women in Australian astronomy are
collated via the decadal review process of the Australian Academy of Science National Committee for Astronomy. A
comprehensive demographics survey of the Australian astronomy community was last conducted this year in preparation
for the 2016-2025 decadal plan, and is about to be presented at the ASA 2014 annual meeting in July. The ASA WiA
chapter complements this data with gender representation of ASA membership, ASA prizes, ASA conference
participation (including SOC, LOC, invited presentations, other oral presentations and posters), and ASA student
prizes15. In addition to WiA chapter meetings organized concurrently with the ASA annual meetings, the WiA chapter
has also organized comprehensive workshops16 in 2011, 2012, and 2013 aiming to support women in the Australian
astronomy community. This year the WiA workshop organizers will further broaden the scope of the 2014 workshop17 to
include other diversity areas such as LGBTIQ and cultural background (Figure 8).
At the institutional level, astronomy departments are encouraged to set up their own, local committees, including but not
necessarily limited to gender equity. Setting up a local equity committee is a necessary first step towards identifying and
addressing underlying gender and other types of inequalities in one’s department; doing so also sends the important
message that the department has purposefully embarked on a course towards a fairer, more inclusive workplace. Support
from the department head is critical in order to empower the committee to make recommendations and implement them;
support and participation of all individuals working in the department is also required in order to effect change.
Where an equity committee already exists at the institutional level, local initiatives taken at the department level can
complement, and often go beyond, those driven at the institutional level. As an example, the Research School of
Astronomy and Astrophysics (RSAA) of the Australian National University (ANU) has recently created its own Access
and Equity Committee (RAEC) to work at the local, astronomy department level, alongside the pre-existing University
Access and Equity Committee. One year after its creation, the school committee provided the RSAA director with its
first set of recommendations18, all of which were swiftly endorsed by the director, to be implemented immediately or
within the coming year.
As shown in sections 3 and 4, the Adaptive Optics community is not immune to the gender equity issues that are
typically present in STEM fields and were discussed in section 2. Building on lessons learned from the STEM fields and
from the astronomy community in particular, we present below a number of recommendations that the Adaptive Optics
community should consider, discuss, and hopefully implement, in order to address existing gender inequalities and effect
positive change for all women working in this field.
5.2 What The Adaptive Optics Community Can Do Immediately
Conference Organization
-

Monitor and publish gender demographics at all Adaptive Optics conferences;

-

Increase female representation in Scientific Organizing Committees (SOC), invited talks, and other oral
presentations, at the very least to match the current level of female participation at Adaptive Optics conferences,
and if possible beyond (doing so will increase the number of female role models that younger women in
Adaptive Optics can relate to, and encourage them to remain in this field);

-

Create a list of women working in Adaptive Optics to make it easier for AO conference/workshop organizers to
invite them to become part of a SOC, or to give oral presentations (see for instance 55, 56, 57); and

-

Provide child care services or child care financial support for primary carers of both genders to increase their
likelihood to attend conferences.

Within AO Institutions/Companies
-

Monitor and publish gender demographics within the institution/company and in particular in Adaptive Optics
groups/departments;

-

Create a Gender Access and Equity Committee (and other inclusion and diversity committees as appropriate) at
the institution, department, group, or other appropriate level;

-

Adopt cost-free best practices18, including but not limited to: family friendly meeting hours; flexible work
policies; etc.
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5.3 What The Adaptive Optics Community Should Do In the Long-Term
Conference Organization
-

Repeat and refine gender survey prior to each future SPIE conference, including survey participation request as
part of the normal conference organization process so as to increase survey participation response rate;

-

Include dedicated gender equity (and other diversity-themed) sessions in technical conferences (for SPIE
conferences this could either be at the Adaptive Optics conference level or at the Astronomical Telescopes and
Instrumentation symposium level);

-

Discuss the pros/cons and plan a trial of author-blind review58 of abstracts (i.e. names of authors and co-authors
removed from abstract); doing so will not prevent reviewers from identifying teams because Adaptive Optics is
a relatively small field where conference organizers know most of their peers, but it will at least prevent them
from identifying which member of the team is submitting the abstract. Author-blind reviews would effectively
prevent implicit gender bias and other types of bias; this would for instance also ensure that paper abstracts are
not accepted based on their author’s fame alone; and

-

Advertise current procedure and review (where necessary) criteria used to select conference chairs and SOC
membership, so as to ensure greater diversity in gender, seniority, geographic location, etc.

Within AO Institutions/Companies
-

Perform a climate survey modeled for instance on the “CSWA climate site visit for astronomy departments”8

-

Review existing policies, identify missing family-friendly and other gender equity-related policies, as well as
policies that need updating;

-

Based on areas of highest priority identified with the climate survey responses, adopt some or all of the
recommendations put forward by the astronomy and broader STEM community. Given how few women
currently work in Adaptive Optics, priority areas should likely include:

-

o

Best practices, e.g. fair and inclusive work climate; effective procedures to address harassment and
bullying that both support the victim and penalize the perpetrator; etc.

o

Family-friendly workplace policies, e.g. work schedule flexibility (flex time, partial time, work from
home); parental leave (generous parental leave benefits both men and women, and encourages their
return to work); dual career/dual hire (provides win/win solutions to the two-body problem for dual
career couples and improves employee retention); “save-that-spot” policy (whereby a position on a
panel or committee is reserved for one year if an employee cannot attend due to family commitments);
etc.

o

Family-friendly workplace infrastructure, e.g. family room, parenting room, lactation room; local
access to child care services; etc.

o

Promotion criteria and practices, e.g. gender representation on selection committee; proper diversity
training of all committee members; active scouting of women (and other minority) candidates; shortlist gender quotas; etc.

o

Recruitment criteria and practices (same as for promotions), as well as related policies, e.g. dual
career/dual hire policies; advertise the possibility to apply for all new positions either full-time or
partial-time;

o

Mentoring program59, 60, 61;

o

Staff training e.g. diversity training for all staff; effective supervision for supervisors; effective
communications; conflict resolution; team building; etc.

Develop, implement and advertise family- and women-friendly funding support opportunities, e.g. distinguished
women visitor program; return to work awards (following parental leave or other long leave of absence); child
care support (regular and/or emergency support); conference travel support (to enable primary carers to bear
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extra child care and/or other costs when traveling to national/international meetings and conferences); visitor
travel support (to bring collaborator(s) to one’s institution when employee/student travel is not an option); etc18;
-

Increase the number of women in leadership positions through affirmative action; e.g. leadership training for
women; promotion preparation sessions for women; etc. Depending on institutional context (government laws,
size of department, etc.), this may, or may not, include the use of “women only” positions and/or quotas51;

-

Identify and officially appoint Male Champions of Change62, 63 among senior staff and upper management team;

-

Involve students and junior staff, as their generation has the best chance to bring about change18; and

-

Apply for gender equity recognition awards such as the UK Athena-SWAN bronze/silver/gold awards74 or other
national equivalent.

“Women only” recruitment or promotion policies and other measures based on quotas are possibly the most controversial
of all measures that the Adaptive Optics community could consider to raise the number of women in the field. One may
argue that extreme situations call for extreme measures, but individuals may not agree on how “extreme” the situation
actually is. This is a debate best had at the department or group level, on a case-by-case basis, as there is no one-size-fitsall approach where “extreme” positive discrimination measures are concerned. Women in particular may resent, and
sometimes refuse to participate in, “women only” recruitment or promotion rounds, for fear that their skills and expertise
might be forever questioned by their colleagues, and by themselves, should they be recruited or promoted that way. In
order to prevent negative outcomes, whenever possible, institutions/companies should consider offering “women only”
positions based on stringent selection criteria related to excellence, but rather broad selection criteria related to the field
of expertise, so that only the most qualified women may apply who are recognized as leaders in their field.
In the end, the “Science for all” Special Editorial published by Nature20 in March 2013 presents a tongue-in-cheek but
rather compelling argument against quota opponents, albeit with a caveat:
“Some argue that setting a quota for women in leading academic positions such as professorships will result in
mediocre female candidates being promoted. But there is a gap in reasoning here. Women and men are equally
talented, so if men occupy a large majority of high-level posts, there must be an awful lot of mediocrity among
their number. Is mediocrity more acceptable in men? Quotas on decision-making committees, however, do
come with the inbuilt problem of overburdening the few women who already hold top positions. The solution
here would be to keep the quota realistically low for now.”
Note that other, drastic approaches are being considered at various levels in order to promote gender equality in STEM
fields, including by funding agencies. In the UK for instance, medical research funding is tied to demonstrated
commitment to gender equality and diversity through the Athena-SWAN74 charter award program. A similar program is
currently being discussed by the Australian Academy of Science, which may be implemented on a large, national scale in
the not-too-distant future. Other programs will likely make the connection between diversity targets, actual
achievements, and funding resources. At that time, the Adaptive Optics community early commitment to progressing
gender equality in their field may actually make a difference on many levels, not only in terms of human rights and
scientific productivity, but also in term of funding resources.

6. CONCLUSION
This paper was meant as a loose review and tentative synthesis of the large body of knowledge that is available on the
topic of gender equality and gender equity in STEM fields, and how this knowledge applies to the Adaptive Optics
community. One purpose was to dispel a few myths and convince those who might still doubt it that gender equality and
gender equity issues in science and engineering are real. Another was to provide some context for the results of the
Adaptive Optics Gender Survey presented herein. The survey results and the analysis of Adaptive Optics conference data
both show that female participation in Adaptive Optics is currently on the order of ~15%, and that many gender biases
remain in this as in other STEM fields.
Opinions may differ on what to do about this issue, but it is important to understand that any measures made to increase
the participation of women in STEM fields in general, and in Adaptive Optics in particular, will benefit everyone,
including of course women, but also men, and other minorities. There is such a thing as a business case for gender
equality, and its tenet basically says that increasing the participation of women at all levels, in all STEM fields, will
strongly benefit the pursuit of science itself, and ultimately, society at large.
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GLOSSARY
Table 6. Gender studies glossary.

Term
Affirmative
Action
Feminism
Gender
Gender
Analysis
Gender Bias
Gender
Contract

Gender
Equality
Gender Equity
Gender Gap
Gender Roles
Glass Ceiling
Impostor
Syndrome
Leaky Pipeline
Male Privilege

Definition
Measures targeted at a particular group and intended to eliminate and prevent
discrimination or to offset disadvantages arising from existing attitudes, behaviors and
structures (sometimes referred to as positive discrimination).
Feminism is a sociological and political term referring to the view that women are
disadvantaged in various ways and that action must be taken to address this disadvantage.
A concept that refers to the social differences between women and men that have been
learned, are changeable over time and have wide variations both within and between
cultures.
The study of differences in the conditions, needs, participation rates, access to resources
and development, control of assets, decision making powers, etc. between women and men
and their assigned gender roles.
Gender bias is a preference or prejudice toward one gender over the other. Bias can be
conscious or unconscious, and may manifest in many ways, both subtle and obvious.
A set of implicit and explicit rules governing gender relations which allocate different work
and value, responsibilities and obligations to men and women and is maintained on three
levels – cultural superstructure – the norms and values of society; institutions – family
welfare, education and employment systems, etc.; and socialization processes, notably in
the family.
The concept meaning that all human beings are free to develop their personal abilities and
make choices without the limitations set by strict gender roles; that the different behavior,
aspirations and needs of women and men are considered, valued and favored equally.
Fairness in women’s and men’s access to socio-economic resources. Example: access to
education, depending on whether the child is a boy or a girl. A condition in which women
and men participate as equals and have equal access to socio-economic resources.
The gap in any area between women and men in terms of their levels of participation,
access, rights, remuneration or benefits.
A set of prescriptions for action and behavior allocated to women and men respectively,
and inculcated and maintained as described under ‘Gender Contract’.
The invisible barrier arising from a complex set of structures in male dominated
organizations which prevents women from accessing senior positions. Concept most likely
coined by “Family Circle” editor G. Bryant in 1984 Adweek interview.
Collection of feelings of inadequacy that persist even in face of information that indicates
that the opposite is true. It is experienced internally as chronic self-doubt, and feelings of
intellectual fraudulence.

Ref.

Concept used to refer to the steady attrition of girls and women throughout the formal
STEM system, at all levels of education and STEM careers.
Concept resulting from gender hierarchy, offering men the following privileges:

25, 65
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26

28

26

26

64

26

26

26

26

26

26, 41

44

34

membership in the norm, the ability to choose whether to object to the power system, and
the invisibility of its benefit.
Meritocracy
Mini-Me
Syndrome
N-Body
Problem (n>2)
One-Body
Problem
Positive
Discrimination
Queen Bee
Syndrome

Sex
Sex
Discrimination
– Direct
Sex
Discrimination
– Indirect
Sexual
Harassment
Stereotype
Stereotype
Threat
Two-Body
Problem

Work/Home
Balance

A system in which advancement is based on individual ability or achievement.
Through unconscious bias, men hire and promote talent in their own image.

66

Similar to the two-body problem (see definition further below), but also including (n-2)
children, making the problem even more complicated to solve. In this case, geographic
relocations to accommodate new job positions not only affect the spouse/partner but also
the children in the family.
Term coined in contrast to the two-body problem term, to highlight the difficulties inherent
to single women working in academia who are struggling with the desire to find a partner
and start a family while their career requires frequent geographic moves, a fact that often
prevents long-term relationships to develop.
See affirmative action.

10

Term coined in 1974 by psychologists Staines et al. to describe a successful woman in a
male-dominated field who “feels little animosity toward the system that has permitted her
to reach the top” and “identifies with the specific male colleagues who are her reference
group, rather than with the diffuse concept of women as a class.” As a result, Queen Bees
work to protect their own personal status and are typically not necessarily supportive of
other women’s aspirations to leadership positions.
The biological characteristics which distinguish human beings as female or male.
Where a person is treated less favourably because of his or her sex.

42

Where a law, regulation, policy or practice, apparently neutral, has a disproportionate
adverse impact on the members of one sex, unless the difference of treatment can be
justified by objective factors.
Unwanted conduct of a sexual nature or other conduct based on sex affecting the dignity of
women and men at work including conduct of superiors and colleagues.
A fixed idea that people have about what someone or something is like, especially an idea
that is wrong.
Term coined in 1999 by Spencer et al [Spencer]. Describes anxiety & impaired
performance that occurs when a person has the potential to confirm a negative stereotype
about their social group.
The two-body problem is a concept describing the dilemma faced by couples where both
spouses/partners work in academia and aim to obtain jobs within the same geographic
location. The two-body problem often results in a no-win situation in which, if the couple
wishes to stay together, one spouse/partner may be forced to abandon an academic career,
or if both wish to pursue academic careers the relationship may falter due to the spouses
being constantly separated.

26

40

46

26
26

26

26

39

47

A.k.a. Work/Family and Wok/Life balance.

REFERENCES
[1] Kamdin, K., “Where are all the Women?,” Women in Astronomy blog post, 10 February 2014,
<http://womeninastronomy.blogspot.com.au/2014/02/where-are-all-women.html>
[2] US National Research Council Committee on Women in Science, Engineering, and Medicine (CWSEM):
<http://sites.nationalacademies.org/PGA/cwsem/PGA_045036.htm>
[3] US
National
Research
Council
CWSEM
data
is
available
at:
<http://sites.nationalacademies.org/PGA/cwsem/PGA_049131>

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 07/31/2014 Terms of Use: http://spiedl.org/terms

[4] US National Research Council, “Gender Differences at Critical Transitions in the Careers of Science,
Engineering, and Mathematics Faculty,” Washington, DC, The National Academies Press (2010),
<http://www.nap.edu/catalog.php?record_id=12062>
[5] The Society of Women in the Physical Sciences: <http://swps.berkeley.edu>
[6] The Society of Women Engineers: <http://societyofwomenengineers.swe.org>
[7] The Australian National University Gender Institute: <http://genderinstitute.anu.edu.au>
[8] The American Astronomical Society (AAS) Committee on the Status of Women in Astronomy (CSWA):
<http://www.aas.org/cswa/>
[9] AAS CSWA Newsletter: http://www.aas.org/cswa/AASWOMEN.html
[10] AAS CSWA Women in Astronomy blog: <http://womeninastronomy.blogspot.com.au>
[11] AAS CSWA “Status” publication: <http://www.aas.org/cswa/STATUS.html>
[12] AAS CSWA Facebook page: <http://www.facebook.com/pages/Committee-on-the-Status-of-Women-inAstronomy/43977374494>
[13] AAS CSWA Twitter account: <https://twitter.com/@AAS_Women>
[14] Women in Astronomy (WiA) chapter of the Astronomical Society of Australia (ASA):
<http://asawomeninastronomy.org>
[15] ASA WiA gender data is available at: <http://asawomeninastronomy.org/statistics>
[16] ASA WiA meetings and workshop information is available at: <http://asawomeninastronomy.org/meetings/>
[17] ASA WiA 2014 workshop] ASA WiA 2014 workshop: <http://www.mso.anu.edu.au/wia-workshop-2014/>
[18] ANU RSAA Access and Equity Committee, “Gender Access and Equity at the ANU Research School of
Astronomy
and
Astrophysics:
Review,
Recommendations,
and
Implementation,”
(2014),
<http://www.mso.anu.edu.au/external/raec/GenderAccessAndEquityANURsaa_March2014.pdf>
[19] “Women, Minorities, and Persons with Disabilities in Science and Engineering,” NSF 13-304, February 2013,
<http://www.nsf.gov/statistics/wmpd/2013/digest/>
[20] “Women in Science,” Nature Specials, Nature 495, 5 (07 March 2013), doi:10.1038/495005a,
<http://www.nature.com/news/specials/women/index.html#editorial>
[21] Shen, H., “Inequality quantified: Mind the gender gap,” Nature 495, 22–24 (07 March 2013)
doi:10.1038/495022a, <http://www.nature.com/news/inequality-quantified-mind-the-gender-gap-1.12550>
[22] Hughes, M., “CWSA Town Hall: Portrait of a Generation of Women in Astronomy,” October 2013, 223rd AAS
meeting, Washington, DC, <http://www.aas.org/cswa/Jan14/CSWAtownhall.pdf>
[23] US Institute of Medicine, National Academy of Sciences, and National Academy of Engineering, [Beyond Bias
and Barriers: Fulfilling the Potential of Women in Academic Science and Engineering], The National
Academies Press, Washington, DC, (2007), <http://www.nap.edu/catalog.php?record_id=11741#toc>
[24] Kamdin, K., “Mind the Gap: A Statistical Approach to Understanding Gender Inequality in the Physical
Sciences,” West Coast Conference for Undergraduate Women in Physics, 18 January 2014,
<http://cuwip.physics.berkeley.edu/img/talks/kamdin.pdf>
[25] Shaw, A. K., Stanton, D. E., “Leaks in the pipeline: separating demographic inertia from ongoing gender
differences in academia,” Proc. R. Soc. B (2012) 279, 3736–3741, doi:10.1098/rspb.2012.0822, paper:
<http://rspb.royalsocietypublishing.org/content/279/1743/3736.full.pdf+html>,
presentation:
<http://genderinstitute.anu.edu.au/sites/default/files/_media2014/Leaks_in_the_pipeline_WiA_20131104medium.mp4>
[26] [Toolkit on mainstreaming gender equality in EC development cooperation, Section 3: Glossary of gender and
development terms]: <http://ec.europa.eu/europeaid/sp/gender-toolkit/en/pdf/section3.pdf>
[27] Mediterranean Institute of Gender Studies glossary of gender-related terms, compiled by Christodoulou, J.,
(2005),
updated
by
Zobnina,
A.,,
(2009),
<http://www.peacewomen.org/assets/file/AdvocacyEducationTools/genderglossary_migs_aug2005.pdf>
[28] Harvey,
L.,
“Social
Research
Glossary,”
Quality
Research
International
(2012-2014),
<http://www.qualityresearchinternational.com/socialresearch/feminism.htm>
[29] “Women in Government”, Wikipedia, <http://en.wikipedia.org/wiki/Women_in_government>
[30] Smith, N., “A History of the Roles of Women in Newspapers: Media, Gender, and Journalism,” ArticleMyriad,
7 Dec. 2011, <http://www.articlemyriad.com/history-roles-women-newspapers/>
[31] Ware, S., “American Women: A Library of Congress Guide for the Study of Women's History and Culture in
the United States,” Library of Congress (2001)

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 07/31/2014 Terms of Use: http://spiedl.org/terms

[32] “American Women - A Gateway to Library of Congress Resources for the study of Women’s History and
Culture
in
the
United
States,”
American
Memory,
The
Library
of
Congress,
<http://memory.loc.gov/ammem/awhhtml/awintro/awintro.html>
[33] Barnett, R. C., Sabattini, L., “A Short History of Women in Science: From Stone Walls to Invisible Walls,”
chapter of the American Enterprise Institute, <http://www.brandeis.edu/barnett/docs/7654.PDF>
[34] Deutsch, B., “The Male Privilege Checklist. An Unabashed Imitation of an Article by Peggy McIntosh”,
Expository
Magazine,
Volume
2,
Issue
2
(2001-2002),
<http://ae.gov.sk.ca/evergreen/socialsciences/appendixc/portion02.shtml>
[35] “Seventh
graders
describe
scientists
before
and
after
a
visit
to
Fermilab,”
<http://ed.fnal.gov/projects/scientists/index.html>
[36] Project Implicit: <https://implicit.harvard.edu/implicit/>
[37] Implicit Association Test: http://www.understandingprejudice.org/iat/
[38] Moss-Racusin, C. A., Dovidio, J. F., Brescoll, V. L., Garham, M. J., Handelsman, J., “Science faculty’s subtle
gender biases favor male students”, Proc. National Academy of Sciences of the United States of America, Vol.
109
No.41,
16474–16479,
doi:
10.1073/pnas.1211286109
(2012),
<http://www.pnas.org/content/109/41/16474.full>
[39] Spencer, S. J., Steele, C. M., Quinn, D. M., “Stereotype Threat and Women’s Math Performance,” Journal of
Experimental
Social
Psychology
35,
4–28
(1999),
<http://www.physics.berkeley.edu/swps/SWPS101_2013/refSpencerSteeleQuinn_StereotypeThreat.pdf>
[40] Institute of Executive Coaching and Leadership , “Fix the System, Not the Women”, IECL blog post, 6 April
2011, <http://www.iecl.com/_blog/IECL_blog/post/Fix_the_System,_Not_the_Women/>
[41] Churchman, P., “The Glass Ceiling: Who Said That?,” The Glasshammer, 9 April 2009,
<http://www.theglasshammer.com/news/2009/04/09/the-glass-ceiling-who-said-that/>
[42] Staines, G., Tavris, C., Jayaratne, T. E, “The Queen Bee Syndrome,” Psychology Today, January 1974, p. 57.
[43] Hafkin, N., Huyer, S., “Fix the woman, not the system?,” Women in Global Science and Technology (WISAT)
blog post, 27 February 2013, <http://www.wisat.org/opinions/fix-woman-system/>
[44] “The
impostor
syndrome,”,
Caltech
Counseling
Center
<https://counseling.caltech.edu/general/InfoandResources/Impostor>
[45] Jenkins, F., “Why meritocracy fails women,” ABC radio national Big Ideas broadcast, 2 October 2013,
<http://www.abc.net.au/radionational/programs/bigideas/why-meritocracy-fails-women/4962490>
[46] “Tenure, She wrote” guest post, 8 May 2014, <http://tenureshewrote.wordpress.com/2014/05/08/one-bodyproblem/>
[47] Schiebinger, L., Davies Henderson, A., Gilmartin, S. K., “Dual-Career Academic Couples: What Universities
Need to Know,” Michelle R. Clayman Institute for Gender Research, Stanford University (2008),
<http://gender.stanford.edu/dual-career-research-report>
[48] Greig F., “Propensity to Negotiate and Career Advancement: Evidence from an Investment Bank that Women
are on a “Slow Elevator”,” Negotiation Journal, Vol. 24, Iss. 4, pp. 495-508 (2008)
[49] Slater, S. F., Weigand, R. A., Zwirlein, T., J., “The business case for commitment to diversity,” Business
Horizons, Vol. 51, Iss. 3, pp. 201-209 (2008)
[50] UK Department for Business Innovation and Skills, “The business case for equality and diversity: A survey of
the
academic
literature,”
BIS
Occasional
Paper
No.4,
January
2013,
<https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/49638/the_business_case_for_e
quality_and_diversity.pdf>
[51] Vernos, I., “Research management: quotas are questionable,” Nature 495, 39, 07 March 2013,
doi:10.1038/495039a
[52] Clayton, J., “Fix the System, not the Women,” Career Advice, 21 January 2011, Science Careers,
<http://sciencecareers.sciencemag.org/career_magazine/previous_issues/articles/2011_01_21/science.opms.r11
00099>
[53] List of institutions and companies involved in Adaptive Optics worldwide (2010):
<http://www.adaptiveoptics.org/Establishments.html>
[54] UK House of Commons Science and Technology Committee, “Universities should do more to keep women in
science,” 6 February 2014, <http://www.parliament.uk/business/committees/committees-a-z/commonsselect/science-and-technology-committee/news/140206-stem-report/>

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 07/31/2014 Terms of Use: http://spiedl.org/terms

[55] The Victorian Women’s Trust “Here She Is” directory of successful and capable women in Australia:
<http://heresheis.org.au>
[56] AcademiaNet Profiles of Leading Women Scientists: http://www.academia-net.org
[57] American
Physical
Society
Women
in
Physics
Speakers
List:
<http://www.aps.org/programs/women/speakers/index.cfm>
[58] Budden, A. E., Tregenza, T., Aarssen, L. W., Koricheva, J., Leimu, R., Lortie, C. J., “Double-blind review
favours increased representation of female authors,” Trends Ecol. Evol. (2008)
[59] Stalker, J., “Athene in academe – women mentoring women in the academy,” International Journal of Lifelong
Education, v13 n5 p361-72 (1994)
[60] Jaschik, S., “Proof that mentoring matters”, Inside Higher Ed blog post, 4 January 2010,
<http://www.insidehighered.com/news/2010/01/04/mentor - sthash.vMxkIN8T.dpbs>
[61] Blau, F. D., Curie, J. M., Croson, R. T. A., Ginther, D. K., “Can Mentoring Help Female Assistant Professors?
Interim Results from a Randomized Trial,” The American Economic Review 100 (2): 348–352.
doi:10.1257/aer.100.2.348 (2010)
[62] Australian Human Right Commission, Sex Discrimination Commissioner Male Champions of Change Program:
<https://www.humanrights.gov.au/male-champions-change>
[63] Male Champions of Change 2013, “Accelerating the advancement of women in leadership: Listening, Learning,
Leading,”
(2013)
<https://www.humanrights.gov.au/sites/default/files/document/publication/2013_AHRC_MCC_accelerating_ad
vancement_women.pdf>
[64] Gender bias definition by wiseGEEK: http://www.wisegeek.org/what-is-gender-bias.htm#didyouknowout
[65] Huyer, S., “The leaky pipeline: gender barriers in science, engineering and technology,” 5 February 2002, The
World Bank <http://go.worldbank.org/H88FNC5MN0>
[66] Meritocracy definition by The Free Dictionary: <http://www.thefreedictionary.com/meritocracy>
[67] Rojas, F., “Is academic meritocratic?,” orgtheory.net blog post, 13 February 2012,
<http://orgtheory.wordpress.com/2012/02/13/is-academia-meritocratic/>
[68] “Top Issues and Solutions for Women Faculty in Science and Engineering,” Clayman Institute for Gender
Research, Stanford University, April 2006, <http://gender.stanford.edu/sites/default/files/TitleIXTopIssues.pdf>
[69] Broderick, E., “Workplace discrimination begins at pregnancy”, The Sydney Morning Herald, 7 April 2014,
<http://www.smh.com.au/comment/workplace-discrimination-begins-at-pregnancy-20140407-zqrpl.html>
[70] Mason, M. A., “Title IX and Babies: The New Frontier?,” The Chronicle of Higher Education, 29 November
2012, <http://chronicle.com/article/Title-IXBabies-The-New/135936/>
[71] Committee on the Status of Women in Astronomy Baltimore Charter: <http://www.aas.org/cswa/bc.html>
[72] Committee
on
the
Status
of
Women
in
Astronomy
Pasadena
Recommendations:
<http://www.aas.org/cswa/pasadenarecs.html>
[73] Wonnacott, T.H. and Wonnacott, R.J., [Introductory Statistics, 5th ed.], Wiley (1990)
[74] UK Equality Challenge Unit, Athena-SWAN program: <http://www.ecu.ac.uk/equality-charter-marks/athenaswan/>

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 07/31/2014 Terms of Use: http://spiedl.org/terms

