FEATURE

(Gender imbalance in US
geoscience academia

Geoscientists explain women’s under-representation in our field along three dominant themes:
the structure of academia, historically low numbers of women, and women'’s views and choices.
Which factor they perceive as most important depends overwhelmingly on their gender.

Diversity enhances problem solving,
increases creativity and raises the level

of critical analysis in work groups2 In a
research environment, enhanced creativity
should therefore produce better science.
Unfortunately, the geosciences lag behind
all other science, technology, engineering
and mathematics fields (STEM) in terms
of racial and ethnic diversity>**. With
respect to gender equity, we fare better than
physics and engineering, but trail behind
chemistry and the biological sciences®”*.
About half of the undergraduate students
in the geosciences are women, but as
seniority increases, there is a precipitous
decline in the proportion of women in
geoscience academia. We are convinced
that it is essential to attract more of this
population into the field if the geosciences
are to take advantage of the best minds.
But how do other geoscientists perceive
women’s representation in their field? Do
they see a problem, and if so, what do they
see as the root causes? We have investigated
geoscientists’ perceptions using focus
groups to address these questions.

WOMEN IN THE GEOSCIENCES

To begin with, we investigated the
proportions of female geoscientists in

US academia. Women earned 42% of the
Bachelor’s, 45% of the Masters and 34%

of the PhD degrees in the geosciences in
2004 (Fig. 1; ref. 8). The same proportion
(15%) of male and female undergraduate
degree recipients in the year 1997 received
a PhD in 2004 (estimated time to PhD?).
So, although fewer women receive graduate
geoscience degrees than men, it seems they
are retained through PhD programs, unlike
in other STEM fields'*5.

Moving up the academic ladder, the
proportion of women geoscientists in
entry-level positions for academia in
the US is significantly lower than the
supply receiving the PhD, and decreases
more as the terminal degree offered is
more advanced (Tables 1 and 2). But we
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Figure 1 Proportions of women in each academic rank in US geoscience academia''. Women receive less than
half of the undergraduate (BA/BS: Bachelor of Arts or Bachelor of Science) and first post-baccalaureate degrees,
MS (Master of Science). The apparent loss of women between the MS and PhD (Doctorate of Philosophy) degree
reflects a time lag (that is, 10 years ago, women received one third of MS degrees), but the loss of women
between PhD and assistant professor (entry-level academic position in the US) is real.

found that after that crucial step to first
position, men and women are promoted
(and tenured) from assistant to associate
professor at PhD-granting institutions at
comparable rates, although the numbers
of women are very low. We followed

a cohort of 80 men and 23 women

who received PhD degrees between
1993 and 1996 and were listed in the
1996-1997 American Geological Institute’s
Directory of Geoscience Departments as
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“Assistant Professor”. After four years,

in 2001, just under half of either gender
were listed as “Associate Professor’,
whereas about a third were still listed as
“Assistant Professor”. The remaining 25%
were missing from both the directory

and departmental websites, indicating a
voluntary departure from US academia or a
failed tenure bid. The next step in the US is
promotion to full professor. Only 8% of this
top rank are women.
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Table 1 Percentage of women at varying degree-granting institutions.

2004-2005 2001-2002 20002001 1996-1997
Bachelor’s-granting 18 17" 16 11
Master’s-granting 17 14 15 12¢
PhD-granting 13* 12 12 9*
Total 14 13 13 10*
Table 2 Percentage of women by rank at PhD-granting institutions.

2004-2005 2001-2002 20002001 1996-1997
Assistant professor 26* 23 21 20*
Associate professor 14 14 15 14
Full professor 8* 8 8 5*
Chair, Head 10* 8 6 4*

*Statistically significant difference by 2; p=0.05

The retention of women through
graduate school and comparable rates of
promotion once on the tenure track suggests
that most of the exodus of women from
geoscience academia occurs at two critical
junctures: during recruitment into the
major (women earned 58% of all science
degrees but only 42% of geoscience degrees
in 2004'°), and between the PhD and first
academic position.

PERCEPTIONS OF GENDER BALANCE

We asked focus groups of academic
geoscientists — composed of 40 women
and 39 men in roughly equal distribution
of seniority, ranking from students to
full professors — which factors might
explain the data described above (for
more details on the focus group method,
see Supplementary Information). We also
asked them if the gender disparity we found
mattered to them, and whether they believe
that it has consequences for the quality
of science, the research questions that are
pursued or the approaches taken. We found
that the focus groups’ explanations for
our data fall into three broad categories:
structural issues related to academia,
for example policies on family leave; the
‘pipeline; by which participants see ‘a
historical artifact’ of low numbers of women
entering the field in the past; and reasons
that lie with women’s views and choices,
including comments such as “women
are choosing to not be geoscientists” or
choosing not to be academics, and women
lack self-confidence or the toughness
necessary to succeed in academia.

Men and women placed different
emphasis on each of these perceived
issues, and men had more comments
(141) than women (71) to explain the
data. Most comments by women fell into
the first category, reflecting frustration
with the institution and its slow change to
accommodate the changing workforce, with
the second most commented on category

being the pipeline (Fig. 2). Only one
comment by a woman referred to women’s
views and choices. Most men, in contrast,
perceive the pipeline as the principal

cause of the current lack of gender equity,
followed by structural issues. Nearly 20% of
male responses mentioned women’s views
and choices. In addition, four males had a
unique response that no woman commented
on: ‘societal expectations’ that women have
children and that this would preclude their
success in academia.

In addition to the statistically significant
gender gap in perceptions there is a slight
generational gap, particularly between
advanced males (associate/full professors
and administrators) and junior females
(students and assistant professors). Few
junior females attributed the data to pipeline
issues and none mentioned women’s views
and choices as factors that explain the data.

THE STRUCTURE OF ACADEMIA

Participants suggested three types of
structural barriers: family issues, lack of
female mentors, and lingering chilly climates
in some departments and/or institutions.
Amongst the female participants, the most
common explanation for the data was
related to family issues that ranged from
having to move when a husband got a job
to feeling overwhelmed by the life of an
academic after the birth of an additional
child. Although some participants saw
these as stumbling blocks from which
women could not recover, advanced women
with children uniformly did not. Women
with children believe that this issue can
be addressed if academic institutions
offer affordable day care and uniformly
applied flexible work arrangements that
would better accommodate the overlap
between the tenure clock and biological
clock for women'! (also see references in
Supplementary Material).

More men than women see the lack of
female mentors as an issue. No advanced

women mentioned this: most had only
male mentors while at university and most
advanced female geoscientists mentioned
the large positive impact of good male
mentors. For female students, the lack

of female role models interweaves with
family issues. Sixty-nine percent of male
tenure-track professors have children; only
forty-one percent of female tenure-track
professors do'? (based on a study of 37,000
faculty over all disciplines, 1978-1983).
Students in our field are noticing this
disconnect, as indicated by comments made
during focus-group discussions. The lack
of female mentors may not be an issue, but
the lack of a role model whose life a female
student may wish to emulate is.

Only one male participant mentioned
‘climate issues’ to explain the data, but this
was the third most common explanation
from women in our focus groups. Women
mentioned lack of clear communication
with advisors, being cut out of field
opportunities, inappropriate posters on
office walls, inappropriate comments,
and heavy service loads (tokenism on
committees). One male participant noted
the presence of non-verbal discrimination
in attitudes among his colleagues and
comments that crop up only when “the
women are not around”

Real structural barriers within academia,
that are not specific to the geosciences, are
slowing women’s advancement. Sixty to
eighty percent of women in scientific fields
in academia indicate that balancing work
with family is a major barrier®. It is worth
pointing out that most women stay out of
the corporate workforce for an average of
only two years to cope with family issues'*'.
The good news is that there are family-
friendly academic policies that are effective
in facilitating womens retention''*"”. The
ADVANCE portal website by Virginia
Tech has useful strategies for lowering
institutional, structural barriers'®.

THEPPELINE

The most common reason given by male
participants, and the second most common
reason given by female participants for

the low numbers of women in academic
positions is the pipeline, principally meaning
that not enough time has passed to allow
women to advance in academia, but also
including low recruitment, low retention,
and a sense that “time will solve this
problem”. But our data show that the exodus
of women from academic careers — the
lack of retention — will continue to slow the
progress of the geosciences towards gender
equity: 50% of women in our focus groups
said they considered leaving the geosciences
at some point, whereas only a third of men
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had. Women commented in our focus
groups that they continue to contemplate
leaving academia even after winning the
brass ring of tenure. Considering the cost of
a search-and-startup fund for new faculty
(assuming the department gets to keep

a vacated position), it seems that flexible
work arrangements, including temporary
part-time appointments, short-term leave
and stop-the-tenure-clock to accommodate
family issues is a better economic bargain
for departments than letting a successful
early- to mid-stage career person leave.
Leave policies must be institution-wide and
applied uniformly and consistently. Negative
discourse about these policies by faculty may
be a significant barrier in their widespread
application; institutional implementation
from the highest administrative levels

can reduce this'**. The high rate of non-
retention for all assistant professors (25%)

is disturbing. This rate might be lowered by
increased mentoring and guidance for all
junior faculty?'.

WOMEN'S VIEWS AND CHOICES

Is it something about women that precludes
their advancement in academia? Ten male
responses, and one associate/full female
professor, suggested: “women are choosing
a different career path’, “females don’t like
field work’, “females in general have a low
interest in the subject matter”, “females lack
self-confidence”, and “females in general
prefer to teach”

A study on postdocs holding prestigious
fellowships showed that some women’s
self-confidence is “extrinsic” or based
on validation and encouragement from
others®. This perception could be altered by
professional development training, such as
the workshops offered by COACh?. Simply
being aware that female students often need
explicit encouragement and providing it
may suffice to overcome such a barrier.

The assertion that a higher proportion
of women are not as attracted to a dirt-laden
field as men needs more study. As congenital
players in the dirt, we would like to believe
this is false. We probed students on the issue
of ‘image’: that is, how are geoscientists
perceived by non-geoscientists. There was
widespread agreement among students that
geoscience is a less attractive field for the
‘fashion-conscious. However, this was not
necessarily perceived as a bad thing, and not
all student participants thought this affected
womens participation in the geosciences.

Do women prefer to teach rather than
do research? Women in our focus groups
talked at least as much, or more, about their
research as their teaching. Although it has
been anecdotally suggested that women
prefer to work at Bachelor’s-granting
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Figure 2 How male and female geoscientists explain the low numbers of women in academic positions in the

US. Most male responses suggested that there is a ‘pipeline’ problem, and that with time, gender parity will be
achieved. Most female responses suggested a ‘structural’ problem, that is, a problem with the way the tenure

track and academic institutions are structured makes it difficult for women to cope with family issues and be a
successful academic. “Female” refers to women’s views and choices: that is, there are few women in geoscience in
academia because women choose not to be there and/or women lack the skills or talent needed to succeed there.

institutions, our conversations with women
in these positions indicate otherwise.

Some women, as well as some men, prefer
a larger teaching role; but others took the
only available job. The higher teaching
loads at such institutions makes them

no more family-friendly than research
institutions. Do women get better jobs
outside of academia? These data are hard to
find. For now, the data we have show that
women are getting advanced degrees, but
they are not appearing in academic jobs.
Anecdotal evidence suggests that women
are not applying for academic positions
after completing the PhD. Academic search
committees should assess who is in their
applicant pool. If there are no women, a
faculty should ask, “why not?” Too often
search committees forget that ‘search’ is an
active verb. We suggest that members of
search committees attend conferences, seek
out pre-tenure women scientists, invite them
to give a talk in their colloquium series. An
informal lookout can begin long before the
formal search process does. Strategies to
increase the diversity of applicant pools are
provided by the University of Michigan®**.

CRITICAL MASS TO GENDER PARITY

A threshold of 15-30% representation
by minorities is thought to be enough

nature geoscience | VOL 1 | FEBRUARY 2008 | www.nature.com/naturegeoscience

© 2008 Nature Publishing Group

to reduce the negative impacts of being

a minority, but this proportion may not
suit academia because women are not
uniform in their attitudes and workstyles?.
What, then, would be the ‘critical mass’

for women in the geosciences? Several
participants were not sure that a 50-50 split
is achievable or even desirable.

Many geoscience departments,
embarrassed by a complete absence of
women on their faculty, recruited one
woman, or perhaps even two, to their
faculty in the 1980s or 1990s. In smaller
departments, this could have achieved
15 or 30% of women on staff, but these
percentages can still translate to continued
isolation for women faculty. And once one
or two women were hired, further hiring
often slowed. First hires may cope with
isolation by retreating into a lab and not
re-emerge to bond with newer hires.

Our results suggest that some advanced
women may have adopted the ‘traditional
male’ model: responses to the data were
most similar between advanced males
and advanced females. The focus group
data from our students show that a mere
proportion of women ignores the human
side of the academic workplace.

We feel that it is time to abandon the
concept of critical mass and focus instead on
gender parity, a term defined as ‘functional
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equivalence. We offer here a definition

of gender parity for the geosciences: a
department will have achieved gender parity
when every student in it can look at the
faculty and see at least one person whose
life they wish to emulate. A department
with only one woman or with five childless
female full professors is not there yet.

WAYS OF ACHIEVING GENDER PARITY

With Libarkin and Kurdziel”?, we urge
departments to learn where their specific
losses are and what strategies can be
developed to reduce this loss. Does the
proportion of women in applicant pools
come close to the PhD production rate

or postdoc population? These data are
available from the NSF website>”*'°. If not,
what might a department do to diversify
its applicant pool? Exit interviews of both
undergraduate and graduate students can
reveal whether climate issues are affecting
students. We can judge whether our
perceptions agree with numerical data, and
we can target our efforts where they will
have the most impact.

We could wait for the pipeline to supply
more women by having more women
enter our programs, but the wait will be
a long one: the proportion of women on
the faculty will never equal the proportion
receiving PhDs if we do not intervene to
stop women’s exodus from academia®. The
problem is not only the supply of women
into geosciences majors, but the continual
loss as more women drop out and head
for other fields or other careers instead of
tenure-track jobs and tenure. The processes
by which our students complete a PhD
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and go on to achieve tenure may not be
selecting for all traits that can contribute
to the best science and teaching®. We
assert from our own experiences and
acquaintances that the ongoing loss of
women from the geosciences is not ‘best
selection, but a brain drain.
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ERRATUM

Gender imbalance in US geoscience academia

MARY ANNE HOLMES, SUZANNE 0’CONNELL, CONNIE FREY AND LOIS ONGLEY

Nature Geoscience 1, 79-82 (2008)

In Figure 1, the labels ‘Assistant professor’ and ‘Associate professor’ should be transposed.
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