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Researchers from racial 
and ethnic groups that are 
under-represented in US 
geoscience are the least likely 
to be offered opportunities 
to speak at the field’s biggest 
meeting.

Biases  — structural, implicit and 
explicit — exclude many people from 
science, technology, engineering 
and mathematics (STEM) education 
and employment, and devalue their 

contributions1,2. Most studies focus on bias 
against women. Few data sets offer enough 
generalizability or statistical power to eval-
uate the representation of minority ethnic 
and racial groups, or to examine intersec-
tionality3 . The latter describes the interwoven 
forms of discrimination that affect a person 
from multiple marginalized groups (such as 
racism, sexism, classism or ageism), locate 
them in systems of oppression and limit their 
upward mobility — as might be experienced by 
a young African American woman in science 
in the United States.

We offer just such a data set here.
Presenting at scientific conferences is key 

to academic career progression. Scientists 
don’t just communicate results; they also 
develop relationships with collaborators and 
mentors, and identify job and funding oppor-
tunities. Giving a talk confers recognition 
and prestige, particularly for students and 
early-career researchers. Despite historical 
inequities, women are now presenting more 
at conferences4,5 and colloquia6. These gains 
are especially visible at conferences that 
are organized by women or that specifically 
support early-career participants. 

We found that US scientists from minor-
ity racial and ethnic populations already 

under-represented in science had relatively 
fewer speaking opportunities at a key scien-
tific conference over a four-year period than 
their proportion in the sample would predict; 
the imbalance was most severe for women. 
This disadvantage for under-represented 
minority groups held across career stage (see 
‘Who gets the microphone?’). 

Our results underscore the pressing need to 
support minority groups at conferences — as 
elsewhere in STEM — to advance equity and 
improve research. 

Data set and methods
The American Geophysical Union (AGU) is 
an international non-profit scientific asso-
ciation with around 60,000 members in 
137 countries. Since 2013, the AGU has col-
lected self-reported demographic data from 
its membership, including gender, race or 
ethnicity (for US-based academics only), 
career stage and birth year. 

The AGU Fall Meeting is the world’s larg-
est Earth- and space-science conference. 
The attendance each year from 2014 to 2017 
was approximately 24,000–28,000 people. 
Around 22,000 abstracts are submitted for 
selection as talks or posters each year; few are 
rejected (<0.05%). Membership is necessary 
for submitting, although not for attending 
the meeting. 

Abstracts are submitted to topical sessions. 
Sessions are proposed and organized, and 
abstracts vetted, by a group of conveners — 
academics, industry members, government 
scientists and others. The primary convener 
must be an AGU member. There are three 
tracks by which geoscientists get to present 
at the meeting — two by submission, one by 

“Giving a talk confers 
recognition and prestige, 
particularly for students and 
early-career researchers.”

 

invitation. Authors can submit abstracts to 
conveners, who decide which will become 
talks and which posters; or authors can submit 
abstracts just to give a poster. In addition, 
session conveners directly invite scientists 
to speak (strictly, to send in abstracts, which 
generally results in a talk). 

The database of 87,544 accepted abstracts 
from the meetings between 2014 and 
2017 offers a unique opportunity to probe 
inequities of opportunity between demo-
graphic groups5. Presentations are approxi-
mately 34% talks (about one-third of which are 
directly invited) and 66% posters.

Career stage 
Of US-based authors, 98% (n = 53,247) 
provided career information. Researchers had 
verified themselves as students (undergradu-
ates and graduates) or the AGU had calculated 
career stage from years since highest degree 
obtained: early career (0–10 years); mid-career 
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sciences, at 9% (ref. 9). In the AGU abstracts 
data set, African American, Hispanic/Latino, 
Native American and Pacific Islander com-
prise 7.7% of the first-author abstracts in the 
analysed sample. We combined them into one 
measure — under-represented minority groups 
(URMs). We did so to increase the statistical 
power to detect differences, to limit the risk 
of multiple comparisons generating false 
positives and to avoid including potentially 
identifying information for people from rare 
groups. We admit that this approach erases 
meaningful differences in lived experiences  
between people in these groups, particularly 
those with the lowest representation. Scien-
tists from each minority group have unique 
barriers to participation. 

We combined the groups White and Asian 
American into non-URM. We did so because 
Asian Americans (4.8% of the US population8) 
are well represented in the STEM workforce 
(20.6%), in physical sciences (17.5%)9 and in 
the analysed sample (10.2% of first-author 
abstracts). We appreciate that this bracket-
ing, too, is suboptimal — it also erases many 
meaningful differences, pressingly that Asian 
American researchers do face career barriers, 
including implicit and explicit biases10,11 (see 
Supplementary information). 

Results
Our analyses focus on the chances of scientists 
from minority racial and ethnic groups that 
are under-represented in Earth and space 
sciences being given speaking opportuni-
ties, compared with other applicants. The 
key proportions are normalized relative to the 
population of each group, so that the results 
indicate representation (see Supplementary 
information for all inferential statistics).

First authors from under-represented 
minority groups contributed 7.7% of all the 
abstracts in the sample (n = 2,981; see ‘Fewer 
abstracts’). The URM applicants were dispro-
portionately students or early-career scien-
tists (79% compared with 59% of non-URM 
authors; see ‘Fewer seniors’). At some career 
stages, the small number of URM research-
ers sometimes led to low statistical power to 
detect differences. 

URM authors were invited to give talks less 
often than were other authors (8% versus 14%, 
normalized; see ‘Too few talks’). Crucially, this 
was statistically significant in the early-career 
stage (and overall). 

From talk-or-poster submissions, URM 
authors were assigned talks less frequently 
than were other scientists (42.9% versus 50.8% 
normalized in each population; see ‘Too few 

Some scientists opt to present posters, others are assigned them instead of being asked to talk.  
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(10–25 years); and experienced (late career; 
more than 25 years). Controlling for career 
stage is crucial because minority racial and 
ethnic groups are concentrated in the student 
and early-career stages (see ‘Fewer seniors’). 
This is due to both a leaky pipeline in educa-
tion and professional advancement7 and the 
fact that senior groups more strongly bear the 
imprint of historical biases. 

Race, ethnicity, gender
The AGU recorded self-reported ethnicity and 
race from US-based authors only (n = 54,446). 
Of these, 71% (n = 38,768) reported a category 
(defined as per the US census, see Supplemen-
tary information): White (58%), Asian Amer-
ican (7.3%), Hispanic/Latino (3.9%), African 
American (1.1%), Native American (0.3%) or 
Pacific Islander (0.2%). The remainder marked 
‘other’ (13%) or ‘prefer not to answer’ (13%), 
or didn’t respond (2.8%). We did not verify 
whether Native American respondents were 

citizens of tribal nations; we acknowledge that 
self-reported identity is not the same as tribal 
citizenship. ‘Other’ could refer to individuals 
who are multiracial or who do not identify 
with the categories listed. Before analysis, we 
decided to exclude authors who were based 
outside the United States (n = 33,098), who 
identified as ‘other’ or who did not report 
ethnicity or race. 

Of our sample of US-based authors who 
reported their race and ethnicity, more than 
99% (n = 38,716) identified as female or male 
(the third option was ‘prefer not to answer’). 
We appreciate that this binary treatment does 
not incorporate the full spectrum of gender 
and sexual identity. 

Under-represented groups
Minority ethnic and racial groups make up 
31% of the US population8. People from these 
groups are under-represented in the STEM 
workforce (11%), and specifically in the physical 
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talks’). Again, this difference was statistically 
significant in the crucial early-career stage 
as well as overall. Compared to others, URM 
authors were more likely to apply to give 
only a poster (35% versus 24%; see ‘Too few 
talks’). This was significant overall and for 
each career stage. 

Female URM authors had strikingly few 
opportunities at the AGU Fall Meetings. They 
had even less chance of being invited to talk 
(and applied for posters more often) than had 
URM men (and non-URM women), and were 
assigned talks less often than were non-URM 
women (see ‘Fewest chances’). This is despite 
the fact that women (taking all races and eth-
nicities together) had equal or more opportu-
nities to speak than men had (see ‘Equity — why 
so slow?’)5.

To sum up, scientists from under-repre-
sented racial and ethnic minority groups 
had the smallest chances of being selected 
and invited to speak, and opted for poster 
presentations more often than did their peers. 

Caveats and confounders
We did not assess abstract quality. An alterna-
tive explanation for our results could be that 
URM scientists submitted abstracts of lower 
quality. Even if the AGU’s selection were per-
fectly meritocratic, any gap in abstract qual-
ity would still, in our view, suggest bias in 
the STEM pipeline — for example, as a result 
of discrimination in earlier education7 and 
career development. These obstacles result 
in fewer URM scientists than scientists from 
other groups holding positions at elite insti-
tutions that provide excellent resources and 
strong collaborators.

Because of small sample sizes, it was not 
possible to control for career stage when we 
analysed by gender (see ‘Fewest chances’). 

We did not investigate why URM geoscien-
tists applied to give only a poster more often 
than did others overall, and at every career 
stage. There could be several reasons. People 
might be held back by psychological factors 
such as lower self-confidence12. For example, 
people from under-represented minority 
groups often report ‘impostor syndrome’ — 
feeling isolated and vulnerable in academia 
because they perceive themselves as having 
lower competence than their peers11. Or, some 
URM scientists might value poster presenta-
tions — this format could align with different 
goals, interests or lived experiences, for exam-
ple by enabling researchers to communicate 
findings in one-on-one conversations.

Because we left out of our analysis those 
based outside the United States, those who 
identified as ‘other’ and those who did not 
report ethnicity or race, our results will prob-
ably have excluded relevant individuals — peo-
ple who identify as multiracial, for example. 
Our main analyses therefore represent a 
conservative test of speaking opportunities 

between minority and majority groups. 
Notably, combining Asian Americans 

with under-represented minority groups 
would have yielded figures that, at face 
value, looked more representative. We did 
not do this because the US National Science 
Foundation (NSF) does not include Asian 
Americans as an under-represented group 
in STEM; its policy efforts are focused on 

the under-represented minorities we track 
here. In the Supplementary information, we 
report separate exploratory analyses con-
cerning Asian Americans, and examine career 
stage further, because of geoscience-specific 
nuances in the recruitment and representa-
tion of people who identify thus10. 

We must also point out that other nations 
might apply different census definitions to 
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WHO GETS THE MICROPHONE?
Some minority scientists who are already under-represented in science, technology, engineering and mathematics 
(STEM) and in geoscience are increasingly under-represented at every step on the path to speaking at the 
American Geophysical Union’s Fall Meeting — in terms of abstract submissions, seniority and being o�ered talks. 

SUBMISSIONS
Fewer abstracts
Authors from under-represented minority groups (URMs; 
see main text for definitions) submitted the smallest 
proportion of abstracts in total and by career stage.

Fewer seniors
Among URM authors, a bigger proportion of abstracts 
are submitted by students and early-career scientists 
than from non-URM authors at these career stages.

OPPORTUNITIES
Too few talks
URM authors were invited or assigned to speak less 
often than were other authors, at most career stages. 

By contrast, a larger proportion of URM authors than 
others applied for the poster-only option.

FEWEST CHANCES
URM women comprise the group that is least likely to 
be invited or assigned to speak. But they are 
over-represented in requesting to present posters.  
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those used here. For example, ‘White’ in the 
United States encompasses people who have 
origins in the Middle East or North Africa.

Next steps
To recap: a woman starting out in her career 
from a racial or ethnic minority group that is 
under-represented in US geoscience is less 
likely to gain a speaking slot at the field’s 
largest conference than are her male peers 
and her non-Hispanic White peers of both 
sexes. These findings hold sobering lessons 
for the AGU and other STEM conferences and 
activities. We pre-registered our data cleaning 
and main confirmatory analyses at the Open 
Science Framework to increase generalizabil-
ity (see Supplementary information). 

One of the AGU’s goals for inviting speak-
ers is to “enhance diversity and/or feature 
early-career scientists”. It is particularly con-
cerning that where URM authors are most 
numerous — in the least-established career 
stages — they get fewer invitations than their 
proportion would predict. Such early inequi-
ties are likely to affect the retention and pro-
motion of people from under-represented 
minority groups across geoscience.

There are three clear steps for the AGU to 
take. First, conference conveners should be 
blinded to information that is not necessary 
to rate the quality of submissions. Identify-
ing details such as names and institutions 
introduce bias13,14 even in people committed 
to equity, because many thinking processes, 
such as stereotype activation, occur outside 
awareness or control. Double-blind review 
has decreased bias in allocating time on the 
Hubble Space Telescope15.

Second, the AGU should encourage more 
scholars from under-represented minority 
groups to participate as conveners. Third, the 
AGU should provide more travel grants to URM 
presenters, which could increase the overall 
population of URM attendees both directly 
and by shifting norms. We encourage other 
STEM conferences to make these changes.

Meanwhile, the rest of the community has 
work to do to (see ‘Equity — why so slow?’). 
Established scholars can support scientists 
from minority groups by encouraging them 
to submit talk abstracts and by providing 
opportunities to practise presenting in local, 
domestic and international venues. These 
steps can increase confidence and foster the 
development of people’s identity as scientists.

It is crucial for universities and funding 
agencies to support organizations that pro-
vide openings and mentorship to young schol-
ars from minority groups, such as the Society 
for Advancement of Chicanos/Hispanics and 
Native Americans in Science. The NSF aims 
to broaden participation in STEM through 
its criteria for grant proposals and through 
initiatives such as NSF INCLUDES (Inclusion 
across the Nation of Communities of Learners 

of Underrepresented Discoverers in Engineer-
ing and Science)16. Such programmes can liaise 
with professional societies.

Racial, ethnic and gender biases harm indi-
viduals and undermine the quality of science. 
Even if all demographic gaps were plugged 
tomorrow at the level of people graduating 
with PhDs, and even if these graduates did not 
have to run the gauntlet of systematic bias that 
their predecessors faced, it could still take 
generations to achieve fair representation 
among senior academics. 

We therefore urge more organizations to 
measure and share the outcomes for scholars 
from minority groups. With this information 

Equity — why 
so slow?
Laws, policies, training, research  
and tracking must benefit all.

In the United States, affirmative action 
is a set of laws, guidelines and policies 
that aim to increase the representation 
of historically excluded groups in higher 
education and professional careers. 
Overall, White women have been the 
primary beneficiaries17, as our results 
underscore.

A report last year by the US National 
Science Foundation showed that minority 
ethnic and racial groups are under-
represented in graduate programmes, and 
that this results in reduced economic and 
social opportunities16.

An inclusive environment, visible role 
models and adequate funding are key to 
enabling people from under-represented 
minority groups to participate and succeed 
in science, technology, engineering and 
mathematics (STEM)18. A growing body 
of research has highlighted the subtle, 
indirect and often unintentional actions 
perpetrated against such researchers by 
majority groups, and which have an impact 
on a sense of belonging in STEM spaces19–21, 
as well as on career persistence and well-
being22,23. 

Small interventions can help, such as 
asking STEM community members to be 
mindful of equity, diversity and inclusion. 
Reminding individuals, particularly men, 
to consider diversity when selecting 
potential reviewers can improve gender 
representation24. 

However, the effects of these reminders 
on ethnicity bias have not been studied, 
and reminders might not be effective in 
the long term in reducing implicit biases 
in STEM25. Implicit-bias training is well-
meaning but largely ineffective26,27. H.L.F, 
C.B. et al.

and the growing literature on effective inter-
ventions, together we can create a more 
equitable scientific community.

The authors

Heather L. Ford is a lecturer at the School of 
Geography, Queen Mary University of London, 
UK. Cameron Brick is a research associate in 
the Department of Psychology, University of 
Cambridge, UK, and an assistant professor 
of social psychology in the Department of 
Psychology, University of Amsterdam, the 
Netherlands. Margarita Azmitia is a professor 
in the Psychology Department, University of 
California Santa Cruz, USA. Karine Blaufuss is 
director of business intelligence and data at 
the American Geophysical Union, Washington 
DC, USA. Petra Dekens is a professor in the 
Department of Earth & Climate Sciences, San 
Francisco State University, California, USA. 
e-mails: h.ford@qmul.ac.uk; c.brick@uva.nl

1. US National Science Foundation. Women, Minorities, and 
Persons with Disabilities in Science and Engineering: 2017. 
Special Report NSF 17-310 (NSF, 2017).

2. Stewart, A. J. & Valian, V. An Inclusive Academy: Achieving
Diversity and Excellence (MIT Press, 2018).

3. Crenshaw, K. W. Stanford Law Rev. 43, 1241–1299 (1991).
4. Kalejta, R. F. & Palmenberg, A. C. J. Virol. 91, e00739–17 (2017).
5. Ford, H. L., Brick, C., Blaufuss, K. & Dekens, P. S. Nature

Commun. 9, 1358 (2018).
6. Nittrouer, C. L. et al. Proc. Natl Acad. Sci. USA 115, 104–108

(2018).
7. Milner, H. R. IV J. Black Stud. 43, 693–718 (2012).
8. Humes, K. R., Jones, N. A. & Ramirez, R. R. Overview of 

Race and Hispanic Origin: 2010 (US Census Bureau, 2011).
9. US National Science Board. Science and Engineering

Labor Force (NSF, 2018).
10. Ibarra, D. E., Lau, K. V., Bernard, R. E. & Cooperdock, E. H. G.

Preprint at Earth and Space Science Open Archive 
https://doi.org/10.1002/essoar.10500088.1 (2018).

11. Dancy, T. E. & Brown, M. C. J. Sch. Leader. 21, 607–634 
(2011). 

12. MacPhee, D., Farro, S. & Canetto, S. S. Anal. Soc. Issues
Public Pol. 13, 347–369 (2013).

13. Hall, W. J. et al. Am. J. Public Health 105, e60–76 (2015).
14. Axt, J. & Lai, C. K. J. Personal. Soc. Psychol. 117, 26–49

(2019). 
15. Strolger, L. & Natarajan, P. Phys. Today https://doi.org/

10.1063/PT.6.3.20190301a (2019).
16. US National Science Foundation. NSF INCLUDES: Report 

to the Nation NSF 18-040 (NSF, 2018).
17. Crenshaw, K. W. Mich. Law Rev. First Impr. 105, 123–133

(2007).
18. Syed, M., Azmitia, M. & Cooper, C. R. J. Soc. Issues 67, 

442–468 (2011).
19. Grossman, J. M. & Porche, M. V. Urban Educ. 49, 698–727

(2014).
20. Burt, B. A., McKen, A. S., Burkhart, J. A., Hormell, J. & 

Knight, A. J. ASEE Peer https://doi.org/10.18260/p.26029
(2016).

21. Rattan, A. & Dweck, C. S. J. Appl. Psychol. 103, 676–687
(2018).

22. Ong, M., Smith, J. M. & Ko, L. T. J. Res. Sci. Teach. 55, 
206–245 (2018).

23. Wilkins-Yel, K. G., Hyman, J. & Zounlome, N. O. O.
J. Vocational Behav. 113, 51–61 (2018).

24. Hanson, B. & Lerback, J. Eos https://doi.
org/10.1029/2017EO083837 (2017). 

25. Lai, C. K. et al. J. Exp. Psychol. Gen. 145, 1001–1016 (2016).
26. Duguid, M. M. & Thomas-Hunt, M. C. J. Appl. Psychol. 100, 

343–359 (2015).
27. Dobbin, F., Schrage, D. & Kalev, A. Am. Sociol. Rev. 80, 

1014–1044 (2015).

Supplementary information accompanies this article: 
see go.nature.com/2sqkjaf

Nature | Vol 576 | 5 December 2019 | 35

©2019SpringerNatureLimited. All rightsreserved. ©2019SpringerNatureLimited. All rightsreserved.


