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Demographics of 
Astrophysical, Planetary & Space Sciences: 

30 Year Perspective
Fran Bagenal

University of Colorado 
Boulder

We've come 
a long way, 

but......

Women In Physics & Astronomy
Moving beyond "the woman problem" 

�how to help these poor women�

�how to train/hire/retain the talent we need to do the job�

Fran Bagenal
University of Colorado, Boulder

Think Globally - Act Locally

Outline
• First, the numbers.....  
– International

– National

• Where are the worst leaks?

• How to fix them?

– Think globally, Act locally

AIP
American Institute 

of Physics
Statistical 
Division

AAS American 
Astronomical 

Society

AGU American 
Geophysical Union

DPS - Div. 
Planetary Sci.

SPD –Solar 
Physics Div.

PlanetarySpace Physics 
& Aeronomy

The acronym soup 
of professional 
organizations

APS American 
Physical Society

• First, there's the 
numbers

• Then, there's the 
interpretation

• Statistics can often 
reveal interesting 
sociology...  or politics... 
or....?

• or maybe it's just a 
change in the way they 
are gathering the 
numbers.....

What's going on here?

Percentage of women 
ages 25-54 who are employedStatistics  - buyer beware!
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Reflections
• Why does it require an effort to 

bring more women into scientific 
careers?

• ... and for them to thrive there

• Women are "the canaries in the mine" –
generally, addressing gender issues 
improves things for all

International View

International
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Compiled by the AIP Statistical Research Center 

Many countries missing – India? China?
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(IUPAP International Conference on Women in Physics Proceedings, 2005-2013)

A         B           C          D         E          F          G          H          I

Comparing Across Countries
Percentage of Undergraduate Physics Degrees Awarded to Women

: Germany : India : Iran   : USA

(IUPAP International Conference on Women in Physics Proceedings, 2005-2013)
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Probably not what you expect....
Percentage of Undergraduate Physics Degrees Awarded to Women
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Physics Bachelor's Degrees
Physics PhDs

http://www.aip.org/sites/default/files/statistics/women/wo
men-speakagain-05.pdf

Compiled by the AIP Statistical Research Center 

Numbers sometimes test our pre-conceived notions
????????????
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Stoet & Geary 2018,
Psychological Science
https://doi.org/10.1177
/0956797617741719

The Gender-
Equality Paradox 
in 
Science,
Technology, 
Engineering, and 
Mathematics
Education

Beware of 
preconceived 

notions!

http://www.aip.org/sites/default/files/statistics/women/women-speakagain-05.pdf
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Human Development Index

Global Study – not US
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https://roseproject.no

Everyone likes 
space and 
astronomy!

National Surveys:

Astronomy
Planetary Science

Space Physics
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National Surveys
Astrophysics: 2013 AAS Survey by AIP
63% response = 1583 Respondants

-> 2040 PhD astrophysicists in US
Solar & Space Physics: 2013 NRC Decadal Survey
AGU-SPA, AAS-SPD, Space Weather Week
51% response = 1305 Respondants

-> 2300 PhD solar, space & upper atmos. in US
Planetary: 2011 AIP Survey
62% Response = 2622 Respondants 

-> 1200 PhD planetary scientists in US

Attendees/Members of Planetary Conference/Section

Not all PhDs

Astro Decadal Survey

Solar & Space Physics

PhDs/year in US
Astro  ~250
Solar & Space 
Physics ~62
Planetary             ~65

70
60

Solar & Space Physics

1. Half PhDs leave academia
2. Few faculty jobs per PhD
3. PhDs get great jobs
4. More non-academic 

career advice needed!

US National Surveys

The Leaky Pipeline

..... What's up with those canaries?
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Leaky Pipeline?
co

lle
ge

grad school

exciting different career

post-doc

management/teaching/industry

faculty / scientist

family

WHY do people choose different paths?
We know very little – shouldn't we ask?

US PhD Statistics 
– AIP

• ~2000 Physics 
PhDs/year

• ~50% non-US

• Does the PhD 
production 
meet the 
workforce 
needs of our 
science?

• How will this 
evolve?

1,800 PhDs / 
500 

positions
= 1 in 3.5

other 70% need 
to find non-

academic job

Career 
advice 

needed!

Actual and Expected Percentage of Women 
and Men in Physics in the US

Source:  AIP Statistical Research Center

Expected based on past bachelor degrees

Actual 2001, 2002
• Pipeline is 

more leaky for 
women than 
men

• Current %age 
of faculty 
predicted by 
% bachelors 
appropriate 
years ago 
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The Leaky Pipeline

Graduate school is differentially leaky for women

Is this partly due to ….. pet theory here   ….?

18% Predicted by pipeline

30% Predicted 
by pipeline

13% Actual

22% Actual

% Women

Good 
news at 

the 
faculty 
level!

AIP 2010 & 2014

CSWA 2013

Once on the 
faculty, the %-
age of women

tracks over time 

Bagenal (STATUS 2004)

Women in Physics and Astronomy, Jan 2019
Anne Marie Porter and Rachel Ivie

Women in Physics and Astronomy, Jan 2019
Anne Marie Porter and Rachel Ivie
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Professions of Physicists' Spouses
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Female
Male

Most female physicists are unmarried
or married to PhDs

Most male physicists are
married to non-scientists

Two-Body Problem

Institutions need Dual-Career Programs!

Planetary 
Two-Body Problem

2011 Planetary 
Science Survey

Same story....

BIG ISSUE

Employment of Spouse

Solutions - University-wide Office For Dual 
Careers to help with placing the 2nd body

"PhD + 10 years" 
survey 

Which factors are 
most important 

for pay??
for promotion??

Men had 10% 
higher salary

Women in Physics and Astronomy, Jan 2019
Anne Marie Porter and Rachel Ivie

Women in Physics and Astronomy, Jan 2019
Anne Marie Porter and Rachel Ivie
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Women in Physics and Astronomy, Jan 2019
Anne Marie Porter and Rachel Ivie

Women progress (a little) faster without children Men progress faster with children

§ Not family 

§ Women w/o children not more successful

§ Many women in other demanding fields 

§ Countries w/ strong support systems (e.g., 
Scandinavia) have few women in physics

§ Academic careers flexible: become a 
professor, have a family!

§ Culture?

§ Earlier in Pipeline?  

Reasons for Disparities?
Meg Urry, Yale Physics Dept.

AAS Past-President

Fran says:  
"Work, family, life 

- at any 1 time pick 2"

Innate vs. 
Learned

Means: 
"I think you need to 

be innately brilliant to 
be in my field" 

Remember 2005 when 
at Harvard Larry 

Summers said there's 
an "intrinsic 
aptitude"?

US Physics Undergraduate  
Education:

Workforce Supply
Total Numbers
Gender Issues

Other Minority Issues



9/16/19

10

�The Leaky Pipeline�

5 in 1000 men obtained 
Ph.D.s in Nat. Sci. & Eng.

1 in 1000 women obtained 
Ph.D.s in Nat. Sci. & Eng.

Shiela Widnall 
AAAS 

presidential 
lecture 1988

Starting with 
4 million 16-year-olds
in 1977

Physics Education – input to our profession

National

College 
education
Up, 

Up, 
Up!

1955                                                                                 2000

Physics 
numbers 

flat  

�20%
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Class of

Students 
got the 

message..

You can 
get a job 

with a 
physics 
degree!

8400

2000               2016

3646

8600

3646

Women Physics Bachelors Increased 

but slower than men

Did women not get the 
message...

2017
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www.aps.org  ©2017, American Physical Society; Email: hodapp@aps.org 

Percentage of Women in Physics 

2 
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Source: National Center for Education Statistics and APS 

Delayed for PhDs? 
Non-US grads

~16% 
by 

2020?

2 more 

years data

Back on 
track of 20 
years ago?

A blip?

.....?

2017
2017



9/16/19

12

Fraction of college (BA/BS) degrees to women

www.aps.org  ©2017, American Physical Society; Email: hodapp@aps.org 

Percentage of Women in Physics 
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WHY do you think 
this is happening?

Confirms my 2004 finding 
that post-PhD the pipeline 

is not differentially leaky

Confirms my 2004 finding 
that post-PhD the pipeline 

is not differentially leaky

2017 statistics

Compared to Other Sciences

Percentage of students in physics, chemistry, and biology who are women at various academic 
stages.    Source: AIP, HERI, & IPEDS

US Dept of Education - 2012 – High School

Girls more 
than keep 
up in math!

But there is 
still a small 
difference 
in Physics 
– but not 
much

WWW.ED.GOV/OCR/DOCS/GENDER-EQUITY-IN-EDUCATION-DATANOTES.PDF

WWW.ED.GOV/OCR/DOCS/GENDER-EQUITY-IN-EDUCATION-DATANOTES.PDF
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8600

3646

Women Physics Bachelors Increased 

but slower than men

Did women not get the 
message...

Could be 
cultural –

no?

What does a 
physicist look 

like?

Ask Google 
Images: 6 out of 

140 women

Hmm.... not much 
we can easily do 

about this

Yes, there's 
Hidden Figures

but 
there's also 

Big Bang
Theory, 
Bill Nye,

etc., etc., etc.,

8600

3646

Women Physics Bachelors Increased 

but slower than men

Did women not get the 
message... Could be

• More programs
• Different programs
• Men go for $$
• Women go more for 

human interaction
• ......
• Who knows??!!
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Sean V. Hoffman, Institutional Research Analyst, Stony Brook

Stony Brook - Migrations of Fall 2010 first-time full-time students by major grouping Where majors 
start-end

• What does this look like 
separated by years?

• When do students 
move?  Why?

• Gender? Minorities?

• What does this 
look like at your 
institution?

Let's do the 

research

UC-Davis

It's not just about grades....

• women and men equally likely to 
change their major in response to 
poor grades

• Women more likely to switch out of 
male-dominated STEM majors in 
response to poor performance 
compared to men

NATIONAL BUREAU OF ECONOMIC RESEARCH  
Kugler et al. 2017 http://www.nber.org/papers/w23735

Is this   true at your institution?
Got the stats?

still
^

Performance Differences 

– CU Physics Education Research Group

-8

-6

-4

-2

0

2

4

6

8

Participation Homewo rk Exams Course Gr ade

%

7 semesters (sp04 – sp07) introductory, calculus-based mechanics (PHYS 1110) N ~ 3600

M
a

le
 s

c
o

r
e

s
  

-
F
e

m
a

le
 S

c
o

r
e

s

Women do better

Men do better



9/16/19

15

Women lack math ability …

• STEREOTYPE THREAT: performing below ability 
because of expectations

• Example: Given math test told "this will be hard"
- Men: 25/100
- Women: 10/100

- Gender gap in math?

• “This test has been designed to be gender neutral”
- Women: 20/100

- Men: 20/100

• Important for minority students? Costs 
Nothing!!

Credit: Scott Baxter
Florida State U.

Virginia Tech

Group Learning

• more interaction
• practical questions
• more social
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Replicated: Pollock & Finkelstein, Physical Review, 4, 010101 (2008).

<g> =  post-pre

100-pre

traditional lecture
Engagement Improves Learning

interactive engagement

learning gain
R. Hake, ”…A six-thousand-student survey…” AJP 66, 64-74 (‘98).

Florida 
International 
University 

Hispanic-
Serving 
University

Active learning 
physics classes

Rodriguez et al. 
PhysRevPhysEducR
es, 12.020118, 
2016

2005-2014

M
EN

W
O

M
EN
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Affirmation Experiment 
– CU Physics – PER Group

• 2 X 2 randomized design: 
– gender (M, F) vs. condition (affirmation, control)

• Administer affirmation exercise 2 times

Week 1 
Recitation

Affirmation
Exercise

~15 minutes

FMCE

Week 4 
Online HW

Affirmation
Exercise

~15 minutes

Week 5 

Exam 1

Rest of the 
Semester 

Exam 2
Exam 3

FMCE Post-test
Final

Miyake, Kost, et al, Science Dec 2010

The first page listed 12 values: 
being good at art; 
creativity; 
relationships with family and friends; 
government or politics; 
independence; 
learning and gaining knowledge; 
athletic ability; 
belonging to a social group (such as your community, racial group, or school club);
music; 
career; 
spiritual or religious values; 
sense of humor.

1 – Pick two or three values 
- most important to them (affirmation condition) 
- least important to them (control condition)

2 - Through a series of structured prompts,  students instructed to 
describe in a few sentences either why the selected values were important

- to them (affirmation condition) 
- to someone else (control condition)

3 - Asked to list the top two reasons why these values were 
- important to them (affirmation condition) 
- might be picked as important by someone else (control condition)

Affirmation 
Experiment 
– CU Physics
just 15 mins

Miyake, Kost, et al, Science Dec 2010

Affirmation Impact

	

Miyake, Kost, et al, Science Dec 2010

Men      Women Men      Women

Costs Next 

to Nothing!!

www.aps.org  ©2017, American Physical Society; Email: hodapp@aps.org 

Effects of Interventions 

Hazari, Potvin, Lock, Lung, Sonnert, and Sadler, "Factors that affect the physical science career interest 
of female students: Testing five common hypotheses," PRST PER 9 020115 (2013) 
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Under-Represented Minorities

Doing good things for society... 
not the best paid

Top 10 Majors by Concentration of African-American 
Bachelor's Degrees

Of these, 65% go into the private sector
Let's get them the right skills & career advice!

AIP 2017

46% of Physics Bachelors enter the workforce on graduation

9% 
teachers
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Thought Experiment:  
What would it take to put a teacher with a physics 
bachelor in every high school in the US? 
• 45,000 high schools
15 years "Typical career length" – survival span (optimistic)
= 3000 Physics bachelors per year going into teaching

• Currently  9% of 8000 = 720

• Crank up production another factor 4

• Incentivize? Pay better? 

• Change "Physics" to "Natural Sciences"?

• Placement at local schools? Kelly Fox, CFO CU Boulder

FY 2014

State Funding per Resident Student 

$<3k

Report of the physics 2014-15 DAT on diversity, recruitment and retention in the
undergraduate physics programs

Meredith Betterton, Joel Corbo, Kathleen Hinko, Loren Hough, Ethan T. Neil, 
Daniel Reinholz, Charles Rogers       Department of Physics, University of Colorado

69-page report 
with >200 plots

2016

Women are twice as likely as men to drop 
physics 1110 the first time they take it, 
• general student population 13% vs. 6%
• undeclared students 23% vs. 13%

Physics

Other

Unenrolled

Attrition of enrolled students out of physics & 
astronomy majors is signicant for all students, 
and is higher for women and minorities.

Report of the physics 2014-15 DAT on diversity, 
recruitment and retention in the
undergraduate physics programs

Meredith Betterton, Joel Corbo, Kathleen Hinko, 
Loren Hough, Ethan T. Neil, 

Daniel Reinholz, Charles Rogers       Department of 
Physics, University of Colorado
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Solutions - 1 
– Keep the UGs  going

A – More interactive classes – less "chalk&talk"
B – Affirmation exercises (they're cheap!)
C – The Sophomore Roadbump 

– provide undergraduate "study buddies"
– don't put most traditional teachers in E&M 1!

D – Socialize (safe) study spaces – university wide
E – Invite Physics Education Researchers to       

give a Dept. Seminar
F – Dept/AGU/AAS/APS needs to provide more 
advice on non-academic careers  

Let's do the 

research

Got Stats?

Think Globally 

Act Locally

REAL WORLD!

US Physics 
Graduate Education

US PhD Statistics - AIP
• ~2000 Physics PhDs/year
• ~20%  women

300+ Applicants to CU Astronomy Program 2003+4

Each of us can  think of reasons why this happens –
but do we really know whether GRE or GPA or WHAT are good 
predictors of success for grad school? We need to look at the numbers.
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Miller et al., Sci. Adv. 2019;5: eaat7550 23 January 2019

UG GPA               GRE – Quantitative       GRE – Verbal           GRE - Physics

PhD Completion Probability
UG GPA and GRE- Quantitative best predictors

US PhD Statistics - AIP
• ~2000 Physics PhDs/year
• ~20%  women
• ~3 % Hispanic-American or African-American
• Diversity is changing slowly

Why so slow?

Note factor ~40 in vertical scale

Solutions – 2 
Grad School

Recruitment:  
• what are the realistic predictors of success in grad school?
• cast a broad net – makes a better environment

Program
• set fair, consistent, expectations
• design a program that supports and encourages a broad 

spectrum
• evaluate and articulate progress in a fair, consistent manner –

so students know where they are early & often
Non-academic career advice 

– get people from the real world out there to come 
give advice on real-world careers

Think Globally 

Act Locally

REAL WORLD!

Solutions – 3 - Family
• A society that puts generous resources into 

educating women  - and should make a major effort 
to benefit from the investment on the long term

• Institutions need to develop policies and resources   
– Dual Careers Recruitment Office, Family Support, 
"stop the tenure clock", etc; 
– be flexible, adapt to specific cases/needs

• Think long-term – 2 years of supporting "re-entry 
stipend" pays off over 25-30 year career 
(e.g. to pay for post-doc to keep research going)

Think Globally 

Act Locally
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Solutions – 4 - Culture

• Don't blame the women. 
Telling women to become more like men is not the solution.

• Change the institutional environment
BUT don't just ask women faculty/researchers to "fix" the problem

• Hire more women faculty/researchers - it's non-linear

• But it is as much CULTURE that drives women away
- Women are less content with their work environment
- 2-body problems, family issues 
- But also hostile environment - many subtle obstacles

• Leadership - from the very top - is critical

Think Globally 

Act Locally Solutions – 5 - National
• Sponsor AIP to do the demographic surveys –
SMD-wide – in time for next Decadal Surveys

• How are numbers changing?
• What fraction of researchers are non-US to 
meet needs of the field? 
• How is the field changing?
• What workforce is needed for next decade?

• Urge APS/AGU/AAS to provide career advice

• Make physical science education a priority – high 
school, college, graduate 

– surely we can do better than 8600 physics 
majors out of 300 million people! 

"Reserve your right to think, 
for even to think wrongly is better than not to think at all."

Hypatia of Alexandria  (370-415 BC)

Thank You!


