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Abstract: Across science, women continue to be underrepresented.&nbsp; The gender gap is considerable in physics and persists at all lev
students through to senior physicists.&nbsp; Recent research analyzed physics publications from around the world, reporting that 13% of au
the senior author position are women, and this is changing by only 0.1% per year.&nbsp; Despite the glaring lack of gender diversity, this i
often not openly discussed in the day-to-day life of a physics department.

This presentation will focus on ideas to change the status quo a€“ collective and sustained actions to advance equity, diversity and in
(EDI).&nbsp; Recent published research will be described to raise awareness of EDI challenges in the physics context.&nbsp; | will discus
physicists may collaborate to advance EDI, focusing on practical and realistic actions. Finally, | will talk about the need for physicists to e
with our broader communities to challenge societal stereotypes that limit future generationsa€™ perceptions of career and life options.
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Perimeter Institute Colloquium, September 9, 2020

Women in Physics:
Untold stories, the elephant in the
room, and challenging the status
quo

Rowan M. Thomson
Canada Research Chair & Professor
Physics

Carleton University acknowledges the location of its
campus on the traditional, unceded territories of th
Algonquin Nation. Ottawa, Canada. UNIVERSITY
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Preamble: Why am | here today?

P Diversity in physics is ongoing “challenge”, often not openly-

discussed in day-to-day life of physics department

* Personal experiences + published research = awareness of
issues, need & responsibility for change, ideas for actions.

Physics is y
for everyone.
7 .

[

We all need to be part of discussion + take
action!

ACE EDI: Awareness, Collaboration, and
Engagement to advance Equity, Diversity
and Inclusion

RM Thomson
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Preamble

* Research experience:
* Physics! (theoretical-string theory; medical — now)
* Not: social science, gender analysis, women’s studies,...

 Experiential learning - woman in physics: student,
postdoc, researcher, professor, teacher, mentor,
mother,...

e Published literature

RM Thomson
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Preamble: Caveats

Focus on women, but general EDI discussion is much broader:

* “members of underrepresented or disadvantaged groups
including, but not limited to, women, Indigenous Peoples
(First Nations, Inuit and Metis), persons with disabilities,
members of visible minority/racialized groups and members
of LGBTQ2+ communities” (NSERC)

Speak in terms of men/women (male/female) but recognize
that there are diverse gender identities.

“Gender is usually conceptualized as binary (girl/woman
and boy/man) yet there is considerable diversity in how
individuals and groups understand, experience, and express
it.” (NSERC)

RM Thomson
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Outline

Where are the women?
Why so few women?
Should things change?

. What can we do?
Closing remarks

RM Thomson
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Undergrad: Where are the women?

Summer 2001: Student researcher

I * Government Gouvernement
! of Canada du Canada

MENU v

National Research Council Canada

® Canada's largest federal research and development organization

RM Thomson
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UNIVERSITY OF

WATERLOO

PERIVIETER INSTITUTE
FOR THEORETICAL PHYSICS Ph D 2007

RM Thomson

Pirsa: 20090006 Page 8/93



RM Thomson
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Where are women undergrad students?

e Y
k‘_-df’." L

* Winter 2019, 4" year course: 2/25 women students.
* Typical: ¥10% women undergrads in physics

RM Thomson
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Some good signs...

Department of Physics @ Carleton (2019-20):
5 out of 19 faculty members are women

RM Thomson
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Discovery Grant applicants:
Big gender gaps (2019)

Percent of woman W man other NSERC
Sgplicants CRSNG

80 | |
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biology chemistry physics  geosciences computer math & stats
science
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RM Thomson
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@PLOS | BIOLOGY PLOS Biology | https://doi.org/10.1371/journal.pbio.2004956  April 19, 2018

META-RESEARCH ARTICLE

The gender gap in science: How long until
women are equally represented?

Luke Holman*, Devi Stuart-Fox, Cindy E. Hauser

Gender of 36 million authors from >100 countries publishing in
>6000 STEMM journals, last 15 years

“Worryingly, highly male-biased disciplines tended to show especially
slow improvement in the gender ratio with time”

“gender gap appears likely to persist for generations, particularly in
surgery, computer science, physics, and maths.”

1

258 years!

STEMM = Science, Technology, Engineering, Mathematics, and Medicine
RM Thomson
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META-RESEARCH ARTICLE

The gender gap in science: How long until

women are equally represented?

Luke Holman*, Devi Stuart-Fox, Cindy E. Hauser

Variations with
physics
subdiscipline

Theory
~10% women
Changing?

Physics Education -

Experiment =

Instrumentation and Detectors -
Medical Physics -

Space Physics -

Biological Physics -

Popular Physics =

Chemical Physies -

Atmospheric and Oceanic Physics =
Materizals Science -
Superconductivity -

Accelerator Physics -

Geophysics -

Other -

Soft Condensed Matter -

Optics -

Physics and Society -

Atomic and Molecular Clusters -
Disordered Systems and Neural Networks =
Mesoscopic Systems and Quantum Hall Effect -
History of Physics -

Atomic Physics -

Phenomenology =

Unspecified -

Plasma Physics -

Strongly Correlated Electrons -
Computational Physics -

Fluid Dynamics -

Statistical Mechanics -

Classical Physics -

Data Analysis; Statistics and Prabability =
Lattice -

Quantum Gases -
General Physics -
Theory -
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Gender diversity in student population?

Report: Analysis of the Distribution of Gen_c__ler in

STEM Fields in Canada

- 'l' e

- lll gl ! . |
m—— zr Y’f.—".’r - "'.*I. I..-:. = =

Physics

2005

B Female W Male

- “noticeable drop in the distribution of degrees awarded by
gender in physics and computer science from 2000 to 2009. In
2000, females represented 30.1% of degrees awarded in physics,
and only 11.8% in 2009.”

RM Thomson

a \’ el
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Data for other underrepresented groups?

* Indigenous peoples: <2% of people working in STEM
(4% of adult population); Canada.

www.conferenceboard.ca/research/how-can-more-indigenous-people-access-stem-careers

NSF (USA): underrepresented minorities (Latinx or
Hispanic, Black or African American, and Native
American) ~14% STEM PhDs but 30% of population;

similar for individuals with disabilities
https://ncses.nsf.gov/pubs/nsf19304/

Representation of LGBTQ+ individuals is less well (not?)

documented Restar & Operario, The missing trans women of science,

medicine, and global health, Lancet (2019) https://doi.org/10.1016/S0140-
6736(18)32423-1

RM Thomson
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Outline

Where are the women? Considerable +
persistent gender gap

Why so few women?
. Should things change?
. What can we do?
Closing remarks

RM Thomson
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Quirks & Quarks

Glass obstacle course: Why so few women
hold top STEM spots

f @ in ==

Female scientists encounter informal and formal barriers at every turn in their
careers

CBC CBC Radio - Posted: Sep 20, 2019 4:54 PM ET | Last Updated: September 20

12019

The glass obstacle course describes the experience where female STEM professionals encounter unexpected

barriers at every turn in their careers. (Ben Shannon/CBC)
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“Many molehills make a mountain”

Women progressing in a science career encounter
numerous disadvantages. Each small disadvantage
may not be insurmountable, but the cumulative
effect is evident in the “leaky pipeline”.

= [mole mill) ;. = mountain

all

League of European Research Universities (LERU) Report “Implicit bias in academia” 2018.

RM Thomson

Pirsa: 20090006 Page 19/93



Stereotypes

Gender stereotypes: Preconceived
ideas whereby females and males
are arbitrarily assigned
characteristics and roles
determined and limited by their

gender.
European Institute for Gender Equality
https://eige.europa.eu/thesaurus/terms/1222

_ stercotype s

“The international human rights law framework prohibits
gender stereotypes and stereotyping which undermine the
enjoyment of human rights and fundamental freedoms. States
have obligation to eliminate discrimination...” |

y UNITED NATIONS

https://www.ohchr.org/en/issues/women/wrgs/pages/genderstereotypes.aspx (W\ HUMAN RIGHTS

" DFFICE OF THE HIGH COMMISSIONER
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Implicit or unconscious bias

Biases are shortcuts our brain forms... these
automatic associations are not always correct.

“Bias colours our decisions without our realizing” —

The Royal Society
https://www.youtube.com/watch?v=dVp9Z5k0dEE&feature=youtu.be

: bias
Schagl| , i A0S
IMthl-/M,n,CO

i. ) Z (Mglgklio,;_ =mountain
stereotype S T
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Gender-Science IAT (Harvard)

Tests association of Male and Female with Science and
Humanities

* Have you done the test?

* What do you think my Gender-Science Implicit Association
Test results show?

a) Strong

b) Moderate
c) Slight |
d) No association
e) Slight b
f) Moderate

g) Strong

association of Male with Sciénce and
Female with Humanities

association of Female with Science
and Male with Humanities

RM Thomson
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Gender-Science IAT (Harvard)

Tests association of Male and Female with Science and
Humanities

* Have you done the test?

* What do you think my Gender-Science Implicit Association
Test results show?

a)l  Strone

b) Moderate

c) Slight —
Your data suggest a moderate association of Male with Science and Female
with Humanities compared to Female with Science and Male with

‘Humanities. _ _
‘ association of Female with Science

association of Male with Science and
Female with Humanities

f) Moderate

and Male with Humanities
g) Strong

RM Thomson
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Few role models

® Female students “conclude consciously and
- unconsciously that these careers are not for them
because they don’t see people like them. That effect
is very, very powerful — this sense of not belonging.”
-Hannah Valantine, Stanford [Shen, Nature 495, 22-24 (2013)]

—

O'LSC/LOL&/S bias

EMP"'“F/W"C

=7 (molehill) ;= mountain

all
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Instability in early career

* Instability for early-stage
researchers “can be especially
problematic when it coincides with
the decision of young researchers
(of any gender) to become parents.
For women, this implies a longer
period of absence from research
than men, thus increasing the risk to
their careers.” - LERU report 2018

PhD, postdocs:
Beware! Long haul,
unstable terrain

Perception of “research as an all-
consuming endeavor that was
incompatible with raising a family”
—> Appears to weigh more heavily

OoNn women - H. Shen, Nature 495, 22-24
(2013)

RM Thomson
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Instability in early career

“male and female postdocs without children are equally likely
to decide against research careers, each leaving at a rate of
about 20%. But female postdocs who become parents or plan
to have children abandon research careers up to twice as
often as men in similar circumstances.” -Shen, Nature 495 (2013)

POSTGRADUATE POSITIONS

A 2009 survey of postdoctoral fellows at the University of California showed that women who had children or planned to have them

were more likely to consider leaving research.

POSTDOCS WHO DECIDED AGAINST CAREERS AS RESEARCH FACULTY MEMBERS (2009)
41%

32% “The plan to have children in the future,

s or already having them, is responsible
20% for an enormous drop-off in the women
who apply for tenure-track jobs.”

Wendy Williams, Cornell University

No children or lo children, but Children previous Nev
No childrer No children, but : R s ket

plans to have them plan to have them

RM Thomson
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Career interruptions

L] 36 | WOMEN IN THE WORKPLACE: THE CULTURE OF WORK

'Many employees take leave,

but some worry about negative
consequences

« Affects everyone, regardless
of gender identity, but
women more frequently
have reason to take leave
Maternity, family care
(children as well as parents
and older adults)

* Consequences, challenges

R

Women in
the Workplace

2019

LEAN IN
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Career interruptions - motherhood

Understanding? Maternity leave # sabbatical
Learning to be a parent + biological needs

Employer awareness — obligations, principles of
employment equity

Challenges: sleep, time, keeping grad students afloat,
staying competitive... keeping the balls in the air.
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Inequitable hiring

®" Do science faculty exhibit a gender bias that could
contribute to the gender disparity in academic
science?

» 127 professors (biology, chemistry, physics) at 6
research-intensive US universities

* Asked to evaluate application materials (CV etc) of
a student —who was randomly assignhed either a
male or female name — for a laboratory manager

position

Moss-Rascusin et al, PNAS October 9, 2012 109 https://doi.org/10.1073/pnas.1211286109
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Inequitable hiring, mentoring...

~ Male applicant:

* rated as more competent & hireable than the (identical)
female applicant

* Higher starting salary + more career mentoring

Gender of the faculty participants did not affect responses

5 Y
45 -

4 : I
35 I

3 I ¥ Male Student

Female Student

25 -

2 4
15 -

1 - |

Competence Hireability Mentoring

. ~Moss-Rascusin et al, PNAS October 9, 2012 109 https://doi.org/10.1073/pnas.1211286109
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Inequitable hiring, mentoring... Intersectionality

to gender (female/male) and race (Asian, Black,
Latinx, and white), only Physics and Biology @ 8 U.S. research-

intensive universities, 2019 Eaton et al, Sex Roles (2019)
* Gender bias in Physics, not as prevalent in Biology.

* Racial biases: Asian/White seen as more competent than
Black/Latinx candidates.

* “underrepresentation of women and racial minorities in STEM
requires examining both racial and gender biases as well as
how they intersect.”

“Intersectionality recognizes that inequities are never the result
of single, distinct factors. Rather, they are the outcome of
intersections of different social locations, power relations and
experiences” (NSERC)
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Weaker reference letters

Systematic comparison of letters of reference for female
vs male applicants. Letters for women were more likely
to:

* Be shorter, incomplete
* include gendered terms

include fewer ‘standout’ adjectives (excellent,
outstanding)

include ‘doubt raisers’ (unexplained comments, faint
praise)

focus on interpersonal attributes (kindness,
compassionate)

include irrelevant personal information.

Adapted from CRC website
https://www.chairs-chaires.gc.ca/program-programme/referees-repondants-eng.aspx
Trix & Psenka, Discourse & Society, https://doi.org/10.1177/09579265030140022Z

RM Thomson
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A coreer in Physics— )
At what cost !

PhD, postdocs:
Beware! Long haul,
unstable terrain

=7 (molehill)x = mountain

all
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Invited speakers

Glaring lack of
gender balance @
conferences over
many years

- came to a head
at an international
conference in
2017.

| Physics in Canada
2018

Take AcTioN FOR GENDER-BALANCED AND DIVERSE

ScienTiFic MEETINGS

€ are writing to suggest action to enhance “equity,

diversity, and inclusion™ [1] in physics, particu-

larly representation of women, as well as other

under-represented groups (“visible minorities,
Indigenous peoples, people with diverse gender identities and
people with disabilities™ [1]), as invited and keynote speakers
at conferences.

At a recent international conference we attended involving
200 participants from around the world, there were 5 keynote
and 12 invited speakers. None of the keynote speakers were
women, and only 1 of the 12 invited speakers was a woman.
At the same time, the conference featured excellent proffered
(not invited or keynote) presentations by women at all career
stages, as well as men. The lack of women on the keynote and
invited speakers list was striking and discouraging, as was the
fact that there were few women on the conference organizing

Rowan M. Thamson
=rthomson@physics.carleton.ca>,

Canada Research Chair and Associate
Professor,

Department of Physics, Carleton University,
1125 Colonel By Drive, Ottawa ON K15 5B6

and

DW.0. Rogers
<drogers@physics.carieton.ca>,
Distinguished Research Professor,
Department of Physics, Carleton University,
1125 Colonel By Drive, Ottawa ON K13 5B6

committee, This is certainly not the first conference in recent
years to exhibit such disparities in representation amongst
invited and keynote speakers.

There are plenty of reasons to take action to ensure scientific
meetings are both gender-balanced and diverse. In parallel
with the three broad “Merit Indicators™ considered in
NSERC's Discovery Grant evaluation, consider the following
three reasons for sceking gender balance and diversity at
meetings.

i} To enrich development of highly qualified personnel

(HQP): Making connections is at the heart of scientific
meetings, and interactions between trainees and younger
investigators may come more easily when there are sen-
ior/established researchers that the trainees or younger
investigators can relate o, Gender balance and diversity
are important for establishing good interactions and
connections between generations of researchers. It also
provides role models for young women physicists and
others from under-represented groups, thereby encour-
aging them to stay in the field.
To enhance researcher career progression: Not includ-
ing or under-representing women and individuals from
other under-represented groups as keynote and invited
speakers hinders the careers of these scientists, In the
highly competitive environment for grants and jobs, an
invited or keynote speaker entry on a CV is an indica-
tion of respect amongst peers and recognition of
research excellence and innovation. If one or more
groups within the population is under-represented, then
the corresponding/associated scientists are also at a dis-
advantage when it comes to applications for jobs,
grants, research chairs, promotions, and so on. If there
are unconscious or implicit biases in play resulting in
groups not being invited, then these are (hidden)
barriers.
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Science Public Lectures @Carleton

Facuity of Science ABOUT THE COLLABORATIVE INFORMATION FCR INFORMATION FOR FACULTY AND PUBLIC EVENTS AND
FACULTY RESEARCH STUDENTS STAFF LECTURES

GIVING TO
SCIENCE

HEALTH SCIEN

R UPDATES

EUREKA!

DISCOVERY LECTURE  HERZBERG LECTURE SCIENCE CAFE BUTTERFLY SHOW SCIENCE MAGIC SHOWS FIELDS-CARLETON DISTINGUISHED LECTURE LIFE SCIENCES DAY

3 F' | P - - .
k %n‘ p -~
'R | .
“ ,‘ ‘ " b

% Gerhdrdl Hel#Zbgrg Lecture

=

The Herzberg Lectures are held annually in honour of Gerhard Herzberg, a former Chancellor of Carleton Universit

recipient of the 1971 Nobel Prize for Chemistry. The lectures emphasize the relationship between science and society and seek

to address an aspect of science which has a pronounced impact on our daily lives

The Herzberg Lectures are free and open to the public

Website lists speakers from 2000 to 2019: no women!
= This will change in 2020! ©

RM Thomson
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Research Grants

League of European Research Universities Report (2018)

* European Union statistics show higher male applicants’
success rates in funding competitions (about 4% as an
average across Europe)

* “some studies point to male applicants receiving higher
quality evaluations of researcher, although not higher
quality of proposal, in funding competitions.”

How about in Canada?

RM Thomson
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THE LANCET

i Noerber 10171 Feges 401610 February 1% 200 wwwihelwrtonm

Are gender gaps due to evaluations of the applicant or the
science? A natural experiment at a national funding agency

Holly O Witteman, Michael Hendricks, Sharon Straus, Cara Tannenbaum /

Canadian Institutes for Health Research (CIHR)

RM Thomson
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Compared male and female Principal Investigator success

2011 Changes implemented 2016
in 2014

Project grant programme
(no explicit review
focus on the scientist)

Traditional grant programmes
(no explicit review

focus on the scientist)

Foundation grant programme
(explicit review
focus on the scientist)

RM Thomson
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Compared male and female Principal Investigator success

~

2011 Il Changes implement
in 2014

0.9 percentage points lower for
female than male applicants

Traditional grant programmes
(no explicit review

focus on the scientist)

0.9 percentage points lower for
female than male applicants

RM Thomson

Probability of success? P

Project grant programme
(no explicit review
focus on the scientist)

Foundation grant programme
(explicit review
‘focus on the scientist)
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Compared male and female Principal Investigator success

~

2011 Il Changes implement )
in2014 0.9 percentage points lower for

== female than male applicants
Probability of success? _

Project grant programme
(no explicit review
focus on the scientist)

Traditional grant programmes

(no explicit review
focus on the scientist)

4 percentage points lower for female than
male =2 12.7% (male) vs 8.8% (female)
' k

Foundation grant programme
. (explicit review
. focus on the scientist)

0.9 percentage points lower for
female than male applicants

Male investigators ~1.4 times more likely to receive funding!

RM Thomson
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Compared male and female Principal Investigator success

2011 Changes implement; -
in2014 )9 perc e

‘ Probability of success? ‘ - .
. . Project grant programme

- “gender gaps in grant funding stem | @oeplitevien.
. focus on the scientist)
' from women being evaluated less
 favourably as principal investigators,
'not from differences in the quality of
proposals led by men and women.”

nts lower for female than
nale) vs 8.8% (female)

Foundation grant programme
(explicit review
focus on the scientist)

I Male investigators ~1.4 times more likely to receive funding! i

RM Thomson
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“Commentary: Funders should evaluate
projects, not people” by Raymond &
Goodman, Lancet 2019.

Are gender gaps due to evaluations of the applicant or the
science? A natural experiment at a national funding agency

Haolly O Witteman, Michael Hendricks, Sharan Strows, Cara Tannenbaum

Potential causes for documented gender-disparity in
scientist-focused funding program?

1. Individual bias: peer reviewers’ subjective evaluations are
affected by explicit or implicit (unconscious) bias

2. Systemic bias: accrual of advantage to male scientists

* Due to differences in funding, service load, burden of sexual
harassment, and other gender-based disparities

RM Thomson
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A — People focused funding programme
----- Project focused funding programme

Disadvantages For people-

compound focused funding
- (solid lines) =
Ve LATE highly skewed
7/ e investment in
John compared

j with Jane.

Based on 12.7%
(m) vs 8.8% (f) of
CIHR Foundation

Scheme.

Cumulative grants funded (predicted)

Rounds of applications (n)
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Pay inequity, gender pay gap

UBC gives all female tenure-stream faculty a 2 per cent raise

JAMES BRADSHAW » BANKING REPORTER
PUBLISHED FEBRUARY 2, 2013

https://www.theglobeandmail.com/news/national/education/ubc-gives-all-female-tenure-stream-faculty-a-2-per-cent-raise/article8150659/
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Gender pay gap — Carleton?

Carleton University Academic Staff Association

All Faculty

180000

160000

140000
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>
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L LA Salary data from 2018
Toggay == T | - 2020 - unresolved.

Male Quartiles ——
Female Quartiles ———
Standard Line — — —
Males (fit) ——
Females (fit) —

breakpoint

30 50
Years since first degree

Pirsa: 20090006 Page 45/93



Underrepresented for awards, prizes

Rare Nobel Prize win by a woman a 'stark
reminder’ of sexism in physics

2018

European physicist suspended over sexist remarks just a day earlier

8 Emily Chung * CBC News - Posted: Oct 03, 2018 4:00 AM ET | Last Updated: October 3, 2018

€¢I have a hard time
imagining there haven't been
women worthy of the prize in
those 55 years.”?

- Christin Wiedemann , past president of the Society for

Canadian Women in Science and Technology

https://www.cbc.ca/news/technology
nobel-prizes-women-gender-
1.4847608

aceives a standing ovation before speaking to the media

terloo, Ont., on Tuesday. She's the first

woman to win the physics prize in 55 years. (Peter Power/Reuters)
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Article | Open Access | Published: 07 May 2019
Gender bias in Nobel prizes
Per Lunnemann, Mogens H. Jensen & Liselotte Jauffred &

Palgrave Communications 5, Article number: 46 (2019)

ABSTRACT Strikingly few Nobel laureates within medicine, natural and social sciences are
women. It is obvious that there are fewer women researchers within these fields, but does
this still fully account for the low number of female Nobel laureates? We examine whether
women are awarded the Nobel Prizes less often than the gender ratio suggests. Based on
historical data across four scientific fields and a Bavesian hierarchical model, we quantify any
possible bias. The model reveals, with exceedingly large confidence, that indeed women are
strongly under-represented among Nobel laureates across all disciplines examined.

TBlackwood Seven, Livjeegergade 178, 2. Floor, Copenhagen 2100, Denmark. Z The Niels Bohr Institute, University of Copenhagen, Blegdamsvej 17,
Copenhagen 2100, Denmark, Correspondence and requests for materials should be addressed to L. {(email: jauffred@nbidk)

| (2019)5:46 | hitps./ /doiorg/10.1057/541599-019-0256-3 | www.nature.com/palcomms

RM Thomson
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Not seen as “leader”

* “Why do organisations (not only universities) tend to
have fewer women at the top than at the bottom of
their hierarchies?

* Stereotypically male qualities are qualities that we also
associate with leadership. This bias presents an implicit
barrier to women proceeding to high-ranking positions.

* ..expectation that male researchers are more fit to be
leaders, a bias deeply rooted in cultural traditions”

League of European Research Universities (LERU) Report “Implicit bias in academia” 2018.
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