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bCurve words are reduced: do 
not contain aA, bB, etc.
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set of deformation 
classes of closed, 

oriented curves on a 
surface S with boundary

CURVE Words 
-cyclic words in a 

certain alphabet (e.g. 
{a,A,b,B})  -

one to one

Fix a surface word: for 
instance, abAB

Fix a surface S. Consider a free 
homotopy class of curves w on S. The 
self-intersection number of w is the 
smallest number of crossings of 
representatives of w with transversal 
double intersections

Self-
Intersection 
number

word length

Curve word
Depends on 

choice of surface 
word (that is,  

generators of 
π1(S) )

set of deformation 
classes of closed, oriented 
curves on a surface S with 

boundary

conjugacy class of of 
the fundamental group of 

the surface

CURVE Words 
-cyclic words in a 

certain alphabet (e.g. 
{a,A,b,B})  -

one to one

‹

•aaabaBB, aaabaBB 
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Theorem	(Birman-Series,	Cohen-Lustig,	C.	α		representative	of	
deformation	class	v	with	minimal	self-intersection	number,		

B

a A

b

Linked pairs	
▪ aaabaBB, aaabaBB 	
▪ aaabaBB ,aaabaBB

▪ aaabaBB, abaBBaa

▪ BaaabaB,aaabaBB

▪ aaabaBB , aabaBBa

▪ aaabaBB,aaabaBB            

linked	pairs	of	vSelf-intersection	points	of	α one-to-one	
correspondence

Counting curves
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Punctured torus 

Non-power (cyclic, reduced) words in the punctured torus, 
organized by word length (rows) and self-intersection (columns)
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abAB...
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Punctured torus 

18Non-power (cyclic, reduced) words in the punctured torus, 
organized by word length (rows) and self-intersection (columns)
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0 1 2 3 4 5 6 7 8
1 4 0 0 0 0 0 0 0 0
2 4 0 0 0 0 0 0 0 0
3 4 0 0 0 0 0 0 0 0
4 10 8 0 0 0 0 0 0 0
5 16 8 24 0 0 0 0 0 0
6 8 16 32 40 20 0 0 0 0
7 24 16 32 48 112 24 56 0 0

8 16 24 52 76 116 156 136 104 90

Non-power (cyclic, reduced) words in the punctured torus, 
organized by word length and self-intersection. 

Non-power (cyclic, reduced) words in the punctured torus, 
organized by word length (rows) and self-intersection (columns)
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Non-power (cyclic, reduced) words in the punctured torus, 
organized by word length (rows) and self-intersection (columns)
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Non-power (cyclic, reduced) words in the punctured torus, 
organized by word length (rows) and self-intersection (columns)
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L integer -  Square with coordinates (L,SI)	
painted in black the there are no classes of  WL=L and SI=k.	
painted in light yellow the there are few classes of WL=L and SI=k.	
painted in dark red the there are many classes of WL=L and SI=k.

‹ ‹

0 1 2 3 4 5 6 7 8 9 10 11

8 16 24 52 76 116 156 136 104 90 40 0 0

Row 8 of SINS/CL table
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~202 /9=44.44…

Histogram of all (about 175,000,000) non-
power, free homotopy classes of word 

length 20 in the punctured torus organized 
by SI.

# 
of

 w
or

ds

SI

202/4 + 20/2 -1

Wrotten proved an analogous result for surfaces without boundary
Thm: (Lalley, C.)The distribution of self-intersection numbers of 
deformation classes of curves on a surface with boundary S sampling 
by word length L appropriately normalized, tends to a Gaussian with 
mean  𝞳L2 and variance to 𝛔2 L3 when the word length L goes to infinity.

Remark:   The expected value of intersections of n 
random chords in a disk (where a random chord is 
determined by two points independently and randomly 
placed on the circumference, with uniform distribution),  is 

n(n-1)/6  ~ n2/6	
The variance is 

n(n-1)(n+3)/45 ~ n3/45.

where 𝝌=1-n is the Euler characteristic of the surface. In other words, S 
is a surface with a surface word of 2n letters. 


The constants 𝞳 and 𝛔2  are

26

Word length/intersection 
number with curve w=abaBB,  

in the punctured torus abAB

CL\SIN 1 2 3 4 5

1

2 #	of	reduced	
non	power,	
words	v	of	

wl=2,	with	i(v,	
abaBB)=3	

3

4

If v and w are free homotopy 
clases of curves on a surface, 

i(v,w) is the smallest number of 
intersection points of pairs of 

representatives of a and b 
counted with multiplicity.
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Word length/intersection number with curve 
abaBB,  in the punctured torus 

Thm: (Rachel Zhang, now student at MIT.) Fix a free 
homotopy class w on a surface S. The distribution of 
intersection numbers of deformation classes of curves v 
with w,  sampling by word length L appropriately 
normalized, tends to a Gaussian with mean  𝞳L where 𝞳 is 
a rational number that depends on w.

‹
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C
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Geometric length sampling by word length   
(Joint with Keren Li and Bernie Maskit, 2013)

• Fix a metric on the pair of pants. 	
• Randomly choose 100,000 words of 100 letters.	
• Compute geometric length of each word .

‹

Theorem (2018 Gekhtman, Taylor, Tiozzo)
The distribution of the geometry length in a hyperbolic  pair of 
pants, sampling by word length approaches a Gaussian with 
mean κ · L and variance σ · L (for some positive constants κ 
and σ)   as the word length goes to infinity.

Some reasons why there is little diversity 
in math and some ideas to change this

Disclaimers: 
1. Math is my field. 
2. There is emphasis in women because this is 

the group I know better.  Many of the 
statements apply to other underrepresented 
groups (for instance, African American, 
LGTB, Latinos,  …)

31

• References to the articles mentioned here can be found at 
the end of these slides. 

• This (always evolving) talk is posted in my website. 
• Please send me any comment, suggestion, criticism, and 

relevant material, specially, anything that you found useful. 32

https://www.womendomath.org/research/

Faculty and grad students body in some top math departments  
(Data from 2015 AMS website)

% of female 
grad students

% tenured  
women

Harvard 9.1 5.6
Brown 32.6 5.6

MIT 17.8 7.9
Yale 10.7 9.1

Chicago 27.8 9.4
Princeton 28.6 10.0
Cornell 28.1 10.3

Stony Brook 11.3 11.4
CalTech 12.5 11.8

UUIC 35.1 11.9
Texas-Austin 36.5 13.3

Michigan 29.4 16.9

Why?

Why?

Why?
34

…and what can 
we do about it?

In 1870, Sofia Kovalevskaya 
took private lessons with Karl 
Weierstrass, since the university 
would not even allow her to 
audit classes.

There were obvious 

obstacles in the past

35
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Accumulation 
of 

disadvantage

40

When did women get the right to vote in the US?

The Voting Rights Act of 1965 prohibited a range of discriminatory state voting 
practices. 

The Supreme Court struck down part of the Voting Rights Act in Shelby County v. 
Holder (2013), holding that the racist practices which necessitated the law in 1965 

no longer present a problem in 2013.

 15th Amendment - 1870: "The right of citizens of the United States to vote 
shall not be denied or abridged by the United States or by any State on 

account of race, color, or previous condition of servitude."

19th amendment, 1920  “The right of citizens of the United States to vote 
shall not be denied or abridged by the United States or by any State on 

account of sex.

When did African-Americans get the right to vote in the US?

41

Searching for an illustration that would help me put things in perspective, 
went to google images once more and googled  

clipart of human evolution 

The conclusion seems to be the that humans evolved to be white 
and male… does this mean that some of us do not exist?….

43

Searching for an illustration that would help me put things in perspective, 
went to google images once more and googled  

clipart of human evolution 

Virginia Valian, 1998

Mountains are molehills piled one on top of the other

❖ nothing seems overtly wrong in most work 
situations, especially in academia and 
science, where the meritocratic ethos is so 
prominent.  

❖ People are often unable to perceive or assess 
how small imbalances can really add up.  

❖ Any single instance of bias is likely to be 
tiny, and someone might say, you're making 
a mountain out of a molehill.    
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Accumulation of disadvantage Accumulation of disadvantage
• Members of a simulated organization  were 

assigned a score with a normal distribution. 

• 1% of bias points were added to men. 

• At the lowest level of the pyramid there were 
as many women as there were men.  

• At the end of the simulation, top of the 
pyramid, the highest career level, the 
distribution was 65% men, 35% women. 

The cause for 
such  
distribution is 
the repeated 
disadvantage of 
1%.

Martell, David, Emrich, 1996
45
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Accumulation of 
disadvantage

  1924 :  
Most men ask "Is 
she pretty?" not "Is 
she clever?"

48

Contributions to 
the accumulation 
of disadvantage.  

1952

49

Contributions to 
the accumulation 
of disadvantage.  

2011
This mother’s day, 
Get back to the job 
that  really matters   

50

Contributions to 
the accumulation 
of disadvantage.  

1965

1934

2015
51

Contributions to 
the accumulation 
of disadvantage.  

52

1952 
Most people 
wouldn’t have 
anything  to 
object  to this 
dialog.

53

Contributions 
to the 

accumulation of 
disadvantage.  

Add that 
appeared in my 
Facebook page, 

on July 15, 
2020

54

Contributions 
to the 

accumulation of 
disadvantage.  



A princess lives in a row of seventeen adjacent rooms, each connected by a door 

to each room next to it. Each room also has a door to the outside. The princess enjoys the 

rooms but never stays in the same room two days in a row: at the end of each day she 

moves from the room she occupied to one of the rooms next to it (she chooses randomly). 

On the first of June a prince arrives from a faraway kingdom to woo the 

princess. The princess’s guardian explains the habits of the princess and the rules he 

must follow: Each day he may knock on a single outside door. If the princess is behind it she 

will open it and meet the prince. If not, the prince gets another chance the next day. 

Unfortunately the prince must return to his kingdom on July 1. Can he devise a strategy to 

make sure he meets the princess before then?
55

Contributions to 
the accumulation 
of disadvantage.  

Sexual 
Harassment 

56 57

❖ You (a student) are in a in  conference. A senior person 
approaches you and starts talking about the talk you both just 
attended.  You listen attentively, asking an occasional 
question. The senior person looks at you in the eyes and 
caresses your shoulder. 

❖ You (a student) are in a in  conference. Along the whole 
weekend, a  senior person sits at at your side in every talk 
and constantly fixates eyes on you.  

❖ You (a student) receive an offer of intimate nature from a 
senior person.

Is it sexual harassment? 
How would you proceed?

Unwanted sexual attention

Sexual coercion

Sexual harassment
sexist hostility:

crude harassment

Sexual Harassment of Women, Nac. Acad. Science, Med, and Eng., 2018

Both women and men can and do experience all three 
forms of sexual harassment, but some subgroups face 
higher rates than others (e.g. LGTB, POC)

gender harassment:

“come-ons”

“put-downs”

Impact ≠ Intent

Sexual harassment in academia
Academic workplaces are second only to the military in the rate 
of sexual harassment, with 58 percent of academic employees 
indicating they had such experiences, according to one study 
cited in the report. 

63

NYTimes-June 12 ,2018 about 
Nacional Academies for Sciences, Engineering and Medicine

“There is no evidence to suggest that 
current policies, procedures, and 

approaches have resulted in a significant 
reduction in sexual harassment,”



•Read the Callisto Survivor’s Guide.                              
www.projectcallisto.org/survivors-guide.pdf 

•Document as much as possible: Write it down with details, take 
pictures, save messages, emails.. If possible, document before 
talking to anybody, and with a time stamp.  

•Try to find people who went through the same situation. 

•Report when and if you are ready. 

•Tell a friend. 

•Talk to a therapist  

•Have an answer prepared

Sexual harassment in academia: Suggestions of what to do/advice

Inspired on  Sexual Harassment of Women Report, Nac. Acad. Science, Med, and Eng., 201864 65

Sexual harassment undermines women’s professional and 
educational attainment and mental and physical health. 

2018 Report by Nacional Academies for Sciences, Enginering and Medicine 

“The cumulative effect of sexual harassment is 
significant damage to research integrity and a costly 
loss of talent in academic sciences, engineering, and 

medicine.”

 …nothing seems overtly wrong in most work situations, 
especially in academia and science, where the meritocratic 
ethos is so prominent. (Valian, 1998)

We tend to believe,

What is, is what ought to be…

A typical math department from a research 
university

66

Naturalization of 
the status quo

Ellis, Fosdick, and Rasmussen, 2016

…students who were not going on to Calculus II choose from a list of 
potential reasons,

'I do not believe I understand the ideas of Calculus I 
well enough to take Calculus II.’

• Roughly twice as many women as men chose this as one of 
their reasons.  

• Previous research suggests that the perceived lack of 
understanding by women is not because women do not 
actually understand the material as well as men;

67

Lack of self-confidence
Origin Total %
US 16 45.7
Russia 8 22.9
British 2 5.7
China 2 5.7
Israel 2 5.7
Argentina 1 2.9
Germany 1 2.9
Netherlands 1 2.9
Romania 1 2.9
Italy 1 2.9

35 100.0

Stony Brook Math  Department Composition in 2015

68

Equal 
calls equal

Applicants to SB Math Dept.  2015

• In 2014-2015, 1214 Ph.D.s in 
pure math were granted in 
the US  

• 26% of those were granted to 
women. 

17%

69

https://www.census.gov/quickfacts/fact/table/US/HSG010219#HSG010219

Some groups 
disqualify 

themselves

Two American psychologists, Pauline Clance and Suzanne Imes, 
coined the term in 1978 

They described it as a feeling of “phoniness in people who 
believe that they are not intelligent, capable or creative 
despite evidence of high achievement.” While these people 
“are highly motivated to achieve,” they also “live in fear of 
being ‘found out’ or exposed as frauds.”

Two issues are sometimes merged under the impostor feeling 
umbrella: “feeling like a fraud” and “being treated like a fraud”. 

Implicit bias refers to the former.  
The latter is discuss in the following slides. 70

Imposter Syndrome or feeling
• Implicit bias manifests in expectations or assumptions 

about physical or social characteristics dictated by 
stereotypes that are based on a person’s race, gender, age, 
or ethnicity.  

• Many experiment suggest that people who intend to be fair, 
and believe they are egalitarian, apply biases unintentionally.  

• Some behaviors that result from implicit bias (…) can either 
can reduce the quality of the workforce or create an unfair and 
destructive environment.

Jo Handelsman and Natasha Sakraney 
(President Obama’s)White House Office of Science and Technology Policy 
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Implicit bias
Publishing in academia

❖ (…) men in academia publish more than women do, 

➡ Even when you control for productivity, men still 
advance more rapidly than women do.  

➡ Although men publish comparatively more papers, 
women's papers have a higher citation rate

Virginia Valian, 1998
72

Self-demands of perfection



We hypothesize that, across the 
academic spectrum, women are 
underrepresented in fields 
whose practitioners believe 
that raw, innate talent is the 
main requirement for success, 
because women are 
stereotyped as not possessing 
such talent. This hypothesis 
extends to African Americans’ 
underrepresentation as well, as 
this group is subject to similar 
stereotypes.

Leslie, Cimpian, Meyer, Freeland, 2015
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Expectations of 
brillancy Apologies for the praise to Moira Chas, 

which is not the point of this slide.

One of the initial difficulties I faced as a woman in math 
was the lack of a role model. Despite having kind and 
encouraging professors here at Stony Brook, (often) being 
the only woman in the class, and not having a single 
female math professor resulted in self doubt. I found it 
hard to believe that women are good enough for math, 
or that I am good enough for math. I blamed all my 
accomplishments on affirmative action. This all changed 
once I met Professor Moira Chas. Her passion for the 
subject, the vividness and enthusiasm with which she 
taught, dispelled every doubt I had with regard to the 
competence of women in math. Not only that, Moira 
helped, supported, and encouraged me through difficult 
times. I don’t think I would have been where I am if not for 
Moira, and I want to pay forward what she has given me. 

Role models

74

Lea Kenigsberg (extract from her 
essay for an NSF grant proposal)

Lack of role models

❖ Women may fear or suspect that their work will not be 
evaluated in same way a man's is, so they need more 
documentation to back up what they are saying. Men may be 
more willing to take a flier, to come up with some intriguing 
hypothesis for which they have relatively meager data and just 
put it out there to be proven true or false. Women may believe, 
perhaps correctly, that they are less likely to be given the benefit 
of the doubt, and that their off-the-cuff ideas will be dismissed as 
foolish. We associate risk-taking behavior with men, and we 
may be less tolerant of intellectual risk-taking in women.  

❖ In many professional situations, our gender schemas have the 
effect of making a man seem slightly more qualified and 
competent than he is, and a woman slightly less 

Valian, 199875

Gender schemas

❖ Remember and remind people that mistakes are 
valuable (if you learn from them). They help in the 
learning process and produce brain growth. (Jo Boaler) 

❖ Do not interpret a failure as “I am not good enough at 
this”. 

78

Ideas for change

79

Emphasize the “growth mindset” as opposed to the “fixed mindset”.

Ideas for change

❖ Offer  support to someone else who feels insecure. 
❖ Find a community. If you cannot find members of a 

community locally, follow a Twitter feed 
( #BLACKandSTEM or #womenandSTEM can serve 
as reassurance that they really do belong in science. )

80

Ideas for change

‹

Advocate for yourself. This includes  

• avoiding words such as ‘just’ and ‘only’ when describing 
your work, 

• use the ‘elevator talk’ to talk to your colleagues about your 
math interests and achievements.

Ideas for change



In the last 12 years, 
•  women made up, on average, 

24% of the bench,  
• 32% of interruptions were of the 

female justices,  
• 4% were by the female justices.

% Women %interrup. to  all women %interrup. to  each woman

1990 11.11% 35.70% 35.70%

2002 22.22% 45.30% 22.65%

2015 33.33% 65.90% 21.97%

Jacobi and Schweers, 2017
82

Ideas for change

“I noticed the female justices say things like,  

‘May I ask,’ or, ‘Excuse me,’  

before they actually get to the substance of their question, and that’s 
where they’re most commonly interrupted…”

Jacobi, 2017

❖  Do not apologize for every mistake, whether real or 
perceived. 

❖ Consider using a more assertive language.

84

Ideas for change

‹

In short, mathematics only exists in a living 
community of mathematicians that spreads 

understanding and breaths life into ideas both 
old and new.

Revolutionary change does matter, but 
revolutions are few, and they are not self-

sustaining --- they depend very heavily on the 
community of mathematicians.

Bill Thurston

The question of who is the first person 
to ever set foot on some square meter 

of land is really secondary.
❖ My own private mantra: “It’s not about me, it is about 

math” 
❖ Understand something really well and share it with 

others.
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Ideas for change

‹

Learn about gender schemas.
• Gender schemas are largely non conscious 

hypothesis we all have about the different 
characteristics of males and females.  

• We see females as nurturing, as communal, and 
as doing things out of concern for other people.  

• We see males as capable of independent action, 
doing things for a reason, and getting down to 
the business at hand.

Ideas for change

❖ Mathematicians are in eternal graduate students, always 
learning. We need to face this issues with the same spirit of 
“eternal learning”. 

❖ Research show that biases are stronger when we are tired, 
hungry…  

❖ Are we done?
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Ideas for change
❖ Not all members of these groups will be affected in 

the same way.  
❖ Non-members of these groups might be affected by 

the same or similar issues.  
❖ Outliers exists.  
❖ Problematic situations occur with certain frequency 

but not all the time, and affect not only members of 
underrepresented groups. 

90

This discussion is about a issues 
affecting certain groups of people, 
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Thanks

❖ Many people,  (mainly Virginia Valian and also Benson Farb, 
Amie Wilkinson,  Helen Grundman, Jean Taylor, Dennis 
Sullivan, Katrin Wehrheim, Moira Soto) gave me suggestions 
for this presentation. The final product is of course my 
responsibility.  

❖ Some of these slides are inspired in a talk by Abigail Stewart. 
https://www.drp-network.org/workshop-2018.html 
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