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Some trends in STEM
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WHAT IS GOING ON?



Women are not good at it



Larry Summers
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Larry Summers
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James Damore
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Women are put off by
competitiveness and 

meanness



The House MD view of science
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Something about not 
wearing makeup or smiling 

more



James Watson

11





CAN DATA HELP US 
SELECT FROM AMONG 
THESE HYPOTHESES?



Role of collaboration
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Increasing
experience of 
team members

Decreasing 
probability of 
repeating  
collaborations



Role of mentorship
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k < 3 3 ≤ k < 10 K ≥ 10

1st third of 
career

37% larger --- 29% larger

2nd third of 
career

37% larger --- ---

3rd third of 
career

37% larger --- 31% 
smaller

k is total  
number of 
proteges
from Math 
Genealogy



Role of bias

16

Average  number of yearly publications
vs. 

Resources



Role of bias
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Typical impact 
vs. 

Career risk





HOW TO DISENTANGLE 
DIFF. ABILITIES AND 
INTERESTS FROM 

BIAS?



Dream Jobs

20

New research conducted on 
behalf of Junior 
Achievement and EY shows 
that a surprising 91 percent 
of teenage boys and girls 
ages 13-17 know what kind 
of job they want after they 
graduate from high school.

https://janorthflorida.wordpress.com/2017/06/29/2017-teens-careers-survey-by-junior-achievement-usa/



Who…
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Is better at acting, has the greater range, has the most success, …



Case for 50% females in movie casts
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Women want to be in movies

Many women are recognized as extraordinary actors

No actor works 365 days/year on a movie

World is 50% female 



Case against 50% females in movie casts
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Movies makers do not want to tell stories about women

…

…

Women are being discriminated against



LET THE DATA SPEAK



Hundred years at a snapshot

25 Figure 1: Historical trends of gender imbalance in the U.S. movie industry. (a) Timeline of 20th
century events relevant to the evolution of the U.S. movie industry. Red bars identify major wars with U.S.
involvement (chronologically, World War I, World War II, Korean war, and Vietnam war). Light peach bars
show the peak of the feminism waves in the U.S. Orange shadings indicate the rates of TV adoption in U.S.
households (from unsaturated to saturated: < 30%, < 60%, < 90%) [25]. Light blue shadings identify, from
less to more saturated, MPPC control [18], consolidation of the Hollywood studio system, and studio system’s
heyday [16]. (b) Number of U.S.-produced movies released annually considered in our study. See Fig. S1
for breakdown by movie genre. (c) Concentration of the industry’s output by producing company/studio as
measured by the Gini coefficient [42]. Larger values indicate that a larger fraction of movies are produced by
a smaller number of studios. We observe an increase of the of the degree of concentration during the period
of control of the industry by MPPC. The degree of concentration reaches a minimum in 1922 from which it
grows until 1944. These trends are consistent with current understanding of the consolidation and golden age
of the Hollywood studio system [18, 16]. (d) Temporal dependence of the percentage of females according to
movie-making function. Solid lines indicate average values and the color bands show 95% confidence intervals.
The red dashed lines show the highest value of female representation attained prior to 1940, and the red
dotted lines show the lowest value attained after 1930. For all movie-making functions there is a similar
“U-shape” of the time dependence with an early maximum achieved prior to 1922, a minimum reached between
1940 and 1960, and a later increase starting during the 1960s. See Fig. S2 for cast female representation by
movie genre.
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Female representation
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Figure 1: Historical trends of gender imbalance in the U.S. movie industry. (a) Timeline of 20th
century events relevant to the evolution of the U.S. movie industry. Red bars identify major wars with U.S.
involvement (chronologically, World War I, World War II, Korean war, and Vietnam war). Light peach bars
show the peak of the feminism waves in the U.S. Orange shadings indicate the rates of TV adoption in U.S.
households (from unsaturated to saturated: < 30%, < 60%, < 90%) [25]. Light blue shadings identify, from
less to more saturated, MPPC control [18], consolidation of the Hollywood studio system, and studio system’s
heyday [16]. (b) Number of U.S.-produced movies released annually considered in our study. See Fig. S1
for breakdown by movie genre. (c) Concentration of the industry’s output by producing company/studio as
measured by the Gini coefficient [42]. Larger values indicate that a larger fraction of movies are produced by
a smaller number of studios. We observe an increase of the of the degree of concentration during the period
of control of the industry by MPPC. The degree of concentration reaches a minimum in 1922 from which it
grows until 1944. These trends are consistent with current understanding of the consolidation and golden age
of the Hollywood studio system [18, 16]. (d) Temporal dependence of the percentage of females according to
movie-making function. Solid lines indicate average values and the color bands show 95% confidence intervals.
The red dashed lines show the highest value of female representation attained prior to 1940, and the red
dotted lines show the lowest value attained after 1930. For all movie-making functions there is a similar
“U-shape” of the time dependence with an early maximum achieved prior to 1922, a minimum reached between
1940 and 1960, and a later increase starting during the 1960s. See Fig. S2 for cast female representation by
movie genre.
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Figure S2: Historical trends of gender imbalance in the U.S. movie industry. Temporal dependence
of the percentage of females actors according to movie genre. Solid lines indicate average values and the color
bands show 95% confidence intervals. The red dashed lines highlight the highest value of female representation
attained prior to 1940, whereas the red dotted lines highlight the lowest value attained after 1930. For all
genres with sufficient number of movies, we find a similar “U-shape” of the time dependence with an early
maximum achieved prior to 1922, a minimum reached between 1940 and 1960, and a later increase starting
during the 1960s.

22



Producers
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Figure 1: Historical trends of gender imbalance in the U.S. movie industry. (a) Timeline of 20th
century events relevant to the evolution of the U.S. movie industry. Red bars identify major wars with U.S.
involvement (chronologically, World War I, World War II, Korean war, and Vietnam war). Light peach bars
show the peak of the feminism waves in the U.S. Orange shadings indicate the rates of TV adoption in U.S.
households (from unsaturated to saturated: < 30%, < 60%, < 90%) [25]. Light blue shadings identify, from
less to more saturated, MPPC control [18], consolidation of the Hollywood studio system, and studio system’s
heyday [16]. (b) Number of U.S.-produced movies released annually considered in our study. See Fig. S1
for breakdown by movie genre. (c) Concentration of the industry’s output by producing company/studio as
measured by the Gini coefficient [42]. Larger values indicate that a larger fraction of movies are produced by
a smaller number of studios. We observe an increase of the of the degree of concentration during the period
of control of the industry by MPPC. The degree of concentration reaches a minimum in 1922 from which it
grows until 1944. These trends are consistent with current understanding of the consolidation and golden age
of the Hollywood studio system [18, 16]. (d) Temporal dependence of the percentage of females according to
movie-making function. Solid lines indicate average values and the color bands show 95% confidence intervals.
The red dashed lines show the highest value of female representation attained prior to 1940, and the red
dotted lines show the lowest value attained after 1930. For all movie-making functions there is a similar
“U-shape” of the time dependence with an early maximum achieved prior to 1922, a minimum reached between
1940 and 1960, and a later increase starting during the 1960s. See Fig. S2 for cast female representation by
movie genre.
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And other functions
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Figure 1: Historical trends of gender imbalance in the U.S. movie industry. (a) Timeline of 20th
century events relevant to the evolution of the U.S. movie industry. Red bars identify major wars with U.S.
involvement (chronologically, World War I, World War II, Korean war, and Vietnam war). Light peach bars
show the peak of the feminism waves in the U.S. Orange shadings indicate the rates of TV adoption in U.S.
households (from unsaturated to saturated: < 30%, < 60%, < 90%) [25]. Light blue shadings identify, from
less to more saturated, MPPC control [18], consolidation of the Hollywood studio system, and studio system’s
heyday [16]. (b) Number of U.S.-produced movies released annually considered in our study. See Fig. S1
for breakdown by movie genre. (c) Concentration of the industry’s output by producing company/studio as
measured by the Gini coefficient [42]. Larger values indicate that a larger fraction of movies are produced by
a smaller number of studios. We observe an increase of the of the degree of concentration during the period
of control of the industry by MPPC. The degree of concentration reaches a minimum in 1922 from which it
grows until 1944. These trends are consistent with current understanding of the consolidation and golden age
of the Hollywood studio system [18, 16]. (d) Temporal dependence of the percentage of females according to
movie-making function. Solid lines indicate average values and the color bands show 95% confidence intervals.
The red dashed lines show the highest value of female representation attained prior to 1940, and the red
dotted lines show the lowest value attained after 1930. For all movie-making functions there is a similar
“U-shape” of the time dependence with an early maximum achieved prior to 1922, a minimum reached between
1940 and 1960, and a later increase starting during the 1960s. See Fig. S2 for cast female representation by
movie genre.
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Impact of producers and directors
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Figure 1: Historical trends of gender imbalance in the U.S. movie industry. (a) Timeline of 20th
century events relevant to the evolution of the U.S. movie industry. Red bars identify major wars with U.S.
involvement (chronologically, World War I, World War II, Korean war, and Vietnam war). Light peach bars
show the peak of the feminism waves in the U.S. Orange shadings indicate the rates of TV adoption in U.S.
households (from unsaturated to saturated: < 30%, < 60%, < 90%) [25]. Light blue shadings identify, from
less to more saturated, MPPC control [18], consolidation of the Hollywood studio system, and studio system’s
heyday [16]. (b) Number of U.S.-produced movies released annually considered in our study. See Fig. S1
for breakdown by movie genre. (c) Concentration of the industry’s output by producing company/studio as
measured by the Gini coefficient [42]. Larger values indicate that a larger fraction of movies are produced by
a smaller number of studios. We observe an increase of the of the degree of concentration during the period
of control of the industry by MPPC. The degree of concentration reaches a minimum in 1922 from which it
grows until 1944. These trends are consistent with current understanding of the consolidation and golden age
of the Hollywood studio system [18, 16]. (d) Temporal dependence of the percentage of females according to
movie-making function. Solid lines indicate average values and the color bands show 95% confidence intervals.
The red dashed lines show the highest value of female representation attained prior to 1940, and the red
dotted lines show the lowest value attained after 1930. For all movie-making functions there is a similar
“U-shape” of the time dependence with an early maximum achieved prior to 1922, a minimum reached between
1940 and 1960, and a later increase starting during the 1960s. See Fig. S2 for cast female representation by
movie genre.
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Actors [All] Actors [Credited] Writers†

1920–1960 1960–2010 1920–1960 1960–2010 1920–1960 1960–2010

No. observations 10,796 9,668 10,796 9,668 277 3,848

adj-R2 0.217 0.130 0.190 0.118 0.105 0.339

Intercept
25.0⇤⇤⇤

[24.4, 25.6]

29.7⇤⇤⇤

[29.0, 30.4]

27.9⇤⇤⇤

[27.2, 28.5]

30.2⇤⇤⇤

[29.5, 30.9]

10

[-1, 23]

5.6⇤⇤⇤

[3.2, 8.1]

% Producers
0.058⇤⇤⇤

[0.035, 0.081]

0.070⇤⇤⇤

[0.054, 0.085]

0.03

[0.01, 0.06]

0.065⇤⇤⇤

[0.048, 0.081]

0.1

[-0.1, 0.2]

0.19⇤⇤⇤

[0.15, 0.24]

% Directors
0.05

[0.01, 0.08]

0.080⇤⇤⇤

[0.067, 0.094]

0.0

[0.0, 0.1]

0.09⇤⇤⇤

[0.07, 0.10]

0.51⇤⇤⇤

[0.31, 0.71]

0.51⇤⇤⇤

[0.49, 0.54]

Action
-3.8⇤⇤⇤

[-4.6, -3.0]

-6.2⇤⇤⇤

[-7.2, -5.2]

-4.4⇤⇤⇤

[-5.3, -3.5]

-6.3⇤⇤⇤

[-7.3, -5.2]

-12

[-27, 2]

-3

[-6, 0]

Adventure
-3.6⇤⇤⇤

[-4.4, -2.8]

-5.1⇤⇤⇤

[-6.2, -4.0]

-4.0⇤⇤⇤

[-4.8, -3.1]

-5.3⇤⇤⇤

[-6.5, -4.1]

7

[-6, 21]

-1

[-4, 2]

Comedy
2.0⇤⇤⇤

[1.4, 2.6]

2.6⇤⇤⇤

[1.9, 3.3]

2.7⇤⇤⇤

[2.1, 3.4]

2.5⇤⇤⇤

[1.7, 3.2]

3

[-7, 13]

-1

[-3, 0]

Crime
-4.1⇤⇤⇤

[-4.8, -3.4]

-3.4⇤⇤⇤

[-4.4, -2.5]

-3.9⇤⇤⇤

[-4.6, -3.1]

-3.6⇤⇤⇤

[-4.6, -2.6]

0

[-12, 11]

-2

[-5, 0]

Drama
1.8⇤⇤⇤

[1.2, 2.3]

2.3⇤⇤⇤

[1.7, 3.0]

2.4⇤⇤⇤

[1.8, 3.1]

2.5⇤⇤⇤

[1.8, 3.2]

6

[-4, 16]

0

[-2, 2]

Music
0

[-1, 1]

-4.2⇤⇤⇤

[-5.7, -2.7]

0

[-1, 1]

-5.1⇤⇤⇤

[-6.8, -3.5]

-7

[-21, 7]

2

[-2, 6]

Musical
4.2⇤⇤⇤

[3.3, 5.1]

3

[1, 5]

3.4⇤⇤⇤

[2.5, 4.4]

4⇤

[1, 6]

-14

[-30, 2]

-6

[-13, 1]

Romance
1.9⇤⇤⇤

[1.3, 2.4]

3.1⇤⇤⇤

[2.2, 3.9]

2.8⇤⇤⇤

[2.3, 3.4]

3.4⇤⇤⇤

[2.5, 4.2]

4

[-5, 12]

4.8⇤⇤⇤

[2.8, 6.8]

Thriller
-2.5⇤⇤⇤

[-3.5, -1.5]

1

[0, 2]

-1

[-2, 0]

1

[0, 2]

-8

[-23, 6

-4⇤⇤

[-6, -2]

Western
-11.1⇤⇤⇤

[-11.8, -10.4]

-11.5⇤⇤⇤

[-13.1, -10.0]

-9.6⇤⇤⇤

[-10.4, -8.9]

-11.1⇤⇤⇤

[-12.8, -9.4]

7

[-5, 19]

-11⇤

[-18, -4]

⇤ p < 0.05, ⇤⇤ p < 0.01, ⇤⇤⇤ p < 0.001
† Fit for writers excludes movies with percentage of female producers smaller than 2%.

Table 1: Multivariate OLS regressions on female percentage in producing and directing plus genre are able to explain a significant
fraction of the data dispersion for acting and writing.
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Impact of producers

31
Figure 1: Historical trends of gender imbalance in the U.S. movie industry. (a) Timeline of 20th
century events relevant to the evolution of the U.S. movie industry. Red bars identify major wars with U.S.
involvement (chronologically, World War I, World War II, Korean war, and Vietnam war). Light peach bars
show the peak of the feminism waves in the U.S. Orange shadings indicate the rates of TV adoption in U.S.
households (from unsaturated to saturated: < 30%, < 60%, < 90%) [25]. Light blue shadings identify, from
less to more saturated, MPPC control [18], consolidation of the Hollywood studio system, and studio system’s
heyday [16]. (b) Number of U.S.-produced movies released annually considered in our study. See Fig. S1
for breakdown by movie genre. (c) Concentration of the industry’s output by producing company/studio as
measured by the Gini coefficient [42]. Larger values indicate that a larger fraction of movies are produced by
a smaller number of studios. We observe an increase of the of the degree of concentration during the period
of control of the industry by MPPC. The degree of concentration reaches a minimum in 1922 from which it
grows until 1944. These trends are consistent with current understanding of the consolidation and golden age
of the Hollywood studio system [18, 16]. (d) Temporal dependence of the percentage of females according to
movie-making function. Solid lines indicate average values and the color bands show 95% confidence intervals.
The red dashed lines show the highest value of female representation attained prior to 1940, and the red
dotted lines show the lowest value attained after 1930. For all movie-making functions there is a similar
“U-shape” of the time dependence with an early maximum achieved prior to 1922, a minimum reached between
1940 and 1960, and a later increase starting during the 1960s. See Fig. S2 for cast female representation by
movie genre.

15

Figure S3: Impact of producer and director gender on the gender balance of other movie-making
functions. (a) Impact of fraction of female producers, regardless of title, on fraction of females for five
movie-making functions. In all cases, we find a very highly-significant relationship. For fraction of females in
cast (all and credited), and writers, the data is consistent with a linear relationship. For fraction of female
directors and cinematographers, the data is consistent with a logistic relationship. For casting directors,
we find that for a fraction of female producers smaller than 10% the fraction of female increases, but that
it becomes constant for greater fractions of female producers. (b) Impact of director gender, on fraction
of females for four movie making functions. In all cases, we find a very highly-significant relationship
(Mann-Whitney test, p < 0.000001). For cast and casting directors, we find that the gender representation
is more equitable when the director is female. For screenwriters, the fraction of females is so small when
the director is male (for more than 75% of the cases the fraction is zero), that we instead show the average
fraction of female screenwriters For cinematographers, the fraction of females is even smaller, so we plot the
probability of having a female cinematographer versus gender of director. For male directors, the probability
is 0.85%, whereas for female directors it is 12.48%.
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Transitions from acting to producing
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Figure 1: Historical trends of gender imbalance in the U.S. movie industry. (a) Timeline of 20th
century events relevant to the evolution of the U.S. movie industry. Red bars identify major wars with U.S.
involvement (chronologically, World War I, World War II, Korean war, and Vietnam war). Light peach bars
show the peak of the feminism waves in the U.S. Orange shadings indicate the rates of TV adoption in U.S.
households (from unsaturated to saturated: < 30%, < 60%, < 90%) [25]. Light blue shadings identify, from
less to more saturated, MPPC control [18], consolidation of the Hollywood studio system, and studio system’s
heyday [16]. (b) Number of U.S.-produced movies released annually considered in our study. See Fig. S1
for breakdown by movie genre. (c) Concentration of the industry’s output by producing company/studio as
measured by the Gini coefficient [42]. Larger values indicate that a larger fraction of movies are produced by
a smaller number of studios. We observe an increase of the of the degree of concentration during the period
of control of the industry by MPPC. The degree of concentration reaches a minimum in 1922 from which it
grows until 1944. These trends are consistent with current understanding of the consolidation and golden age
of the Hollywood studio system [18, 16]. (d) Temporal dependence of the percentage of females according to
movie-making function. Solid lines indicate average values and the color bands show 95% confidence intervals.
The red dashed lines show the highest value of female representation attained prior to 1940, and the red
dotted lines show the lowest value attained after 1930. For all movie-making functions there is a similar
“U-shape” of the time dependence with an early maximum achieved prior to 1922, a minimum reached between
1940 and 1960, and a later increase starting during the 1960s. See Fig. S2 for cast female representation by
movie genre.
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THIS IS NOT A 
UNIQUE CASE



Computer Science
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Computer Science
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English fiction writing
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http://culturalanalytics.org/2018/02/the-transformation-
of-gender-in-english-language-fiction/



Midwifery
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https://www.registerednursing.org/answers/history-midwifery/

Beginning in the early 1800s, middle-class families started using doctors for 
childbirth. 

As anesthesia became more widely used towards the end of the 1800s and 
early 1900s, delivery began shifting to hospitals.

By 1900, physicians were attending about half of the nation's births. Midwives 
were only used for those who could not afford a doctor. 



Lessons

Research suggests that periods in which an industry grows in 
importance, with increasing financial rewards, and with greater 

consolidation, are particularly susceptible to collapses of 
diversity.

And to History being re-written.

Discrimination is still real and ongoing



PROMPTING  IS  CURRENTLY 
THANK YOU!

NORTHWESTERN  MEMORIAL


