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Google Fires Engineer Who Wrote
Memo Questioning Women in Tech
By DAISUKE WAKABAYASHI AUG. 7, 2017

SAN FRANCISCO — Google on Monday fired a software engineer who wrote an

internal memo that questioned the company’s diversity efforts and argued that

the low number of women in technical positions was a result of biological

differences instead of discrimination.

The memo, called “Google’s Ideological Echo Chamber,” angered many in

Silicon Valley because it relied on certain gender stereotypes — like the notion

that women are less interested in high-stress jobs because they are more

anxious — to rationalize the gender gap in the tech industry. The memo quickly

spread outside the company, as other Google employees railed against many of

its assumptions.

In a companywide email, Google’s chief executive, Sundar Pichai, said

portions of the memo had violated the company’s code of conduct and crossed

the line “by advancing harmful gender stereotypes in our workplace.”

The memo put the company in a bind. On one hand, Google has long

promoted a culture of openness, with employees allowed to question senior

executives and even mock its strategy in internal forums. However, Google, like

many other technology firms, is dealing with criticism that it has not done

enough to hire and promote women and minorities.

One female Google engineer posted on Twitter upon reading the memo that

she would consider leaving the company unless the human resources

U.S.

Harvard Chief Defends His Talk on
Women
By SAM DILLON JAN. 18, 2005

Correction Appended

The president of Harvard University, Lawrence H. Summers, who offended

some women at an academic conference last week by suggesting that innate

differences in sex may explain why fewer women succeed in science and math

careers, stood by his comments yesterday but said he regretted if they were

misunderstood.

"I'm sorry for any misunderstanding but believe that raising questions,

discussing multiple factors that may explain a difficult problem, and seeking to

understand how they interrelate is vitally important," Dr. Summers said in an

interview.

Several women who participated in the conference said yesterday that they

had been surprised or outraged by Dr. Summers's comments, and Denice D.

Denton, the chancellor designate of the University of California, Santa Cruz,

questioned Dr. Summers sharply during the conference, saying she needed to

"speak truth to power."

Nancy Hopkins, a professor of biology at the Massachusetts Institute of

Technology who once led an investigation of sex discrimination there that led to

changes in hiring and promotion, walked out midway through Dr. Summers's

remarks.

"When he started talking about innate differences in aptitude between men

and women, I just couldn't breathe because this kind of bias makes me

physically ill," Dr. Hopkins said. "Let's not forget that people used to say that
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”… in the special case of science and engineering, there are
issues of intrinsic aptitude, and particularly of the variability
of aptitude …”
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Argued that the low number of women in technical
positions was a result of biological differences instead of
discrimination



Males and females are biologically 
distinguishable

NOT THE SAME AS 

People should be discriminated against 

on the basis of their gender



Tail ratios are affected by 
differences in variance

Darwin:  for many traits and species, males are the more variable gender

Even in cases where means are the same, the proportion of males at each end would 
be higher

Pinker, S. 2005, The Science of gender and science: a debate



Ratios more extreme at tails

Pinker, S. 2005, The Science of gender and science: a debate



Population sex differences in IQ at age 11: 
the Scottish mental survey 1932 

Dreary et al, Inteeligence (2003) 31, 533-5342

N=87,498
June 1st, 1932

95% of 11y olds



Overlapping normal distributions

Means may be different but at any point there are representatives of 
both genders

Pinker, S. 2005, The Science of gender and science: a debate



Wright DB, Skagerberg EM (2012) Measuring Empathizing 
and Systemizing  with a Large US Sample. PLoS ONE 7(2)

Empathazing and Systemizing

Systemizing is the drive to understand 
the rules governing the behaviour of a 
system and the drive to construct 
systems that are lawful. 

Empathizing is the drive to identify another
person’s thoughts or emotions, and to
respond to their mental states with an
appropriate emotion.



Gender differences – cognition

M ental rotation tasks

Herlitz, A et al 1999 Neuropsychol; 13: 590-97

Verbal fluency tasks



Spatial Ability

Mental rotation: Which of the figures labeled A to E 
are rotated versions of the figure in the box on the left.



Did you get it?



n = 2,500

NCP Parking report January 2012



Social behaviour - play

Boys > girls: vehicles, con-
struction & mechanical  toys

Girls > boys: Dolls, enacting social, 
and emotional themes Hines, M. Alexander G.M. Horm Behav. 2008: 54: 478–481



Social behaviour - play

Alexander GM, Hines M Evol Hum Behav (23) 2002 467-79



Clinical MR Imaging System



STRUCTURE

White matter

Grey matter

Segmentation



Grey matter – cortical volume
4y to 22y

m: n=99

f:   n=56

Giedd, JN et al Nature Neuroscience 2, 861 - 863 (1999)

Frontal grey matter Parietal grey matter

F  11y
M 12y



coronalaxial

GREY MATTER VOLUME



Multivariate Pattern Classification

NATURE REVIEWS | NEUROLOGY  VOLUME 10 | FEBRUARY 2014 | 85

Machine learning in investigative settings

Traditional neuroimaging techniques were mainly 

designed to reveal brain pathology by testing for dif-

ferences in average parameter values between two (or 

more) groups of participants, such as patients versus con-

trols, providing little information about the existence of 

neuropathology in specific individuals. Contemporary 

techniques based on both neuroimaging data and other 

biological information now make it possible to distin-

guish between groups of individuals in an automated 

fashion, and can also be used to identify certain aspects 

of pathology in specific patients (Figure 3). These so-

called multivariate pattern classification (MVPC) or 

machine-learning approaches24 are, therefore, particu-

larly suited for the phenotypic stratification of indi-

viduals with ASD, and are increasingly being tested 

and used in the clinical research setting. Although the 

total number of biologically defined ASD subgroups is 

currently unknown, research into the neurobiological 

background of ASD has highlighted several potential 

anatomical, functional, connectivity and neurochemi-

cal markers that could provide useful information for 

the phenotypic strati fication of individuals on the 

autism spectrum.

With respect to neuroanatomical and functional 

markers, the results of imaging studies suggest that the 

total brain volume in patients with ASD is enlarged 

during early childhood (2–5 years of age) compared with 

age-matched individuals, affecting both grey and white 

matter.9,25,26 Grey matter enlargement is most prominent 

in frontal and temporal cortices,27 and seems to be driven 

by an increase in cortical surface area rather than corti-

cal thickness.26 No significant enlargement of the brain 

(versus healthy controls) is typically observed during 

subsequent childhood28 and adulthood3 of these indi-

viduals, suggesting that ASD is accompanied by abnor-

mal early brain development or maturation. The onset of 

such abnormal brain growth in ASD is currently being 

explored in several longitudinal neuroimaging studies 

examining infants <1 year of age (before the threshold of 

2 years, after which making a reliable behavioural diag-

nosis is thought to be possible) who are considered to be 

at high risk of developing ASD (such as siblings of indi-

viduals with ASD). Researchers involved in one longi-

tudinal study noted a significantly increased rate of brain 

growth during early childhood (2–5 years) in children 

diagnosed as having ASD,25 whereas another group did 

not find increased brain growth rate during that period, 

and instead argued that the pathological perturbation 

must occur before the age of 2 years.26 

In addition to the above conflicting results, a further 

caveat is that although early brain overgrowth is observed 

in a large percentage (estimated to be as high as 90%29) of 

children with ASD, it does not affect all individuals with 

the condition. These studies reveal considerable pheno-

typic variation among individuals with ASD, which is 

apparent even when examining large-scale measures of 

cortical pathology, such as total brain volume. Along 
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Feature 2
(e.g. DTI)
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Discrimination
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…
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Figure 3 | Multivariate pattern classification can discriminate between multiple subgroups of ASD on the basis of 

neuroimaging data. a | Pattern classification models are initially trained (Phase 1) on well-characterized data obtained by 

structural MRI, DTI and/ or PET, to derive potentially discriminative patterns of features. b | These patterns can then be 

used to determine whether patients in the validation cohort should be assigned to the ASD or control groups (Phase 2). 

The predictive value of pattern classification techniques makes this approach particularly suited for the development of 

MRI-based biomarkers that can be used for phenotypic stratification of patients with ASD. Abbreviations: ASD, autism 

spectrum disorder; sMRI, structural MRI; DTI, diffusion tensor imaging.
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Cortical thickness

n=47

n=51

Accuracy: 70%

34% NT females 
misclassified as 
NT male

26% NT males
misclassified as 
NT female

Ecker C. et al. JAMA Psychiatry Feb 8 2017 



White matter



Catani et al Ann Neurol. 2005 57:8-16

The Arcuate Fasciculus



The Arcuate Fasciculus

Catani	et	al.,	PN AS	2007;	104,	17163 -17168

CVLT is that lists of words are easier to remember if they are
broken down by using a strategy of grouping them into semantic
categories. After the first trial, thesame16-word list isreread aloud
by the examiner, and the examinee isasked to recall again asmany
words as possible. The same procedure is used for the remaining
three trials. Overall, total recall (i.e., the number of wordscorrectly
recalled of 80) waslower for subjectswith extremeleft lateralization
(Group 1) (53.5 6) than for those with bilateral, symmetrical
(Group 3) (68.2 5.3; P 0.001), or asymmetrical patterns(Group
2) (61.7 7; P 0.01) (Fig. 2C). Thus, a more symmetrical pattern
wasassociated with better performance on the CVLT. There were
no significant differences among the three groups in performance
on any of the other neuropsychological tests performed.

Gender Differences in the Lateralizat ion Pat tern. A preliminary
analysis was performed to assess gender dif ferences in the
anatomy of perisylvian language pathways. Fig. 2D shows the
difference in the distribution of lateralization pattern between
the two genders(Fisher’sexact test 8.496; P 0.018). Overall,
males showed a greater leftward lateralization (mean lateraliza-
tion index 1.52 0.64) compared with females (mean
lateralization index 1.07 0.72) (P 0.05). Despite the
anatomical differences, both genders showed a significant cor-
relation between the pattern of lateralization of the direct
segment and the per formances in the CVLT (Fig. 2E). Thus in

males, Group 1 performed worse than Group 2 (P 0.05); in
females, Group1 performed worse than Group 2 (P 0.05) and
Group 3 (P 0.01).

There were no differences between the genders (SI Table 1)
in the lateralization index of the fractional anisotropy valuesand
no correlation between the fractional anisotropy values and
neuropsychological per formances after correction for multiple
comparisons (SI Table 2).

Discussion

DT-MRI tractography is the only technique that allows the
identification of large pathways and assessment of microstruc-
tural integrity of white matter in the living human brain (29).
Hence, we used DT-MRI tractography to look for correlation
between symmetries within white matter of the language system
and behavioral per formances.

Previous studies have shown direct correspondence between
tractography-derived anatomy of white matter pathways and
classical postmortem descriptions (30, 31). Nevertheless, it is
important to note that DT-MRI tractography offers, at best, only
indirect indices of tissue properties, and therefore there is
uncertainty in the correspondence between tractography mea-
surements (e.g., number of reconstructed pathways) and under-
lying biological factors (e.g., number of axons, degree of myeli-
nation, etc.). We therefore do not assume that our findings are

Fig. 2. Lateralizat ion of language pathways and behavioral correlates. (A) Dist ribut ion of the lateralizat ion pat tern of the direct long segment (red). (B)

Signifi cant correlat ion between the lateralizat ion index (streamlines) of the direct segment and performances on the CVLT (number of wordscorrect ly recalled

of 80). (C) Performances in the CVLT according to the three lateralizat ion groups (* , P 0.01 vs. Group 1; †, P 0.001 vs. Group 1). (D) Dist ribut ion of the

lateralizat ion groupsbetween genders. (E) Performances in the CVLT according to the lateralizat ion pat tern and gender (st riped colorsare females) (* , P 0.05

vs. Group 1; †, P 0.01 vs. Group 1; ‡, P 0.05 vs. Group 1).

Catani et al. PNAS October 23, 2007 vol. 104 no. 43 17165

N
E
U

R
O

S
C

IE
N

C
E

CVLT is that lists of words are easier to remember if they are
broken down by using a strategy of grouping them into semantic
categories. After the first trial, the same16-word list isreread aloud
by the examiner, and the examinee isasked to recall again asmany
words as possible. The same procedure is used for the remaining
three trials. Overall, total recall (i.e., the number of wordscorrectly
recalled of 80) waslower for subjectswith extremeleft lateralization
(Group 1) (53.5 6) than for those with bilateral, symmetrical
(Group 3) (68.2 5.3; P 0.001), or asymmetrical patterns(Group
2) (61.7 7; P 0.01) (Fig. 2C). Thus, a more symmetrical pattern
wasassociated with better performance on the CVLT. There were
no significant differences among the three groups in performance
on any of the other neuropsychological tests performed.

Gender Differences in the Lateralizat ion Pat tern. A preliminary
analysis was per formed to assess gender differences in the
anatomy of perisylvian language pathways. Fig. 2D shows the
difference in the distribution of lateralization pattern between
the two genders(Fisher’sexact test 8.496; P 0.018). Overall,
males showed a greater leftward lateralization (mean lateraliza-
tion index 1.52 0.64) compared with females (mean
lateralization index 1.07 0.72) (P 0.05). Despite the
anatomical differences, both genders showed a significant cor-
relation between the pattern of lateralization of the direct
segment and the per formances in the CVLT (Fig. 2E). Thus in

males, Group 1 per formed worse than Group 2 (P 0.05); in
females, Group1 per formed worse than Group 2 (P 0.05) and
Group 3 (P 0.01).

There were no dif ferences between the genders (SI Table 1)
in the lateralization index of the fractional anisotropy valuesand
no correlation between the fractional anisotropy values and
neuropsychological per formances after correction for multiple
comparisons (SI Table 2).

Discussion

DT-MRI tractography is the only technique that allows the
identification of large pathways and assessment of microstruc-
tural integrity of white matter in the living human brain (29).
Hence, we used DT-MRI tractography to look for correlation
between symmetries within white matter of the language system
and behavioral per formances.

Previous studies have shown direct correspondence between
tractography-derived anatomy of white matter pathways and
classical postmortem descriptions (30, 31). Nevertheless, it is
important to note that DT-MRI tractography offers, at best, only
indirect indices of tissue properties, and therefore there is
uncertainty in the correspondence between tractography mea-
surements (e.g., number of reconstructed pathways) and under-
lying biological factors (e.g., number of axons, degree of myeli-
nation, etc.). We therefore do not assume that our findings are

Fig. 2. Lateralizat ion of language pathways and behavioral correlates. (A) Dist ribut ion of the lateralizat ion pat tern of the direct long segment (red). (B)

Signifi cant correlat ion between the lateralizat ion index (st reamlines) of the direct segment and performances on the CVLT (number of wordscorrect ly recalled

of 80). (C) Performances in the CVLT according to the three lateralizat ion groups (* , P 0.01 vs. Group 1; †, P 0.001 vs. Group 1). (D) Dist ribut ion of the

lateralizat ion groupsbetween genders. (E) Performances in the CVLT according to the lateralizat ion pat tern and gender (st riped colorsare females) (* , P 0.05

vs. Group 1; †, P 0.01 vs. Group 1; ‡, P 0.05 vs. Group 1).

Catani et al. PNAS October 23, 2007 vol. 104 no. 43 17165

N
E
U

R
O

S
C

IE
N

C
E



FUNCTION



Language processing

Shaywitz et al 1995, Nature, 373, 607 

Male Female



Sex Chromosomes

Y chromosome is on the left, larger X chromosome is on the right



Turner syndrome (XO)

- Difficulty reading facial expression (fear)

- Avoid eye contact

- Higher risk of autism



Sex hormones



Testosterone



Personality
Empathy

Chapman 2006, Soc. Neurosci. 1, 135-148

Male = 100
Female = 93



Congenital Adrenal Hyperplasia 
(CAH)



CAH - Play

V.L. Pasterski et al. Child Dev. 76 (2005), 264–278

M. Hines et al., J. Sex Res. 41 (2004), pp. 75–81 



Cortisol

1
1
β

-H
S

D
2

Stress

Maternal         Placenta          Fetal

Cortisol

Cortisol

Cortisol
Cortisol

Cortisol
Cortisol

Cortisol
Cortisol

Cortisol
Cortisol

Cortisone



Nemoda, Z., Szyf, M.,  Birth Defects Research 109:888–897, 2017 

Cortisol



Maternal Prenatal Trait Anxiety

Spearman correlation : r=.17, p=.059



AUTISM SPECTRUM DISORDER



Bias / Underdiagnosed

• ASD - different behavioural phenotype 
- Less comorbid challenging behaviours

- Less abnormal special interests 

- Less stereotypic behaviours during play 

- Better superficial social skills and language

- Increased demand avoidance and extreme determination 





Autism - Extreme Male Brain

(SQ)





Autistic traits

Auyeung et al Br J Psychol 2009,100, 1-22 



Danish Cohort
Boys born 1993 -1999 

Baron-Cohen, S. et al, Mol. Psych. 2015 20, 369-76



Prenatal maternal stress & ASD risk

Manzari N. et al. Social Psychiatry & Psychiatric Epidemiology · April 2020 



Cortical thickness – Neurotypical (NT)

n=47

n=51

Accuracy: 70%

34% NT females 
misclassified as 
NT male

26% NT males
misclassified as 
NT female

Ecker C. et al. JAMA Psychiatry Feb 8 2017 



n=49

n=49

*80% ASD females  
misclassified as 
NT male

20% (ns) ASD males 
misclassified as 
NT females 

Ecker C. et al. JAMA Psychiatry Feb 8 2017 

Cortical thickness - ASD



Cortical thickness - ASD

n=49

n=49

80% ASD females  
classified as female

82% ASD males 
classified as males 

Ecker C. et al. JAMA Psychiatry 2019  







Excitation > Inhibition imbalance in ASD Men

Trakoshis, S., et al,  eLife 2020

vmPFC



Excitation > Inhibition imbalance in ASD Men

Trakoshis, S., et al,  eLife 2020

vmPFC



WHITE MATTER VOLUME

Lai, M-C et al Brain, 2013: 136; 2799–2815 

NT female = 30
NT male = 30
ASD female = 30
ASD male = 30
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1. Males and females with ASD have different structural 

neuro-phenotypes?

2. Males and females with ASD have similar structural neuro-

phenotypes but the methodology applied so far has not been 

able to detect this?

3. Some males and females with ASD have similar structural 

neuro-phenotypes but the heterogeneity of the disorder has 

not been able to detect this?

WHAT’S GOING ON?



SUMMARY

- Sex differences Neurotypical

Autism Spectrum Disorders

- Mechanism Sex Chromosomes                               
Sex Hormones

(Stress hormones)

- Brain imaging Grey & white matter


