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Women are well-represented in social science (62.6% of 

PhDs in sociology and 71.4% of PhDs in psychology are 

women)

However, women are very underrepresented in physics, 

especially particle physics (13.4% of PhDs in EPP are 

women)
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Recommendation letters are central to academic hiring, where a 
single negative comment in a letter can derail a candidate

Letters of Recommendation Have Been 
Implicated in Women’s Underrepresentation
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Women receive shorter, less praise-worthy letters
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“A vast literature of sociology research shows time after time, women in 

science are deemed to be inferior to men and are evaluated as less 

capable when performing similar or even identical work. This systemic 

devaluation of women results in an array of real consequences: shorter, 

less praise-worthy letters of recommendation; fewer research grants, 

awards, and invitations to speak at conferences; and lower citation rates 

for their research. Such wide-ranging devaluation of women's work 

makes it harder for them to progress in the field….. These are just a few 

of the hundreds of peer-reviewed studies that clearly show, on average, 

the bar is set higher for women in science than for their male 

counterparts.” (Coil, 2017)



Women receive weaker letters
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“Women in academia contribute more labor for less credit on 

publications, receive less compelling letters of recommendation, are 

expected to do more service work, receive systematically lower teaching 

evaluations despite no differences in teaching effectiveness …receive 

less start-up funding as biomedical scientists … (Publications)led by 

women take longer to publish and are cited less often …(and) are 

accepted more frequently when reviewers are blinded to the identities of 

the authors…When fictitious or real people are presented as women in 

randomized experiments, they receive lower ratings of competence from 

scientists, worse teaching evaluations from student)…In sum, there is 

considerable evidence that women face persistent barriers in academia 

and science.” (Witteman et al., 2019, The Lancet, p. 531)

c



Studies have shown that letters written on behalf of women
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◈ “...are half as likely as male candidates to receive an excellent letter 
compared to a good letter or to have ‘standout’ adjectives like 
‘excellent’, ‘outstanding’ or ‘amazing’”(18, 27).

◈ contain more “grindstone” words, like “hard-working” and “reliable” 
(18, 21-24).

◈ contain more “communal” or other-oriented words, like 
“cooperative” and “nurturing”(19, 23). 

◈ Writers are “more likely to use words like ‘outstanding,’ ‘amazing,’ 
and ‘unmatched’ to describe men and more likely to use ‘grindstone’ 
words like ‘dependable’, ‘hardworking’, and ‘careful’ to describe 
women...As a result of that discrepancy, female candidates seem both 
more boring and less intellectually promising than their male 
competitors” (27) .



Some Methodological Details
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◈ 2,206 letters from 2011-2017 for job searches at 

2 institutions

◈ LIWC dictionaries (J.W. Pennebaker, R.L. Boyd, K. 

Jordan, K. Blackburn, The Development and 

Psychometric Properties of LIWC 2015. Austin, 

TX: Univ. of Texas at Austin) 

◈ Bottom-up analyses

◈ Gender of letter writer; gender of applicant; 

rank of writer



Some Dependent Measures

Agentic Terms
include active, take-charge, and 

leadership references 

Communal Terms
include references to nurturing, 

helpful, other-oriented, and 

collaborative traits

.

Grindstone Terms
include hard-working, 

conscientious, and diligent, “with 

the implication that effort 

compensates for deficiencies in 

talent and promise” (27) 

Posemo/Negemo Terms
Include terms such as delightful, jovial, 

good-natured, easy-going, depressed, 
stressed, troubled

Word Count
Number of words minus stationary, 

salutations, titles, affiliations.

Standout Terms
express exceptional talent and 

promise (amazing, outstanding, 

awesome, best in a decade….)
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“Standout words in letters of recommendation...portray a 

candidate as talented and exciting, (and) are most often 

found in letters of recommendation for men. Grindstone 

words create the impression that a candidate works 

hard but is not intellectually exceptional, (and) are more 

often used for women...As a result of that discrepancy, 

female candidates seem both more boring and less 

intellectually promising than their male competitors” 

(Blue et al., 2018).



Some Findings

EPP

There were also only three 

significant differences -- two 

favored women: more positive 

affect and less negative affect.  A 

third difference was the larger 

number of “grindstone” words in 

letters for women.
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Social Science 

There were only three significant 

differences -- two favored 

women: letter length & 

“achievement” words. A third 

concerned author gender – more 

male-authored letters for male 

candidates. 



And tables to compare data
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Figure 2.  Word count, proportion of letters for women across author academic ranks, 

and male authorship of letters for male and female candidates, by discipline and gender 

of writer. Error bars are 95% confidence intervals. The dotted lines in Panel B show the 

expected values. In social science, letters for men are 19% more likely to be male authored 

(Panel B). No other gender differences were statistically significant at the 0.05 level.



In addition to determining the gender distribution 
of LIWC words that might indicate enthusiasm, we 
also examined words correlated with gender and 
looked for those indicating strength of 
recommendation 



◈ We used random permutation to generate a distribution of differences in word 
frequency under the assumption that word frequency is independent of gender. For 
each permutation, we shuffle the candidate gender labels and compute the t-score 
for the difference in frequency with pooled variance. We compare the t-score for the 
observed difference in word frequency against the distribution of the t scores across 
100,000 permutations and compute the proportion of permutation t-scores that are 
less extreme than the observed difference. 

◈ To limit the false discovery rate, we use a method akin to a Bonferroni correction: we 
compare the observed t-score for each word against the distribution of the most 
extreme t-scores observed in each of the sampled permutations (33). The proportion 
of permutations with more extreme values than the observed value gives a p-value for 
the observation. We also compute the uncorrected p-value by comparing the 
observed score for each word against the distribution of scores obtained for that 
word across the permutations. 
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Conclusions

◈ Very few gender differences, more favoring women than men

◈ We found little evidence that women in particle physics receive 

negative letters 

◈ Physicists described women as “brilliant” three times as often as 

men, and male physicists used more “hard-working” terms and 

fewer negative affect words when writing for women

◈ In social science, men used “achievement” words more often for 

women, but wrote letters more often for other men

◈ Efforts to increase women in math-intensive fields such as EPP 

should be directed at earlier obstacles that discourage women 

from choosing STEM academic careers
17



Thanks!

Any questions?
You can email us at:

sjc9@cornell.edu;   wendywilliams@cornell.edu
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mailto:sjc9@cornell.edu


Percentage of faculty members ranking the applicant as top 
candidate. Based on Williams and Ceci (2015). 
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Carlsson et al. (2020), N=775
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Percentage of female tenure-track (tt) assistant professors in 1994-2017 and females in the relevant PhD 
cohorts, by major field. Data calculated from NSF’s SDR. Relevant PhD years are the period when the 
middle 50% (25th-75th percentile) of the Assistant Professors in the corresponding year graduated.
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Conclusions

We conclude that policies to correct gender imbalances in 

math-intensive fields may be more effective if they target 

barriers other than bias in letters of recommendation, such 

as obstacles that discourage women from choosing STEM 

academic careers


