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In their widely publicized paper, Joel et al. (1) make
two empirical claims about sex differences in features
of the human brain: (i) “. . .internal consistency [in individuals’ sex-differentiated brain features] is rare”
(p. 15472) and (ii) the amount of overlap in sex-differentiated features of male and female brains “undermines
any attempt to distinguish between a ‘male’ and a
‘female’ form for specific brain features” (p. 15471).
We argue that claim i is based on faulty methodology,
and claim ii is misleading if extended to overall sex
differences in brain structure.
In regard to claim ii, Joel et al. (1) did not conduct
analyses (e.g., discriminant analyses) designed to test
how well various brain features predicted participants’
sex. Performing such analyses on the data of Joel et al.
(1), we found that brain features correctly predicted
subjects’ sex about 69–77% of the time (2). Moreover,
the multivariate overlap of female and male distributions based on the same variables was moderate (42%
on average), and certainly not so large as to invalidate
the idea of overall sex differences in brain structure.
As for claim i, the definition of “internal consistency” Joel et al. (1) use is so extreme that, in realistic
conditions, it can only generate results consistent with
their hypothesis. Via simulations, we systematically
varied sample characteristics such as the magnitude
of sex differences and correlations among variables.
Some of the simulated scenarios were intentionally
unrealistic, involving uniformly strong sexual dimorphism and/or extremely high correlations between
variables (up to r = 0.90). Despite this, the proportion
of “internally consistent” profiles remained low in all

conditions. Under more realistic assumptions, the
method of Joel et al. (1) virtually always returned the
same pattern of results—a preponderance of “substantially variable” profiles, a minority of “intermediate profiles,” and a very small proportion (often close
to zero) of “sex-typical” profiles (2).
These results are supported by Joel et al.’s own analysis of sex-typed activities (figure 2 in ref. 1, p. 15471;
data from ref. 3). Taken together, activities showed a
clear bimodal distribution with almost no overlap between the sexes. However, even here, Joel et al. (1) report that “55% of subjects showed substantial variability
and only 1.2% were internally consistent.” In short, there
seems to be no degree of sexual dimorphism in realistic
datasets that will yield results that falsify the hypotheses
of Joel et al. (1).
To further reinforce this point, we applied Joel
et al.’s methods to facial morphology features in three
species of monkeys (crab-eating macaques, grivets, and
tufted capuchins). Our goal was to see what percent of
individual monkeys would display internally consistent
species-typical profiles of features (2). Across comparisons, only 1.1–5.1% of the monkeys showed consistent
“species-typical” profiles, whereas 18.9–25.3% had “intermediate” profiles (as expected based on the extremely large size of species differences, there were
no “substantially variable” profiles). If the methods of
Joel et al. (1) cannot demonstrate consistency in morphological features that distinguish distinct species, is it
any wonder that they cannot demonstrate within-individual consistency in sexually differentiated brain structures and behaviors in humans?

1 Joel D, et al. (2015) Sex beyond the genitalia: The human brain mosaic. Proc Natl Acad Sci USA 112(50):15468–15473.
2 Del Giudice M, et al. (2015) Mosaic brains? A methodological critique of Joel et al. (2015). Available at cogprints.org/10046/.
3 Carothers BJ, Reis HT (2013) Men and women are from Earth: Examining the latent structure of gender. J Pers Soc Psychol 104(2):
385–407.

Downloaded by guest on April 18, 2021

a

Department of Psychology, University of New Mexico, Albuquerque, NM 87131; bDepartment of Psychology, California State University, Fullerton,
CA 92831; cDepartment of Anthropology, Center for Behavior, Brain, and Cognition, and Center for Human Evolution and Diversity, Pennsylvania
State University, State College, PA 16801; dSchool of Education, University of California, Irvine, CA 92697; eDepartment of Psychology,
Northwestern University, Evanston, IL 60208; and fDepartment of Psychology, Bradley University, Peoria, IL 61625
Author contributions: M.D.G., R.A.L., D.A.P., D.H.B., J.M.B., and D.P.S. designed research; M.D.G. and D.H.B. analyzed data; and M.D.G., R.A.L., D.A.P.,
D.H.B., J.M.B., and D.P.S. wrote the paper.
The authors declare no conflict of interest.
1
To whom correspondence should be addressed. Email: marcodg@unm.edu.

www.pnas.org/cgi/doi/10.1073/pnas.1525534113

PNAS | April 5, 2016 | vol. 113 | no. 14 | E1965

LETTER

LETTER

