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When big data aren’t the answer
Kelsey Perrykkada,1 and Jakob Hohwya

In PNAS, Greenberg, et al. (1) use data collected using
4 surveys from over half a million people to support
the Extreme Male Brain (EMB) theory of autism and
the Empathizing–Systematizing (E-S) theory of sex dif-
ferences. Large sample sizes are—all other things be-
ing equal—better than small sample sizes. However,
the most serious criticisms of these 2 theories (see ref.
2) are not addressed by increasing the sample size.

The questionnaires used by this study were all
developed with reference to autism, and are measur-
ing not independent, but interrelated, constructs (3–
6). Historically, it has been taken as a given that there
is increased prevalence of autism in males. Autism has
also been defined based largely on characteristic so-
cial difficulties (read: differences in empathizing) and
restricted interests in highly patterned stimuli (read:
systematized thinking). The Autism Spectrum Quotient
(AQ) was developed in the context of these assump-
tions, and the original paper on AQ took it as reassuring
that both high autistic traits, as measured by the AQ,
and clinical diagnoses of autism were found to have the
same gender trends (5). However, evidence suggests
that females have been systematically underdiagnosed
and may present with a different clinical profile to their
male counterparts (7). This is understandably not
reflected by the AQ, given that it was calibrated to fit
with the male-biased symptomatology at the time of its
conception. So, it is by virtue of its design that male
groups have disproportionately high AQ scores.

The 3 other measures [Sensory Perception Quo-
tient (SPQ), Empathy Quotient (EQ), and Systemizing
Quotient (SQ)] were all developed and validated with

reference to their expected relationship with the AQ in
diagnosed autistic populations and in the general
population, and thus inherit the AQ’s foundational de-
sign properties. In the supplemental information of
ref. 1, Greenberg et al. state that the short versions
of the measures were developed “independently of
autism.” However, they are a subset of the longer
questionnaires, so taking a representative subset of
questions cannot justify the claimed independence
from autism and the AQ. By design, SPQ correlates
with AQ, EQ is anticorrelated with AQ, and SQ is cor-
related with AQ.

While Greenberg et al. (1) acknowledge concerns
about the “risks of convergence across measures,”
they also claim that “these limitations are offset
by. . .big data, an independent replication cohort,
and. . .using multiple measures in the same cohorts.”
Here, we have argued that the associations between
scores on these questionnaires (and the participants’
sex) should not come as a surprise—in big or small
cohorts. Their correlation should also not lead us to
believe that autism should be defined by its maleness,
or that maleness should be defined by its high system-
atizing and low empathizing scores. The underlying
construct measured by each questionnaire is either
the same or very highly correlated, and more preva-
lent in males by design. Thus, these measures beg the
question (in the philosophical sense), and big data
don’t get us out of this trap. Because researchers
can now run large studies online with relative ease,
we should be mindful that bigger sample sizes are
no substitute for better measures.
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