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Abstract Face perception skills are fundamental to social
cognition, yet they vary markedly across individuals. This
diversity has stimulated controversy over the relative con-
tributions of genetic factors, prenatal environment, and post-
natal experience to face perception. Recent twin studies
have found that face perception is heritable, highlighting
the potential for substantial prenatal determination of these
skills. In contrast, previous work on potential influences of
the prenatal hormonal environment on social cognition have
found no association between 2D:4D, a marker for prenatal
androgen exposure, and processing of facial emotional
expressions, apparently precluding a major role for prenatal
hormones in governing face perception. We propose that
substantial predictive relationships between 2D:4D and face
perception may have been masked in previous work because
the task employed required both face perception and pro-
cessing of others’ emotions, the latter component being
greatly influenced by circulating hormones in adults. To
assess prenatal hormone influences on face perception with-
out requiring emotion processing, we related 2D:4D to the
face inversion effect (FIE), a measure of the recruitment of
specialist face processes to visual perception. The magni-
tude of the resulting predictive relationship (r 0 .52) com-
pared surprisingly well with that found between identical
twins’ face perception (rs 0 .27–.61), suggesting that mech-
anisms of 2D:4D may account for a substantial proportion
of perinatal influences on face processing. Furthermore, we
employed 2D:4D as a common scale to map individual
differences in the FIE onto prenatal testosterone:estrogen
ratios, assayed by Lutchmaya, Baron-Cohen, Raggatt,
Knickmeyer, and Manning (Early Human Development

77:23–28, 2004). The substantial overlap between the two
data sets further implicates prenatal steroids in adult face
perception skills.
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A face conveys important information about an individual’s
identity, age, ethnicity, gender, and emotional state, key
characteristics that guide social interaction. Intriguingly,
despite its universal importance, human expertise at distin-
guishing subtle variations in faces differs strikingly between
individuals (e.g., Bowles et al., 2009; Wilhelm et al., 2010),
although the mechanisms responsible for this diversity re-
main to be elucidated. While postnatal experience undoubt-
edly fine-tunes face perception (McKone, Kanwisher, &
Duchaine, 2007; Webster, Kaping, Mizokami, & Duhamel,
2004), some of the most profound effects likely reflect an
individual’s biology—in particular, genetic factors and the
uterine environment in which early brain development takes
place. Two recent studies (Wilmer et al., 2010; Zhu et al.,
2010) have found that face-specific aspects of perception
correlate more highly in monozygotic (identical) than in DZ
(fraternal) twins, suggesting that face processing is herita-
ble. Additionally, prenatal exposure to testosterone and es-
trogen, thought to influence a broad range of socially
relevant behaviors (see, e.g., Hines, 2008; Manning,
2011), may also exert powerful, long-range influences on
adult face perception. The latter influences are a more chal-
lenging target for research, in that prenatal exposure cannot
be accessed in adults. Fortunately, however, levels of pre-
natal exposure to testosterone versus estradiol are associated
with an anatomical marker accessible in adulthood.

The ratio of the lengths of the second versus the
fourth digit on the right hand (2D:4D) provides a read-
ily accessible characteristic of adults that covaries with
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fetal exposure to testosterone versus estrogen across species
(e.g., Lutchmaya, Baron-Cohen, Raggatt, Knickmeyer, &
Manning, 2004; Romano, Rubolini, Martinelli, Alquati, &
Saino, 2005; Zheng & Cohn, 2011). Established in utero
(Malas, Dogan, Evcil, & Desdicioglu, 2006), 2D:4D remains
stable throughout development, and its relative independence
of postnatal variations in circulating androgen (e.g., Muller et
al., 2011) provides a unique window onto an adult’s prenatal
hormonal environment. Although evidence for these charac-
teristics in humans is correlative (e.g., Lutchmaya et al.,
2004), direct manipulation of prenatal hormone variables in
other species has also shown this association (in rodents,
Talarovicová, Krsková, & Blazeková, 2009; Zheng & Cohn,
2011; in pheasants, Romano et al., 2005).

The potential influences of prenatal androgen and estro-
gen exposure have recently been assessed, using 2D:4D, in
two studies using the “reading the mind in the eyes” task
(RMET), an index of social cognition that measures the
ability to discriminate others’ emotional facial expressions
(van Honk et al., 2011; Voracek & Dressler, 2006). Neither
study found any predictive relationship between 2D:4D, a
retrospective marker for prenatal sex-steroid exposure (e.g.,
Manning, Scutt, Wilson, & Lewis-Jones, 1998) and RMET
performance, a finding that is seemingly incompatible with
any substantive role for testosterone and estradiol in deter-
mining face perception. Crucially, however, in one of the
studies, van Honk et al. did find that 2D:4D predicted the
effects of androgen administration (in adulthood) on facial
emotion perception. This high correlation between an indi-
vidual’s 2D:4D and the influence of circulating testosterone
raises the possibility that a substantial relationship between
2D:4D and face perception may have been masked by still
greater influences of current circulating androgen (adminis-
tered or naturally occurring in the controls) on emotion
processing. Evidence has already emerged that processing
of others’ emotions, irrespective of whether they are facially
or vocally communicated, is heavily influenced by current
circulating testosterone (e.g., Bos, Hermans, Montoya,
Ramsey, & van Honk, 2010; Bos, Terburga, & van Honk,
2010). Accordingly, we reasoned that the requirement in the
RMET to process emotions may substantially be subject to
current circulating hormones, and that by assessing face
perception alone, without any requirement to process
facial emotions, we might reveal a direct predictive
relationship between 2D:4D and adult face perception.
Such a proposal is consistent with previous findings
(Chapman et al., 2006) that 2D:4D predicts RMET
(child version) performance for children 6–9 years of
age, in whom circulating sex steroids presumably play a
far more minor role, but that 2D:4D does not predict
RMET performance among adults, in whom steroids are
more prevalent (Voracek & Dressler, 2006; see van
Honk et al., 2011, for a discussion).

The direction of any predicted relationship between
2D:4D and face perception was guided by the general
(though by no means uniform) female advantage in identi-
fication and detection of affectively neutral face stimuli
reported in previous work (e.g., Lewin & Herlitz, 2002;
McBain, Norton, & Chen, 2009). Such an advantage might,
if it results from sex steroid influences, be related either to
lower testosterone:estrogen ratios in terms of adult female
(relative to male) circulating hormones or to lower testos-
terone:estrogen ratios in female fetuses’ perinatal hormone
exposure. However, as such influences would likely act in
the same direction prenatally and postnatally (see van Honk
et al., 2011), the findings in adults weigh in favor of the
prediction that lower levels of prenatal androgen exposure
should be associated with greater contributions from face-
specific mechanisms to perception. As lower 2D:4D is as-
sociated with higher prenatal exposure to testosterone versus
estrogen, we predicted that an individual’s 2D:4D would
correlate positively with the magnitude of their face inver-
sion effect (FIE) in a linear fashion, such that higher 2D:4D
ratios (reflecting lower testosterone:estrogen ratios) would
be associated with greater FIEs.

Our prediction was also specific in that we hypothesized
early hormonal influences on a very particular and basic
contribution to face perception in adulthood: the ability to
attend and perceive configurations of facial features. We
asked observers simply to monitor face stimuli for changes
in the luminance (see Fig. 1a in Method and Materials
below) or the position (Fig. 1b) of facial features (either
the eyes or the mouth) and to press one of two keys to
indicate whether or not a change had been detected. To
calculate the impact of specialist face processes on perfor-
mance of this task (independently of any general ability to
detect changes in a stimulus), we presented both upright and
inverted face stimuli and calculated the advantage for
detecting changes to upright versus inverted faces—the
change-detection FIE (Barton, Keenan, & Bass, 2001;
Davies & Hoffman, 2003; Zhu et al., 2010). In contrast to
those of most previous studies (e.g., van Honk et al., 2011;
Voracek & Dressler, 2006; Wilmer et al., 2010; Zhu et al.,
2010), our task did not require subtle processing of identity
or emotion, so it arguably provided a purer measure of face
perception itself, minimizing the influences of other socio-
cognitive variables. Note that, as a further check on the
robustness of our face perception findings described here,
we also conducted a second study, reported here only in
outline. That study employed house stimuli with luminance
changes similar to those in the face stimuli that we
employed, and at the same retinal locations. This replicated
the basic findings for face stimuli reported in the main study,
but revealed no inversion effect for the house stimuli, sug-
gesting that the main findings reported here are face-
specific.
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Two further methodological refinements of previous
methods were also incorporated. First, whereas many
previous studies have indexed overall task accuracy,
which is contaminated by response criteria, we used
signal detection theory to yield separate measures of
bias-free sensitivity (A') without the requirement to as-
sume homogeneity of variances in responses to change
and no-change trials (Grier, 1971). Second, we manipu-
lated the appearance of the mouths and eyes of our face
stimuli so as to ensure that they were symmetrical
around the horizontal axis; that is, so that they would
be identical in the upright versus the inverted faces. This
ensured that any FIE would purely reflect the different
configurations of features, and not inversion of the fea-
tures themselves, as in many previous studies (e.g.,
Barton et al., 2001; Davies & Hoffman, 2003).

Method and materials

Observers

A group of 34 observers (14 male, 20 female; mean age
25 years, range 18–45; 14 Caucasian and 12 Southeast
Asian, primarily Chinese) were recruited by advertisements.
Ethical permission was granted by the Faculty of Biology
Psychology Research Ethics Committee. Three observers
who performed at chance in the session detecting position
changes were excluded from the analysis.

Digit ratios

Observers’ right hands were scanned twice using a
flatbed scanner. The lengths of the second digit (index
finger) and fourth digit (ring finger) were then measured
from the palm—specifically, from the basal crease of
the digit to the tip of the digit—using image-editing

software. The length of the second digit was divided
by the length of the fourth. In addition to the principal
measurements (author G.J.D.), an auxiliary measurement
was taken (author M.C.L.) to highlight measurement
errors greater than 0.02. The intraclass correlation
(two-way, mixed, consistency for single measures) was
high (.96) across the two measurements, and in the
three cases in which the deviation exceeded 0.2, the
mean of the two measurements was adopted to mini-
mize error. In our small sample, 2D:4D did not differ
significantly in female versus male observers [t(29) 0

0.61, n.s.; male 0 0.9586, SD 0 0.033, female 0 0.9593,
SD 0 0.034], a pattern that has been reported before in
academic populations (Brosnan, 2006) and that would
often be expected in samples even from sexually dimor-
phic populations. Additionally, 2D:4D did not differ
between our two major ethnic groups [t(24) 0 0.268,
n.s.; Caucasian 0 0.964, SD 0 0.36; Asian 0 0.960,
SD 0 0.039].

Stimuli, apparatus, and procedure

The template face stimuli were created from a photograph of
a male in frontal view, obtained from the Aberdeen face
database (http://pics.psych.stir.ac.uk/). The left half of the
image was copied and the copy flipped horizontally and
positioned opposite the original left half to yield a perfectly
symmetrical face stimulus. The resultant image was then
resized to 350 × 461 pixels and presented in grayscale on an
Apple Macintosh Emac with a 17-in. CRT monitor and
PsyScope software (MacWhinney, Cohen, & Provost,
1997). Observers viewed the image at a distance of approx-
imately 60 cm, such that the image subtended approximately
15.65 deg of retinal angle vertically and 11.61 deg
horizontally.

Figure 1a and b schematize typical sequences of displays
in Experiment 1. Following a fixation cross, two images of a

a bFig. 1 Examples of changes to
the faces in Experiment 1. (a) A
typical luminance change
pertaining to the eyes (similar
changes on other trials
pertained to the mouth, and
both types of change also arose
in inverted faces). (b) A typical
position change pertaining to
the eyes (in other trials, the
mouth’s vertical position
changed between the two
frames; again, the same changes
also arose in inverted faces)
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face, one after the other, were presented for 400 ms each,
separated by a brief white blank display (500 ms). On half of
the trials, unpredictably, the two faces were identical, and on
the other half, a small difference was introduced between the
faces. In one experimental session (e.g., as in Fig. 1a), the
change was an approximately 30 % luminance increment or
decrement pertaining to the irises or mouth (e.g., as depicted
in Fig. 1a), and in the other experimental session, the dis-
tance between the two eyes or the vertical position of the
mouth was changed in the second image relative to the first
(e.g., as depicted in Fig. 1b). The task was to detect a change
in position of either the eyes or mouth. Observers were
instructed to press the “h” key to indicate that they had
detected a change and the space bar if they detected no
change, and to answer as accurately as possible, with no
emphasis on the speed of response. Auditory feedback fol-
lowed each incorrect response. Each session comprised four
blocks of 64 trials, with equal numbers of “change” and “no-
change” trials in each block and equal numbers of “eye-
change” and “mouth-change” trials in the change condition,
presented in a pseudorandom order. Each possible face
stimulus appeared equally often in the first and second face
frames, preventing observers from making a biased judg-
ment on the basis of the first image displayed. In the no-
change condition, two images of a “normal” face or two
images of a modified/changed face were used in each trial.

The key manipulation concerned whether the faces in a
trial were either both presented upright or both inverted.
Faces are typically recognized more efficiently as upright
faces, and changes to facial features are easier to detect (see,
e.g., Barton et al., 2001; Davies & Hoffman, 2003), reflect-
ing human expertise with upright faces that is not available
for inverted faces. Whether substantial inversion effects are
unique to faces or generalize to other focuses of perceptual
expertise remains controversial, but in either case our con-
clusions about face expertise would hold. The magnitude of
the benefit for upright faces—A' (bias-free) sensitivity to
changes in upright faces minus A' sensitivity to changes in
inverted faces—indexes the contribution of expert face pro-
cessing to performance, irrespective of any generalized
change-detection ability that might be common to both
upright and inverted faces.

Results

Figure 2a plots 2D:4D for 31 observers against the FIE:
sensitivity (A') to changes in upright faces minus sensitivity
to changes in inverted faces (the same patterns resulted
for upright-face divided by inverted-face sensitivity). A
linear regression analysis confirmed that 2D:4D pre-
dicted the magnitude of the FIE (r 0 .52), F(1, 29) 0 10.473,
p 0 .003; the robustness of this result to outliers was confirmed

using a nonparametric index, Spearman’s rank correlation
coefficient (r 0 .56, p 0 .001). Previous work has relied on
the qualitative similarities between two relationships—first,
between 2D:4D and another variable, and second, between
2D:4D and testosterone:estradiol (“t:e”) ratios—in order to
associate prenatal t:e with the third variable. However, this
approach is limited, in that factors other than t:e influence
2D:4D. In response to this limitation, an innovation in the
present project was to assess this relationship quantitatively to
reveal whether a tight mapping exists between t:e and the FIE,
using 2D:4D as a common axis. To achieve this, we replotted
the Lutchmaya et al. (2004) data (kindly provided by S.
Baron-Cohen, B. Auyeung, and J. Manning) as robust stan-
dardized scores (i.e., as median absolute deviations from the
median) and then superimposed our own data from Fig. 2a,
identically standardized and inverted. As is evident from
inspection of Fig. 2b, when 2D:4D is employed as a scaling
variable, there is apparent overlap (bar three outliers
that were > ±3 median absolute deviations from the
median; these points show the same absence of a linear
trend as do the other high-digit-ratio scores, but they
have exaggerated FIE scores not accounted for by the
pattern of t:e plotted against digit ratio) between the
geniculate pattern of t:e ratios assayed by Lutchmaya
et al. and our own measurements of the FIE in adults.

When luminance changes and position changes were
assessed separately, similar patterns were evident [Fig. 2c
and d; from linear regressions, r 0 .48, F(1, 29) 0

8.824, p 0 .006, and r 0 .37, F(1, 29) 0 4.731, p 0 .038;
Spearman’s rank, rs 0 .39 and .37, both ps < .05; both tests
show high overlap with t:e ratios when the results are stan-
dardized and inverted as in Fig. 2b]. As sex and 2D:4D
correlate, apparent 2D:4D relationships might simply reflect
sex differences. To preclude this possibility, we employed the
Interaction software (Soper, 2012) to explore whether the
dichotomous, categorical variable sex significantly moderated
the effects of the continuous predictor 2D:4D on the FIE. Only
the FIE termwas significant [t(27) 0 3.19, p < .01]; neither sex
[t(27) 0 –1.101, p 0 .28] nor the interaction term [t(27) 0 –
1.030, p 0 .31] approached significance. A similar logic was
then applied to observers’ ethnicities. Including the two
major ethnic groups in our study (those of Southeast
Asian, mostly Chinese, origin vs. Caucasians), we again
found evidence of a clear influence of 2D:4D on FIE
scores [t(22) 0 2.98, p < .01], but no overall influence
of ethnicity [t(22) 0 1.002, p 0 .33; consistent with
Rhodes, Hayward, & Winkler’s, 2006, findings] and no inter-
action between these two variables [t(22) 0 –1.043, p 0 .31].
Accordingly, we suggest that our effects seem to be fairly
robust across sex and ethnicity and do not simply reflect sex
or ethnic differences in either the FIE or 2D:4D, though such
differences probably exist in the populations from which our
samples were drawn.

Psychon Bull Rev (2012) 19:1094–1100 1097



A smaller-scale confirmatory experiment with 20 observ-
ers replicated the conditions of the position-change experi-
ment, but with more substantial changes to the positions of
the features in change trials. A regression analysis identified
an outlier (Studentized residual: 3.19), and with this re-
moved, 2D:4D again predicted the magnitude of the FIE
across observers (r 0 .53), F(1, 17) 0 6.783, p 0 .019. In the
other session of that study, the same observers performed a
luminance-change detection task similar to that in the main
experiment, but using house rather than face stimuli. No
overall house-inversion effect resulted, and there was no
hint of a relationship between the measured effect across
individuals and 2D:4D, F(1, 18) 0 0.576, n.s.

Discussion

These new findings provide clear evidence that 2D:4D,
which is set perinatally (probably in utero) in human devel-
opment, predicts a significant portion of an adult’s ability to
recruit specialist face processing to a visual task. Moreover,

when 2D:4D is employed as a common scale to map indi-
vidual differences in adult human face perception from the
present study onto testosterone:estradiol ratios assayed in
amniotic fluid by a previous study (data reproduced with the
authors’ and Elsevier’s permission), all points within three
median absolute deviations from the median mapped closely
onto one another. This overlap provides supporting evidence
that prenatal sex steroids, rather than other potential influ-
ences on 2D:4D, govern a substantial proportion of adult
face perception expertise. Here, we fit 2D:4D to the FIE
using linear regression. However, the overlapping scatter-
plots in Fig. 2b are also consistent with a nonlinear relation-
ship of 2D:4D to both FIE and t:e. Indeed, quadratic
functions did modestly improve the amount of variance
accounted for, and some previous results in the literature
are consistent with a U-shaped relationship between 2D:4D
and cognition (Brosnan, 2006; Falter, Arroyo, & Davis,
2006). Note, however, that this issue is distinct from pro-
posals elsewhere that prenatal androgen may relate nonmo-
notonically to cognition (Brosnan, 2006; Geschwind &
Galaburda, 1987; Valla & Ceci, 2011); the firm implication

Fig. 2 (a) Plots of each
observer’s 2D:4D, a marker for
testosterone and estradiol
exposure, against the magnitude
of their face inversion effect—
calculated as A', from overall P
(Hit) and P(FA). (b)
Superimposed plot of the data
(filled symbols) from Fig. 2A
(but using standardized, inverted
scores; see text) and data
representing the relationship
between 2D:4D and testosterone:
estradiol ratios reported by
Lutchmaya et al. (2004; open
symbols). These data were kindly
supplied by S. Baron-Cohen, B.
Auyeung, and J. Manning, from
“2nd to 4th Digit Ratios, Fetal
Testosterone and Estradiol,” by
S. Lutchmaya, S. Baron-Cohen,
P. Raggatt, R. Knickmeyer, and J.
T. Manning, 2004, Early Human
Development, 77, pp. 23–28.
Copyright 2004 by Elsevier Sci-
ence. Reprinted with permission.
(C) Plots of 2D:4D against the
face inversion effect for each ob-
server in luminance-change trials
only. (D) Plots of 2D:4D against
the face inversion effect for each
observer in position-change
trials only
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of our finding in Fig. 2b is that while 2D:4D may relate in a
nonlinear fashion to testosterone:estradiol ratios and to face
perception, the latter two variables show a clear linear
relationship.

Our data complement the recent findings of van Honk et
al. (2011) to provide a fuller understanding of the relation-
ship between prenatal and postnatal sex hormones in con-
trolling face and emotion perception. As those authors
noted, the absence of a predictive relationship between
2D:4D and performance of the RMET (a task combining
face perception and emotion processing) in their study is
consistent with previous findings in adults (Voracek &
Dressler, 2006) but inconsistent with findings in prepubes-
cent children, in whom a predictive relationship of 2D:4D
was evident (Chapman et al., 2006). Our motivation for the
present study was that the substantial influences of current
circulating testosterone and estrogen in the processing of
emotions might have masked a direct influence of 2D:4D on
face perception in that task (in both the experimental and
placebo groups). Accordingly, whereas previous studies of
adults (van Honk et al., 2011; Voracek & Dressler, 2006)
seemed to challenge the detail of Baron-Cohen’s (2003)
proposal that prenatal steroids contribute to perception of
facial affect, the present findings provide support for that
view, offering evidence that one primary component of that
task, attending to and discriminating facial features, is influ-
enced by prenatal testosterone and estrogen. In contrast, a
second component involving processing of others’ emotions
may be sufficiently influenced by current hormones as to
have masked the organizational influences of prenatal ste-
roids in previous work.

More generally, the present findings add to the substan-
tial array of physical and mental attributes that can be
predicted from an individual’s 2D:4D measurements (see,
e.g., Manning, 2011, for a review). Although 2D:4D has
proven a very powerful predictive tool, it is only a marker
for fetal hormone exposure, not a direct measurement; it
accounts for 27 % of the variance in another (more direct,
though still indirect) index, testosterone:estrogen ratios
assayed in amniotic fluid samples (Lutchmaya et al.,
2004). Moreover, in many reports 2D:4D variation has
accounted only for around 10 % of variation in the target
cognitive attribute. Although such relationships are often
statistically very reliable, those cases are particularly vul-
nerable to alternative accounts without reference to prenatal
hormone exposure. The present findings, as well as others
(Coates, Gurnell, & Rustichini, 2009; Falter et al., 2006; van
Honk et al., 2011), are reasonably robust to such criticisms,
accounting for 25 % or more of the target variable and
providing supplementary evidence of a specific association
between hormones and the target attribute. The organiza-
tional and activational influences of hormones throughout
development are a palimpsest in which the earliest, and

arguably most profound, effects are obscured by more re-
cent influences. Despite its limitations, 2D:4D’s indepen-
dence from later hormonal influences ensures that it
provides an accessible means to elucidate poorly understood
but important relationships between prenatal hormones and
the adult mind–brain.
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