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Abstract

■ One of the most important social identities that children
learn to define themselves and others by is sex, becoming a
salient social category by early childhood. Although older chil-
dren begin to show greater flexibility in their gendered behav-
iors and attitudes, gender rigidity intensifies again around the
time of puberty. In the current study, we assessed behavioral
and neural biases to sex across a wide age group. Ninety-three
youth (ages 7–17 years) provided behavioral rating of same- and
opposite-sex attitudes, and 52 youth (ages 4–18 years) under-

went an fMRI scan as they matched the emotion of same- and
opposite-sex faces. We demonstrate significant age-related
behavioral biases of sex that are mediated by differential amyg-
dala response to opposite-sex relative to same-sex faces in
children, an effect that completely attenuates by the teenage
years. Moreover, we find a second peak in amygdala sensitivity
to opposite-sex faces around the time of puberty. Thus, the amyg-
dala codes for developmentally dependent and motivationally
relevant social identification across development. ■

INTRODUCTION

One of the most important social identities that children
learn to define themselves and others by is sex, becom-
ing a salient social category by early childhood (Martin &
Ruble, 2009; Aydt & Corsaro, 2003). Decades of research
across cultures and species demonstrate the ubiquity of
sex-segregated patterns of social interaction and behavior
among children. Both human and primate youth exhibit
preferences to play with same-sex peers and tend to
hold attitudes favoring their sex ingroup over outgroup
(Mahajan et al., 2011; Alexander & Hines, 2002; Powlishta,
1995; Serbin, Moller, Gulko, Powlishta, & Colburne, 1994;
Martin,Wood, & Little, 1990; La Freniere, Strayer, &Gauthier,
1984).

Development of Sex Biases

Early Childhood

According to Developmental Intergroup Theory (Bigler &
Liben, 2007), the external world (e.g., parents, teachers,
etc.) socializes children to focus on sex differences from
an early age. Children then tend to categorize their social
worlds based on gender, often developing strong gender
stereotypes that become rigid (Powlishta, 2004). Sex
stereotyping begins to emerge between 2 and 4 years

(Serbin, Powlishta, & Gulko, 1993; Trautner, 1992). By
ages 3 and 4, children report liking their own sex more
than the other, think that their peers will also like their
own sex better, and ascribe more positive characteristics
to their own sex (Halim, Ruble, & Tamis-LeMonda, 2013;
Yee & Brown, 1994). Furthermore, children tend to exag-
gerate similarities among their own sex and differences
between the sexes (see Powlishta, 2004). Moreover, chil-
dren exhibit a strong preference to play in same-sex
groups, such that by age 6, the ratio of same-sex to
opposite-sex play partners increases to 11:1 (Serbin
et al., 1993; Maccoby & Jacklin, 1987).

With increased sex stereotyping in childhood comes
the belief that one’s own sex is better and the opposite-
sex has cooties and should be avoided (Powlishta, 2004).
Young boys and girls are often wary of one another with
children exaggerating male–female differences even
when none exist, reaffirming the boundaries and asym-
metries between girls and boys, a concept referred to as
gender boundary maintenance (Martin & Ruble, 2004;
Aydt & Corsaro, 2003; Sroufe, Bennett, Englund, Urban,
& Shulman, 1993). For example, boys and girls often
use “sexual scripts” to define strict gender boundaries,
including teasing (e.g., being accused of liking the oppo-
site sex) and heterosexual rituals (e.g., cross-sex chasing;
Leaper, 1994). During these interactions, girls and boys
often behave as if the other sex could contaminate them,
a well-known childhood phenomenon called “cooties”
(Leaper, 1994; Samuelson, 1980). The concept of cooties
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represents the salience of otherness ascribed to the
opposite sex.

Middle Childhood

Although early childhood represents a developmental
stage during which sex differences are highly salient
and the most rigid, this tends to wane by middle child-
hood when boys and girls show greater flexibility in their
gendered behaviors and attitudes (Trautner et al., 2005;
Martin & Ruble, 2004; Serbin et al., 1993; Signorella et al.,
1993). For instance, rigid sex-stereotyping reaches a peak
of around 6 years and then decreases with age (Trautner,
1992), and biases favoring same-sex relative to opposite-
sex peers declines in elementary school (e.g., Egan &
Perry, 2001). As children get older, they begin to under-
stand that boys and girls have many similarities with each
other and that there is substantial variability within each
sex category. This greater flexibility may render sex a less
salient social category by late childhood.

Adolescence

Gender rigidity tends to intensify again during adoles-
cence. Pubertal development is thought to revive youths’
concern with gender conformity (Huston & Alvarez,
1990; Hill & Lynch, 1983), perhaps because of physical
maturation and the development of secondary sex char-
acteristics and increased opposite-sex interactions. The
gender intensification hypothesis posits that the physical
changes of puberty are viewed as a signal that the adoles-
cent is transitioning into adulthood and boys and girls
experience an intensification of gender-related expec-
tations, which increase their awareness of sex roles (Hill
& Lynch, 1983). Moreover, preferential biases for same-
sex peers tend to decrease during adolescence when
interest in other-sex peers develops (Sippola, Bukowski,
& Noll, 1997; Serbin et al., 1993). Furthermore, puberty
elicits secretion of androgenic hormones that are related
to sexual arousal in both male and female adolescents
(Morris, 1992), which may result in a greater orientation
to opposite-sex peers. A shift in preference for opposite-
sex peers at the time of sexual maturity is also found in
nonhuman primates (Sackett, 1970). Thus, sex becomes
a salient social category again around the time of puberty.

Amygdala and Sex Biases

Neuroimaging research has begun to uncover the neural
correlates of intergroup attitudes and biases. Implicit
affective attitudes are believed to involve subcortical
neural structures such as the amygdala, a structure that
develops early. The amygdala is involved in detecting
salient and motivationally relevant cues in the environ-
ment (Cunningham & Brosch, 2012; Fitzgerald, Angstadt,

Jelsone, Nathan, & Phan, 2006) and is sensitive to social
categories (e.g., racial categories; Hart et al., 2000; Phelps
et al., 2000). Moreover, the amygdala codes for stimuli
that are unusual and interesting (Hamann, Ely, Hoffman,
& Kilts, 2002) as well as novel and unfamiliar (Balderston,
Schultz, & Helmstetter, 2011). Developmentally, amyg-
dala response to race emerges during adolescence (Telzer,
Humphreys, Shapiro, & Tottenham, 2013), a time when
racial identity becomes salient (Roberts et al., 1999), sug-
gesting that the amygdala codes for developmentally
dependent and motivationally relevant social categories.
Thus, the amygdala is a likely candidate to signal to the
child the salience of otherness associated with the oppo-
site sex, making it well positioned to detect and process
“cooties” in the environment, a neurobiological signal that
will facilitate an interest in and future learning about the
opposite sex.
Because sex is one of the most salient social categories

in early childhood (Martin & Ruble, 2009), we hypothe-
sized that young children would demonstrate heightened
amygdala response to opposite-sex relative to same-sex
faces. However, such differential amygdala response
would decrease by late childhood, a time when cooties
have typically dissipated. Furthermore, we hypothesized
that amygdala sensitivity to sex would increase again
around puberty, a time when differential sex roles become
salient again because of sexual maturation.

METHODS

Participants

A total of 117 youth participated. Of these, 93 participated
in the behavioral session and 52 participated in theMRI ses-
sion. Twenty-eight participants completed both sessions.

Behavioral Session

At the behavioral session, 93 youth completed behavioral
ratings of their group attitudes toward same- and opposite-
sex peers. Participants were evenly split betweenmale (n=
40) and female (n = 53), ranged in age from 7 to 18 years
(Mage = 12.0 years, SD = 2.8 years) and were ethnically
diverse (Black [n=16], Asian American [n=22], European
American [n = 33], Latin American [n = 10], Iranian [n =
5], and other [n = 7]). Children’s IQs were within the
normal range (M = 107.2, SD = 19.6), as estimated via
two subtests from the Wechsler Abbreviated Scale of Intel-
ligence (Wechsler, 1999).

MRI Session

At the MRI session, 521 youth completed a functional
brain scan. Participants included 28 male participants
and 24 female participants, ranged in age from 4 to 18 years
(Mage = 11.0 years, SD = 3.9 years), and were ethnically
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diverse (Black [n=14], Asian American [n=13], European
American [n=16], Latin American [n=7],multiracial [n=
1], and other [n = 1]). Children’s IQs were within the
normal range (M = 112.3, SD = 17.9). All participants
were physically and psychiatrically healthy, which was
confirmed by a telephone screening and psychiatric
questionnaire completed by participants’ parents (CBCL;
Achenbach, 1999).

Age Groups

For descriptive purposes, we divided the sample into five
developmental age groups. The five groups were defined
by dividing the sample into theoretically meaningful age
groups with relatively equal numbers of participants in
each group. The five age groups included young children
(ages 4–6.9 years, n = 15), children (ages 7–10.5 years,
n = 32), preteens (ages 10.51–12.5 years, n = 22), mid-
teens (ages 12.51–14.5 years, n = 25) and late teens
(ages 14.51–18 years, n = 23). The young children did
not complete the behavioral session because of difficul-
ties in completing self-reports among this age group.
Therefore, behavioral results are presented with four
age groups, and the fMRI results are presented with five
age groups.

Behavioral Session

Biases for Same- and Opposite-sex Peers
(Group Attitudes Measure)

At Session 1, participants completed a group attitudes
measure in which they indicated how many girls and
boys (1 = none to 5 = almost all) possessed positive
(friendly, smart, honest) and negative attributes (ugly,
bad, selfish; Pfeifer et al., 2007). These characteristics
are a subset of those used in common trait stereotyping
measures (e.g., the MRA; Doyle & Aboud, 1995). A posi-
tive attitudes measure was calculated by averaging the
positive items for each gender, and a negative attitudes
measure was calculated by averaging the negative items
for each gender. These were coded to reflect same- or
opposite-sex scores.

Parental Report of Friendships

Parents reported the sex of their child’s best friend by
indicating whether the friend was the same sex or oppo-
site sex as their child.

Pubertal Status

To examine the role of puberty on neural sensitivity to
sex, parents of children 9 years and older completed
the Pubertal Development Scale (Peterson et al., 1988).
Three youth did not have parental reports of pubertal
status. Therefore, our sample included 30 youth, ages 9–16.

Parents were asked to indicate their child’s development
in terms of pubic hair, growth spurt, skin changes, facial
hair (male only), voice changes (male only), breast devel-
opment (female only), and age of menarche (female only)
on a 4-point scale ranging from “not begun” to
“development completed.” A mean of all items was calcu-
lated, and pubertal status scores could range from 1 to 4,
with higher scores indicating greater pubertal develop-
ment (pubertal status range = 1–3.6; mean = 2.4, SD =
0.9). Age and pubertal status were highly correlated (r =
.88, p< .0001); therefore, we control for age in all analyses
examining puberty.

fMRI Session

During the fMRI scan, participants completed three func-
tional runs of the Emotional Matching Task, adapted
from Hariri et al. (2002). During each run, two blocks
of faces were interleaved with two blocks of a sensori-
motor control task (shapes). During the faces blocks,
participants were presented with a trio of faces and were
instructed to make a button response to indicate which
of the two faces at the bottom was expressing the
same emotion, or felt the same, as the face on top. All
stimuli were black-and-white, displayed at 20°, and were
expressing one of three emotions: angry, happy, or neu-
tral. The faces were selected from the NimStim Set of
Facial Expressions (Tottenham et al., 2009). Half of the
faces were female, and half were male. The faces were
ethnically diverse, with one-third European American,
one-third Black, and one-third Asian American. For the
shapes blocks, participants were presented with a trio of
shapes and selected one of the two shapes at the
bottom that was identical to the shape on top. Each block
consisted of six faces or shapes, which were presented for
5 sec each.

fMRI Data Acquisition

Participants were scanned on a Siemens Trio 3.0-T MRI
scanner. A whole-brain, high-resolution, T1*-weighted
anatomical scan (MP-RAGE; 256 × 256 in-plane resolution,
256 mm field of view; 192 mm × 1 mm sagittal slices) was
acquired for each participant for registration and localiza-
tion of functional data into Talairach space (Talairach &
Tournoux, 1988). The Emotional Matching Task was pre-
sented on a computer screen through MR-compatible
goggles. The task was completed during three functional
scans, each including 99 T2*-weighted echoplanar images
(repetition time = 2000 msec, echo time = 30 msec, flip
angle = 90°, matrix size 64 × 64, 34 slices, 4 mm voxel, skip
0 mm).

fMRI Data Analysis

Functional imaging data were preprocessed and analyzed
with theAnalysis of Functional NeuroImages (AFNI) software
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package (Cox, 1996). All data were free of movement
greater than 2.5 mm in any direction. Preprocessing for
each participant’s images included slice time correction
to adjust for temporal differences in slice acquisition within
each volume, spatial realignment to correct for head
motion, registration to the first volume of each run, spatial
smoothing using anisotropic 6-mm Gaussian kernel,
FWHM to increase the signal-to-noise ratio, and trans-
formation into the standard coordinate space of Talairach
and Tournoux (1988) with parameters obtained from the
transformation of each participant’s high-resolution ana-
tomical scan. Talairach-transformed images had a re-
sampled resolution of 3 mm3. Time series were normalized
to percent signal change to allow comparisons across runs
and individuals by dividing signal intensity at each time
point by the mean intensity for that voxel and multiplying
the result by 100.

The functional runs were concatenated before creating
each participant’s individual level model, which included
three regressors for each of the stimulus types (male
faces, female faces, and shapes) by convolving the stim-
ulus timing files with canonical hemodynamic response
function. Six motion parameters were included as sepa-
rate regressors. General linear modeling was performed
to fit the percent signal change time courses to each re-
gressor. Linear and quadratic trends were modeled in
each voxel time course to control for correlated drift.

Next, the individual level regression coefficients were
submitted to random-effects, group level analyses. We
conducted regression analyses using the 3dRegAna pro-
gram within AFNI to explore how neural responses to
same-sex relative to opposite-sex faces changed as a func-
tion of age. Age was entered as a regressor in whole-brain
regression analyses, controlling for participants’ own sex.
For female participants, the contrast for the 3dRegAna
was male faces > female faces, and for male participants,
it was female faces > male faces, therefore representing
opposite-sex versus same-sex faces. Analyses examining
age-related effects to same-sex and opposite-sex faces
separately used the shapes block as the comparison
(i.e., same-sex > shapes; opposite-sex > shapes). Explor-
atory analyses examined age as a curvilinear predictor, in
which we entered age and age2 as simultaneous regres-
sors. For analyses examining pubertal status, age and
puberty were entered in whole-brain regression analyses
on the contrast of same-sex > opposite-sex faces, con-
trolling for participants’ sex.

Correction for multiple comparisons was applied at the
cluster level following Monte Carlo simulations conducted
in the 3dClustSim program within AFNI. This method
controls for Type I errors, offering a reasonable correc-
tion for multiple tests during group level analyses in
ROIs. For our a priori analyses in the amygdala, we used
a small-volume corrected threshold (Poldrack et al.,
2008). We used an anatomical ROI of the amygdala,
which was defined by tracing the anatomical boundaries
of the dorsal and ventral amygdala from a T1 template of

27 averaged structural scans. The Monte Carlo simulation
indicated a cluster-wise threshold at p < .05 with nine
contiguous voxels in the bilateral amygdala, correspond-
ing to p < .05, corrected. At a whole-brain level, the
Monte Carlo simulation indicated a cluster-wise threshold
at p < .05 with 156 contiguous voxels.

RESULTS

Behavioral Results

Group Attitudes for Same- and Opposite-sex Peers

Our first analyses examined behavioral attitudes toward
same- and opposite-sex peers. We calculated a bias score
by subtracting participants’ ratings to opposite-sex peers
from their ratings for same-sex peers, such that positive
scores indicate a bias toward the same sex and negative
scores indicate a bias toward the opposite sex. A bias
score was calculated for positive attributes and negative
attributes. We conducted a repeated-measures ANOVA
with bias scores (positive, negative) to same-sex minus
opposite-sex youth as the within-subject factor, age as a
between-subject factor, and participants’ own sex as a
covariate.
We found a significant interaction with age, such that

youths’ ratings of positive and negative biases to same-
and opposite-sex peers changed with age, F(3, 89) =
7.9, p = .006. To explore the interaction, we computed
paired-samples t tests to examine behavioral biases of
same- and opposite-sex youth across the four age groups.
As shown in Figure 1A, children showed a significant bias
reporting greater positive attributes to their same-sex
over opposite-sex and greater negative attributes to the
opposite sex over same sex, and preteens showed a
marginally significant bias favoring their same sex over
opposite sex (children: t(29) = 3.7, p < .001; preteens:
t(19) = 1.8, p = .09). Midteens and late teens did not
evidence a significant differential bias.
To further explore this age interaction, we examined

whether the age-related declines in behavioral biases were
being driven by a change in own-sex attitudes, opposite-
sex attitudes, or both. In other words, do positive biases
to same-sex peers decline with age because youth report
the opposite sex to have greater positive attributes with
age (i.e., reaching the level of same-sex attitudes) or
because youth report the same sex to have fewer positive
attributes with age (i.e., reaching the level of opposite-
sex attitudes)? We regressed age as a continuous predictor
onto youths’ positive attitudes for same-sex and opposite-
sex peers. Youth reported fewer positive attributes to their
own sex as they got older (β = −.36, B = −.09, SE = .03,
p< .001), whereas they did not evidence a developmental
change to the opposite sex (β= .05, B= .01, SE= .03, ns).
Thus, the significant age interaction is driven by a devel-
opmental decline in overly positive attitudes toward
youths’ own sex, such that they reach the level of their
opposite-sex attitudes with development (see Figure 1B).
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For negative attributes, participant ratings increased for
both same-sex (β = .52, B = .13, SE = .02 p < .001) and
opposite-sex (β = .22, B = .05, SE = .03 p < .05) peers
with age, but the effect was twice as large for same-sex
peers, such that they reached the level of their opposite-
sex attitudes with development (see Figure 1B).

Best Friend’s Sex

We compiled the parental ratings of participants’ best
friends across the two sessions, totaling a sample of
112 youth (five parents did not provide reports). As
shown in Table 1, only three parents reported their child
to have an opposite-sex best friend. Therefore, an over-
whelming bias was found across development, with
97.3% of youth having a same-sex best friend.

Behavioral Performance on Emotion-matching Task

Next, we examined behavioral performance during the
emotion-matching task. In a linear regression with age
as the predictor of opposite-sex accuracy and same-sex
accuracy, controlling for participants’ sex, youths’ accu-
racy (i.e., percentage of faces matched correctly with
emotion) significantly improved with age for opposite-sex
faces (β = .35, p < .05) but remained stable across devel-
opment for same-sex faces (β= .08, ns). We calculated the
difference between the two dependent correlations (Lee &
Preacher, 2013), which indicates a marginally significant

Table 1. Number of Same-sex and Opposite-sex Best Friends
Reported by Parents of Young Children, Children, Preteens,
Midteens, and Late Teens

Same Sex Opposite Sex

n

Young children 15 0

Children 30 1

Preteens 18 2

Midteens 24 0

Late teens 22 0

Total 109 3

Figure 1. (A) Children demonstrate a bias such that they report their own sex to have greater positive attributes and the opposite sex to have greater
negative attributes. This bias becomes marginally significant in preteens and disappears for midteens and late teens. (B) Children’s ratings
for positive attributes to same-sex peers declines significantly, and their ratings for negative attributes to same-sex peers increases significantly,
such that youths’ same-sex attitudes reach the level of their opposite-sex attitudes with development. ***p < .001, *p < .05, +p < .10. Error bars
represent the SEM.

Figure 2. Behavioral performance on the emotion-matching task. With
age, participants show improved accuracy for identifying the emotional
expression of opposite-sex faces, Accuracy for same-sex faces remains
high across development.
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difference (Z = 1.6, p = .05, one-tailed). As shown in
Figure 2, for the youngest participants, accuracy was lower
for opposite-sex relative to same-sex faces; with age, this
differential performance attenuated.

fMRI Results

Neural Sensitivity to Opposite-sex versus
Same-sex Faces

In whole-brain regression analyses, we examined neural
activation to opposite-sex > same-sex faces, using AFNI’s
3dRegAna with age as a regressor of interest and sex as a
covariate. We first examined neural activation to the in-
tercept of this contrast, which represents differential
neural activation to opposite-sex relative to same-sex
faces controlling for participants’ age and sex. As shown
in Figure 3A, youth showed significantly greater activa-
tion to opposite-sex relative to same-sex faces in the bi-
lateral dorsal amygdala (see Table 2). There was no main
effect for participant sex, suggesting that male and female
participants show similar patterns of amygdala activation
to opposite-sex relative to same-sex faces. For descriptive
purposes, we extracted percent BOLD signal change from
the right and left amygdala for opposite-sex faces >
shapes and same-sex faces > shapes and plotted the
mean estimates for male and female participants. As
shown in Figure 3B, both male and female participants
showed greater amygdala response to opposite-sex than
same-sex faces.

Age-related Changes in Neural Sensitivity to
Opposite-sex versus Same-sex Faces

Next, we examined how age was associated with neural
activation to opposite-sex > same-sex faces, controlling

for participants’ sex. As shown in Figure 4A, we found a
negative correlation in the bilateral amygdala, such that
with age, youth showed less activation in the amygdala
to opposite-sex relative to same-sex faces (Table 3).
For descriptive purposes, we extracted percent BOLD

signal from the significant bilateral amygdala clusters and
plotted the mean estimates by age. We divided the sample
into five developmental age groups, the same as those
used for the behavioral effects, this time with an additional
younger group representing young children (ages 4–6). As
shown in Figure 4B, with age, youth showed decreased
differentiation of opposite-sex relative to same-sex faces
in the bilateral amygdala. Whereas young children and
children demonstrated greater amygdala activation to

Table 2. Brain Regions Activated during the Emotional
Matching Task to Opposite-sex > Same-sex Faces

Anatomical Region x y z t k

R amygdala 14 −5 −12 5.9 103

L amygdala −17 −5 −10 4.9 114

R fusiform 41 −63 −14 10.5 3405a

L fusiform −43 −64 −15 8.1 a

Cingulate 0 11 39 4.4 1351

Middle frontal gyrus 2 −19 68 7.11 239

Participants’ age and sex are included as covariates. L and R refer to left
and right hemispheres; x, y, and z refer to Talairach coordinates; t refers
to the t score at those coordinates (local maxima); k refers to the num-
ber of voxels in each significant cluster. The amygdala is small volume
corrected, with cluster-forming threshold of p < .05 with nine contig-
uous voxels, corresponding to p < .05, FDR-corrected. All non-a priori
regions are listed at cluster-forming threshold of p < .05 with 156 con-
tiguous voxels, corresponding to p < .05, FDR-corrected. Regions
marked with the same superscript letter are part of the same cluster.

Figure 3. (A) Main effect of
amygdala response to opposite-
sex > same-sex faces,
controlling for age and sex.
(B) For descriptive purposes
only, we divided the sample
by participant sex and extracted
percent BOLD signal response
from the right and left amygdala
for opposite-sex and same-sex
faces. Error bars represent
the SEM.
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opposite-sex relative to same-sex faces, preteens, teens,
and late teens did not evidence differential amygdala
activation. To further explore this neural bias to sex as
we did in the behavioral analyses, we examined how age
related to amygdala activation to same-sex and opposite-
sex faces separately. In whole-brain regression analyses,
we correlated age onto neural activation to opposite-sex
faces > shapes and same-sex faces > shapes. We did not
find evidence of age-related increases or decreases in
amygdala activation to opposite-sex or same-sex faces,
suggesting that the original effect is being driven by the
differential response to same- relative to opposite-sex faces
rather than to developmental changes to one specific
group. To plot this pictorially, we extracted percent BOLD
signal change to opposite-sex faces > shapes and same-sex
faces > shapes from the amygdala clusters, which showed
the significant age-related effect to opposite-sex > same-
sex faces. As shown in Figure 5C, children showed strong

differentiation of same- and opposite-sex faces, but with
age, amygdala response to opposite-sex faces declined
slightly and amygdala response to same-sex faces increased
slightly, such that by the teenage years, youth no longer
evidenced differential amygdala response.

For exploratory purposes, we also examined age as a
quadratic term to test whether neural responses to
same-sex relative to opposite-sex faces changed in a cur-
vilinear pattern across development. We did not find evi-
dence of curvilinear age effects.

Puberty and Neural Sensitivity to Opposite-sex versus
Same-sex Faces

Next, we examined how pubertal status relates to neural
sensitivity to opposite-sex > same-sex faces within the
subsample of youth with pubertal data (n = 30). In
whole-brain regression analyses, pubertal status and age

Figure 4. (A) Correlating age on neural activation to opposite-sex > same-sex faces. Age is a continuous variable. (B) For descriptive purposes,
we divided the sample into five age groups and plotted amygdala response to opposite-sex > same-sex faces. With age, youth show decreased
differentiation to opposite-sex versus same-sex faces in the bilateral amygdala. Young children and children evidenced significantly greater amygdala
activation to opposite-sex than same-sex faces, whereas preteens, midteens, and late teens did not show differential amygdala response. Significance
levels, represented by symbols directly above the bars, represent post hoc, one-sample t tests indicating amygdala response significantly different
than 0. In addition, post hoc, two-sample t tests comparing each age group show that young children evidenced significantly greater differential
amygdala response than preteens, midteens, and late teens. Significance levels are represented by lines showing differences between age groups.
(C) Age-related changes in amygdala response to same-sex and opposite-sex faces. **p < .01, *p < .05, +p < .10. Error bars represent the SEM.
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were entered as continuous regressors with sex as a
covariate. As shown in Figure 5, adolescents with more
advanced pubertal development compared to their
same-aged peers show increased activation to opposite-
sex relative to same-sex faces in the bilateral amygdala
(right: t(27) = 3.6, p < .05, corrected, 37 contiguous
voxels, xyz = 18 −2 −10; left: t(27) = 4.3, p < .05, cor-
rected, 19 contiguous voxels, xyz = −16 −2 −10),
extending into the bilateral ventral striatum (right: xyz =
17 3 −5; left: xyz = −13 3 −7). In this same subsample,

age (controlling for pubertal status) was associated with
decreased activation to opposite-sex relative to same-sex
faces in the same region of the amygdala (t(27) =
4.2, p < .05, corrected, 30 contiguous voxels).

Amygdala Response to Sex Mediates Developmental
Changes in Behavioral Biases to Sex

Our final set of analyses examined whether the differ-
ential amygdala response to same- and opposite-sex faces
mediated the age effect on behavioral biases to sex. This
analysis included the 28 youth who participated in both
sessions. In a multiple regression analysis, youth evi-
denced a significant age-related decline in rating positive
attributes to same-sex youth (Figure 6). In addition,
youth showed a significant age-related decline in differ-
ential amygdala response to opposite-sex > same-sex
faces. Finally, declines in amygdala response related to
lower positive ratings of same-sex peers. Importantly,
the total effect was reduced to nonsignificant when
amygdala response was entered into the model. The
indirect effect is significant, B = .09, SE = .03, Z = 2.8,
p < .005, and the 95% confidence interval [.02, .20],
which was computed using the distribution of products
of the coefficients (PRODCLIN; Tofighi & MacKinnon,
2011), does not include zero, consistent with statistically
significant mediation. We did not find significant associa-
tions with negative traits or with attitudes to opposite-sex
peers. Furthermore, behavioral biases to same- or opposite-
sex peers were not correlated with amygdala response to
same-sex faces or opposite-sex faces separately. Thus,

Figure 5. Controlling for age,
higher pubertal status is
associated with increased
activation to opposite-sex faces
relative to same-faces in the
bilateral amygdala (n = 30).

Table 3. Brain Regions Activated as a Function of Age during
the Emotional Matching Task to Opposite-sex > Same-sex
Faces

Anatomical Region x y z t k

R amygdala 18 −2 −12 3.1 61

L amygdala −16 −2 −12 3.7 71

R fusiform 47 −61 −16 2.4 977

R fusiform 20 −85 −16 3.2 476a

L fusiform −25 −81 −15 2.8 a

R cingulate gyrus 2 14 39 3.1 217

Sex is included as a covariate. L and R refer to left and right hemi-
spheres; x, y, and z refer to Talairach coordinates; t refers to the t score
at those coordinates (local maxima); k refers to the number of voxels in
each significant cluster. The amygdala is small volume corrected, with
cluster-forming threshold of p < .05 with nine contiguous voxels,
corresponding to p < .05, FDR-corrected. All non-a priori regions are
listed at cluster-forming threshold of p < .05 with 156 contiguous
voxels, corresponding to p < .05, FDR-corrected. Regions marked with
the same superscript letter are part of the same cluster.
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age-related changes in amygdala response are specific to
the differential effect to same- and opposite-sex faces,
which is linked to developmental declines in positive rat-
ings to same-sex peers.

DISCUSSION

Sex is a highly salient social category in early childhood,
one that is learned by infancy and by which children
rigidly divide the world by age 6 (Serbin et al., 1994;
Trautner et al., 1992). Young children tend to exaggerate
sex boundaries within their play behaviors, intergroup
stereotypes, and peer choices (Aydt & Corsaro, 2003).
Our findings replicate behavioral research in human
and primate youth (e.g., Mahajan et al., 2011; Alexander
& Hines, 2002; Powlishta, 1995; Serbin et al., 1994;
La Freniere et al., 1984), showing that young children
evidence strong biases favoring their sex ingroup over
outgroup, and such biases wane across development.
We demonstrate that these behavioral biases are asso-
ciated with differential amygdala response to same- versus
opposite-sex faces, highlighting the amygdala’s role in
detecting cooties across development.
We found developmental declines in behavioral biases

favoring same-sex peers. Only the youngest children in
our sample demonstrated a behavioral sex bias such that
they rated same-sex peers as havingmore positive attributes
than opposite-sex peers whereas they rated opposite-
sex peers as having more negative attributes than same-
sex peers. With development, this bias favoring the
ingroup dissipated, such that older youth rated same-sex
and opposite-sex peers as having equal levels of negative
and positive attributes. Our finding of a peak in sex-related
stereotypes in early childhood followed by a develop-
mental decline in favoring the ingroup over outgroup is
consistent with prior research, showing that rigid sex-
related behaviors wane across development (Zosuls et al.,
2011; Serbin et al., 1993; Trautner et al., 1992). We also
found that accuracy during the emotion-matching tasks
changed across development only for opposite-sex faces,
such that accuracy was low early in development and
became equal to same-sex performance later in develop-
ment. Finally, we found a very large preference for same-

sex friendships. Taken together, these behavioral mea-
sures provide evidence for strong sex-biases evident in
young children.

Our behavioral effects were perfectly paralleled by devel-
opmental shifts in amygdala sensitivity to sex. Whereas
young children demonstrated significantly greater amyg-
dala activation to opposite-sex faces compared to same-
sex faces, this effect was completely attenuated by late
childhood. Remarkably, children as young as 4 years showed
significantly greater amygdala activation to opposite-sex
faces compared to same-sex faces, highlighting how early
sex-biases develop. Such early development of sex biases
may lay the foundation for sustained patterns of sex-typed
behaviors. Indeed, we found that 96% of participants had
same-sex best friends, even in adolescence, despite de-
creased behavioral and neural biases to sex. This is consis-
tent with work showing that preference for same-sex
playmates remains strong or even increases across devel-
opment (Serbin et al., 1993), despite decreases in own-
group favoritism (Egan & Perry, 2001). Therefore, although
behavioral and neural biases to sex may have declined,
such early developing biases may impact behavior through-
out development via friend choices. Thus, the impact of
early sex biases marked by strong ingroup favoritism has
potentially long lasting implications, resulting in avoidance
of opposite-sex best friends throughout the life span.

Mediation analyses indicated that heightened amyg-
dala response to opposite-sex relative to same-sex faces
explained, in part, developmental declines in strong in-
group positivity biases. As the amygdala becomes less
sensitive to the opposite sex, ingroup favoritism declines.
Together, these findings suggest that the well-known
“cooties effect” may be driven by early developing biases
favoring the ingroup coupled with heightened amygdala
response to opposite sex faces. Thus, cooties may not
only represent negativity toward the opposite sex but
also strong ingroup favoritism, which renders the oppo-
site sex more salient and interesting. Indeed, the amyg-
dala codes for stimuli that are both positive and negative,
unusual and interesting, andnovel andunfamiliar (Balderston
et al., 2011; Hamann et al., 2002).

Although we found normative developmental declines
in amygdala response to opposite-sex relative to same-
sex faces, youth who had more advanced pubertal matu-
ration compared to their same-aged peers evidenced
heightened amygdala response to opposite-sex faces.
That puberty predicted increase in amygdala response
that was independent of age suggests that there is some-
thing unique about pubertal maturation that renders
opposite-sex faces more salient. It is possible that this
occurs through both biological (e.g., sex hormones)
and social (e.g., socialization) processes. For instance,
theories of gender salience suggest that gender inten-
sification occurs around the time of puberty when phys-
ical maturation and the development of secondary sex
characteristics intensifies gender-related roles and expec-
tations (Hill & Lynch, 1983), suggesting a strong role of

Figure 6. Amygdala response to opposite sex > same sex faces
mediates developmental changes in behavioral biases favoring
same-sex peers.
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social processes in increasing the salience of sex differ-
ences. In addition, biological processes likely are at play.
For instance, the amygdala is densely innervated by
gonadal steroid receptors and undergoes significant func-
tional reorganization during puberty (Romeo, Diedrich,
& Sisk, 2000; see Sisk & Zehr, 2005; Romeo, 2003).
Indeed, puberty, and not just age, is associated with
enhanced amygdala reactivity to socioemotional stimuli
(Moore et al., 2012), consistent with models indicating
that puberty involves a social reorientation of the brain
(Nelson, Leibenluft, McClure, & Pine, 2005; Sisk & Foster,
2004). Thus, opposite-sex faces regain emotional rele-
vance as youth transition into sexual maturity. In addi-
tion, the amygdala activation extended into the ventral
striatum only at puberty and not in childhood. The ven-
tral striatum codes for salient and rewarding stimuli and
has been associated with attractiveness judgments for
opposite-sex faces in adults (Cloutier, Heatherton,
Whalen, & Kelley, 2008). Both sex hormones and social
influences around the time of puberty increase sexual
interest for male and female adolescents (Halpern,
Udry, & Suchindran, 1997; Halpern, Udry, Campbell, &
Suchindran, 1993), which may render opposite-sex faces
a more salient and rewarding stimulus. Together, our
findings indicate that the amygdala codes for sex during
two developmental periods, early childhood and pubertal
maturation, are times during which opposite-sex peers
are increasingly salient and motivationally relevant social
categories.

Altough traditional theories proposed that the amyg-
dala is critical in the detection and processing of threat
(Phelps & LeDoux, 2005), recent research and theory
suggests that the amygdala is sensitive to stimuli of any
valence that are motivationally relevant and salient,
signaling to the organism what is important in the envi-
ronment and worth paying attention to (Cunningham,
Van Bavel, & Johnsen, 2008; Sander, Grafman, & Zalla,
2003). Importantly, the amygdala responds to salient
social categories, a neural response that is not static
but depends on the motivational relevance of the social
group and the individuals’ current goals and values
(Cunningham & Brosch, 2012; Cunningham et al.,
2008). Goals and values will inherently change across
development as social categories change in their relative
salience, and so the amygdala will code for social catego-
ries differentially across development. Indeed, our find-
ings highlight that amygdala sensitivity to social stimuli
is modulated by which social category is important dur-
ing particular developmental stages. The amygdala be-
comes tuned toward sex during early childhood and
puberty, and we previously found that the amygdala
becomes tuned toward race during adolescence (Telzer
et al., 2013). Sex identity develops relatively early, and
sex tends to be a highly salient social category among
young children (Martin & Ruble, 2009; Aydt & Corsaro,
2003). During adolescence, racial identity becomes a
more salient social category (Ocampo, Bernal, & Knight,

1993), and for youth going through puberty, opposite-sex
peers regain salience, perhaps because of increasing
sexual interest. Together, our findings highlight the role
of the amygdala in detecting the developmentally chang-
ing salience of these social categories, a neurobiological
signal that will facilitate future learning about important
social categories.
Sex biases are found across species (Mahajan et al.,

2011; Alexander & Hines, 2002) and tend to increase
around the time of puberty when the brain goes through
a social reorientation (Nelson et al., 2005; Sisk & Foster,
2004). In both human, primate, and rodent youth, gen-
etic females exposed to androgenic hormones prenatally
show increased preference for male playmates (Hines
& Kaufman, 1994; Berenbaum & Hines, 1992; Goy,
Bercovitch, & McBrair, 1988; Meaney & McEwen, 1986),
thought to arise because androgen has direct impacts on
neural development in relevant brain regions, such as the
amygdala (Alexander, 2003). Together, these findings
suggest, in part, that there may be innate, biological pro-
cesses that underlie sex-segregated behaviors and pref-
erences. In addition, although most cultures around the
world show relatively strong ingroup sex preferences,
suggesting a universality to gender biases, gender iden-
tity varies in salience and rigidity across cultures, sug-
gesting that gender segregation is also socialized and
constructed through cultural learning (Aydt & Corsaro,
2003). Therefore, cultural, biological, and social pro-
cesses likely account for sex-related biases. Future re-
search should attempt to untangle the extent to which
developmental changes in amygdala response to opposite-
sex faces are accounted for by biological versus socio-
cultural influences.
Although our findings suggest that behavioral and

neural biases to sex change across development, it is
important to acknowledge that all face stimuli were
adults. It would be important to replicate our findings
with age-matched stimuli. It is possible that the amygdala
would respond differentially to similar-aged faces and
faces of adults. However, a recent study found that the
amygdala is similarly active to adult faces and child faces
among youth who are 8–16 years (Marusak, Carré, &
Thomason, 2013). Moreover, the face stimuli in our study
were age incongruent for all participants. Importantly,
the amygdala response to opposite-sex faces (even to
age-incongruent faces) paralleled the age-related change
in appraisals of same- and opposite-sex peers, suggesting
that this effect may be independent of the age of the
models. Finally, our study relies on a cross-sectional
sample of youth. Although our ages span an impressive
range from 4 to 18 years, cross-sectional studies do not
provide the ability to examine neural changes. Future
studies should use longitudinal methods to examine
developmental changes within participants.
In summary, sex-segregated patterns of social inter-

actions are found across species, cultures, and decades
of research. Such rigid sex-segregated behaviors and
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attitudes are therefore normative developmental experi-
ences. Here we provide the first evidence that cooties are
mediated by heightened amygdala response to opposite-
sex faces relative to same-sex faces. The amygdala there-
fore plays an integral role in coding for motivationally
salient and developmentally specific social categories.

Reprint requests should be sent to Eva H. Telzer, Department of
Psychology, University of Illinois, 603 E. Daniel St, Champaign,
IL 61820, or via e-mail: ehtelzer@illinois.edu.
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