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Abstract
Evolutionary theories have suggested that a female superiority in the recognition of facial emotion may be an adaptation that
arises from women’s greater responsibility and investment in child-rearing and infant care. In a previous study, we showed a
female superiority on a set of computer-administered emotion recognition tasks that was most prominent for the discrimination of
negatively as opposed to positively valenced facial expressions (e.g., fear), providing empirical support for the “fitness threat”
hypothesis. In the present study, we further investigated sex differences in a new sample of 95 healthy men and women of
reproductive age (Mage = 22.09 years), using images of both children’s and adult’s faces as stimuli to evaluate the speed and
accuracy of emotion recognition. A female superiority in accuracy, which was more pronounced for negative than positive
expressions, was found for adult face stimuli, replicating our previous findings. The sex difference was shown to extend robustly
to infant and toddler faces, which represent a more ecologically valid test of the fitness threat hypothesis. Direct parenting
experience, but not other forms of learned experience involving young children, was also found to be associated with the
accuracy of emotion discrimination. Implications of this association are discussed.
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Introduction

The capacity to decode facial expressions of emotion is im-
portant to everyday social interaction and is diminished in
certain developmental disorders (e.g., Van Rheenen and
Rossell 2014; Kuharic et al. 2019) or in individuals who ex-
perienced early life adversity (Russo et al. 2015). The latter
observation suggests that accurate facial decoding is at least
partly learned. However, evolved mechanisms are also be-
lieved to exist, which enable a receiver to judge another indi-
vidual’s emotional state on the basis of a characteristic facial
signal and thereby anticipate future actions (Ekman 1997; c.f.,
Russell et al. 2003). Ekman and others (Ekman 1994; Izard
1994) proposed that a limited set of facial expressions is innate
and carries universal signal value for the emotions happiness,

sadness, anger, fear, disgust, and surprise. Parallel expressions
are observed in other primate species (Van Hooff 1976). In
humans, the production of this basic set of emotional expres-
sions and their interpretation by a perceiver is found cross-
culturally (Ekman et al. 1987; but see Russell et al. 2003).

Studies of the basic set of emotions have often, though not
invariably, reported a sex difference, which can be detected as
early as infancy (McClure 2000) but is largest in young adults
(Thompson and Voyer 2014) and varies in magnitude depend-
ing upon the methodology used to evaluate it. Women and
girls reportedly enjoy a modest advantage over men and boys
in the rapid and/or accurate discrimination of facial expres-
sions (e.g., Hampson et al. 2006; Anderson et al. 2011; for a
review, see Thompson and Voyer 2014). However, the sex
difference ranges from small to moderate and is not always
found (e.g., Calder et al. 2003; Grimshaw et al. 2004). Some
researchers have argued that any genuine sex difference might
be limited to a single emotion (e.g., disgust, Connolly et al.
2019; or sadness, Mandal and Palchoudhury 1985), or may be
dependent on subject variables such as age of the perceiver
(Williams et al. 2009). A recent meta-analysis of 551 effect
sizes from 215 samples concluded that a sex difference in
favor of females does exist, but the magnitude of the female
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superiority appears to be moderated by a number of factors,
many of them not completely understood (Thompson and
Voyer 2014).

In a previous study (Hampson et al. 2006), we found that
the emotional valence of a facial display may be one important
moderator of whether or not a sex difference is seen, and its
magnitude. Using a set of computerized forced-choice tasks,
we found that women were faster than men at recognizing
both positive and negative emotions from facial cues, but the
sex difference was accentuated for negatively valenced emo-
tions. This interaction was interpreted as preliminary support
for the “fitness threat hypothesis” (described in Hampson et al.
2006). The fitness threat hypothesis derives from a broader
theory by Babchuk and colleagues (“the primary caretaker
hypothesis”; Babchuk et al. 1985), which argues that females,
as the sex that dominated childcare throughout hominid evo-
lution, have evolved specific adaptations that increase the
probability of offspring survival (Babchuk et al. 1985). The
fitness threat hypothesis elaborates on this idea by emphasiz-
ing the special significance of negative emotions. It predicts
that a female superiority in emotional decoding may be limit-
ed to negative expressions because it is specifically negative
expressions, when displayed by infants or toddlers, that signal
a potential threat to offspring survival (e.g., fear may denote
the presence of danger, disgust the ingestion of a noxious or
harmful substance, or sadness either physical pain or a failure
to thrive), calling for action on the caretaker’s part. The fitness
threat hypothesis does not deny that these emotions are sepa-
rate entities, both neurologically and functionally, yet they are
united by the fact that they call for intervention by a caretaker
(Hampson et al. 2006). On the other hand, positive emotional
displays do not carry any immediate survival imperative.
Although both sexes do have a stake in infant survival, the
prompt and accurate identification of a potential threat to well-
being is a fundamental adaptation to the role of primary care-
taker and would be maximized in the sex making the largest
investment in offspring.

The fitness threat hypothesis has received preliminary sup-
port in our own and subsequent studies (e.g., Anderson et al.
2011; Hampson et al. 2006; Parsons et al. 2019;Williams et al.
2009; see Thompson and Voyer 2014, for a review), but ex-
plicit and deliberate tests of the hypothesis are still lacking.
Importantly, it has yet to be tested by using children’s faces as
visual stimuli. Progress has been hindered by the absence of
well-validated, standardized image databases consisting of in-
fants’ and toddlers’ faces that depict the full spectrum of basic
emotions (but see Maack et al. 2017). For this reason, nearly
all the existing research has focused on sex differences in the
recognition of emotion in adult faces.

One exception is Babchuk et al. (1985) who reported an
overall female advantage in the verbal labelling of children’s
emotions, using as stimuli 20 slides of children’s faces
depicting 8 identifiable emotions (e.g., fear, physical distress).

A main effect of sex collapsed across the 8 emotions was
reported. However, the magnitude of the sex difference was
not compared for positive versus negative expressions. More
recently, Proverbio and colleagues presented infant facial ex-
pressions chosen to be either weakly or strongly positive or
negative and found that women were more accurate than men
at interpreting the directional valence of the expressions, “es-
pecially weakly negative expressions” (Proverbio et al. 2007,
p. 480). Though not expressly designed to test the fitness
threat hypothesis, Proverbio et al.’s study supports the possi-
bility that negative faces elicit a larger female advantage.

Relatively little work has explored the possible role of ex-
pertise or experience in modifying the ability to discriminate
facial emotion. The decoding of children’s faces brings up the
issue of expertise effects directly because, unlike judgments
based on adult faces, men and women may differ substantially
in their cumulative past experience with infants and toddlers.
A role for learning in facial affect decoding has been sug-
gested (Tottenham 2013), acting in conjunction with neurobi-
ological mechanisms thought to be innate. Learning processes
may contribute to an individual’s ability to assign emotional
meaning to facial expressions. Such learning may be acquired
beginning in childhood via classical conditioning and expo-
sure to specific facial configurations that typify the human
species in their natural emotional context. Thus, there may
be plasticity in the ability to decode faces, which is contingent
upon experience. A role for experience is supported by alter-
ations in facial processing reported to result from social dep-
rivation in childhood or by improvements in facial decoding
in special populations after deliberate instruction and practice
(Javanbakht et al. 2015; Lopata et al. 2012; Russo et al. 2015;
Székely et al. 2014). However, whether expertise acquired at
older ages (e.g., beyond childhood) can refine the speed or
accuracy of facial decoding is unclear.

Neither Babchuk et al. (1985) nor Hampson et al. (2006)
found that direct experience with young children played a
significant role in the sex differences they observed.
However, parenting one’s own children confers intensive ex-
perience and might occupy a special status. In favor of parent-
ing having a potential to modify the decoding of children’s
faces, infants’ and children’s faces elicit greater attentional
engagement in adult observers than adult faces do, particularly
among those with parenting experience (Thompson-Booth
et al. 2014). Furthermore, brain regions influenced by emotion
such as the prefrontal cortex may be differentially activated in
parents versus non-parents by viewing emotional infant faces
(Nishitani et al. 2011; Proverbio et al. 2006). In addition,
Proverbio et al. (2007) found that “expert” viewers (9 women,
8 men), some of whomwere parents, were more accurate than
non-experts in identifying the emotional valence (positive or
negative) and emotional intensity (weak or strong) of infant
faces. Whether the sex difference in recognizing facial emo-
tion is influenced by parental experience has not been
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established. In fact, this important demographic characteristic
has been largely overlooked bymost researchers. To the extent
that accuracy of emotion recognition is influenced by experi-
ential and not just innate variables, it is imperative that re-
searchers begin to inquire about parental experience, in order
to determine if any sex difference in the recognition of chil-
dren’s emotional expressions is moderated, or even explained,
by differences in accumulated past exposure to young
children.

The present study was designed to further test the fitness
threat theory proposed by Hampson et al. (2006). Both adult
faces and, importantly, children’s faces were employed as
stimuli. Three separate statistical hypotheses derived from
the fitness threat theory were identified a priori and tested
using a set of planned F tests. Each hypothesis predicted the
presence of a specific valence-related interaction effect which,
if supported, would constitute further evidence for the fitness
threat proposal:

1. We hypothesized that a sex difference would be found in
the recognition of emotion in adult faces and would be
most prominent for negative emotional expressions.
Specifically, a female advantage that is selective to nega-
tive emotions would support the fitness threat hypothesis.

2. The fitness threat hypothesis proposes that the female ad-
vantage derives from the necessity to properly decode
emotion in the facial expressions of young dependent
children who have limited verbal skills. Accordingly, we
predicted that a female advantage, larger for negative than
positive expressions, would be found for infants’ and tod-
dler’s faces. This interaction effect is at the heart of the
fitness threat hypothesis.

3. Because of their greater ecological validity, we further
predicted that the magnitude of the sex difference might
be enhanced for children’s faces relative to adult faces. To
test for a difference in effect size, responses to the child
and adult faces were contrasted directly in a third analysis.
A three-way interaction between sex of observer, emo-
tional valence, and age of the stimulus face was expected.

To enable the clearest test of the fitness threat hypothesis,
we kept track of parental status among our study volunteers.
The three hypotheses were evaluated conservatively, with on-
ly non-parents included in all statistical analyses. In keeping
with the concept of an evolved adaptation, we predicted that
parental experience would not be a necessary prerequisite for
a sex difference to be seen. In addition, because our study
recruitment did capture a small number of individuals with
direct parenting experience (n = 23), we performed an explor-
atory data check to evaluate whether greater experience with
young children acquired through parenting was associated
with increased accuracy in the decoding of children’s facial
expressions.

Method

Participants

Ninety-five volunteers (50 women, 45 men) participated.
Target sample size was established based on our previous
work that used the same emotional recognition task as the
present study and its estimated effect size of f = .25
(Hampson et al. 2006). Seventy-two were non-parents and
23 were parents of a child aged 5 or younger. The mean age
was 22.09 ± 6.78 years. Parents reported having 1–2 children
on average (M = 1.57). Participants were recruited through
flyers or an on-line portal at Western University and partici-
pated for a research course credit or were reimbursed for their
participation. All participants had normal or corrected vision.

Procedure

Testing was conducted individually. The session began with a
Snellen visual acuity test followed by a standardized mood
questionnaire (Profile of Mood States; McNair et al. 1971).
Participants then completed a set of face discrimination tasks
(described below) that began with a practice condition (Face
Matching) and ended with a non-face control condition that
assessed the ability to rapidly make a direct perceptual match
(Pattern Matching). In between, participants completed the
Adult and Child Emotion recognition conditions, which
assessed the ability to recognize facial expressions displayed
by adults or by toddlers/infants, respectively. The order of the
adult and child conditions was counterbalanced within each
group (men, women, parents, non-parents). This was then
followed by an Emotion Labelling task, in which participants
were asked to verbally identify the emotion shown in each of
the infant and toddler images that had been presented earlier,
during the Child Emotion condition. The session ended with a
test of word meanings (Verbal Meaning Test; Thurstone and
Thurstone 1963) and the collection of parenting and other
child experience data using a structured questionnaire.
Accuracy and response time (RT) were the dependent vari-
ables of interest on each of the face discrimination tasks.

Facial Discrimination Tasks

Stimuli for the face discrimination tasks were presented on a
desktop PC (3.2 GHz) equipped with 8 GB of RAM (64-bit).
Stimulus presentation and recording of response times (RTs)
were controlled via E-Prime (E-Prime 2.0, Psychology
Software Tools, Sharpsburg, PA). Participants sat 60–75 cm
in front of a 60-cm high-resolution LG monitor (1920 ×
1080). Images were presented centrally and were a fixed size
(22 × 16 cm), except for the Child Emotion condition where
images were slightly smaller to better approximate the true
size of infant or toddler’s faces (about 15 × 14.5 cm). The
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faces were gray scale digitized photographs from either the
Pictures of Facial Affect (Ekman and Friesen 1976) or, for the
infant/toddler faces, from the IFEEL Pictures (Infant Facial
Expressions of Emotion from Looking at Pictures; Emde
et al. 1987) and internet sources. As in Hampson et al.
(2006), permuted faces were used in the Pattern Matching
condition to provide stimuli that were unrecognizable as faces
but preserved all of the contour information available in the
original images.

Trials were self-paced. Each trial was initiated by a
keypress. Timing of the RT began at image onset and was
terminated by a keypress to yield the RT (in milliseconds)
on each trial, which was automatically recorded by the com-
puter. Participants were instructed to press the spacebar as
quickly as possible while still being accurate. A visual mask
was displayed for 20 ms at image offset to terminate further
visual processing (Breitneyer 1984). To determine whether a
participant had made the correct discrimination on each trial,
he/she was instructed to point to the correct choice on a lam-
inated response card placed on an upright stand beside the
computer screen. All choices were manually recorded by an
examiner. This procedure was used to avoid the inaccuracies
in RT measurement commonly introduced on each trial by the
use of a six-button horizontal or vertical physical or digital
button choice array and the left-to-right or top-to-bottom scan-
ning biases they elicit during decision-making.

The response card for the Adult Emotion Recognition con-
dition is shown in Fig. 1. For each of the four conditions, the
response card contained six images (6.75 × 4.5 cm or 6.5 ×
5.5 cm) arrayed in two vertical columns of three. Before each
condition was administered, participants were shown the re-
sponse card and were allowed to study the images.
Participants signaled when they felt ready to begin.

The following four face discrimination conditions were
administered by computer. Within each condition, the order
of the trials was randomized individually for each participant.
Face Matching was a practice condition only. It was always
administered first and allowed participants to practice for
speed and to familiarize themselves with the standardized
stimulus presentation and response format to be used in each
of the emotion recognition conditions that followed. The order
of the Adult Emotion and Child Emotion conditions was
counterbalanced.

Face Matching

As described in Hampson et al. (2006), this was a practice
condition. It required a direct match with the images shown
on the response card, but no emotional processing. The faces
of six different individuals were presented four times each for
a total of 24 trials. All faces had a neutral expression. On each
trial, participants pressed the spacebar immediately upon

realizing which face had appeared on the screen, then pointed
to the matching face on the response card.

Adult Emotion Recognition

This condition was identical to the one used previously by
Hampson et al. (2006). Briefly, participants were asked to
discriminate emotional expressions depicted on adult faces.
On each trial, a face appeared in the center of the screen,
displaying one of six basic emotions (Happy, Sad, Fear,
Anger, Disgust, Neutral1). Neutral faces lacked overt markers
of either positive or negative affect (e.g., wrinkling of the
nose). There were 60 trials and each image appeared only
once. On each trial, the face on the computer was of a different
person but displayed the same facial expression as one of the
six faces on the response card. The response card showed the
six emotions displayed by a single individual who did not
appear on any of the 60 trials. Participants were instructed to
press the spacebar immediately upon recognizing the emotion
that was portrayed, then pointed to the matching emotional
expression on the response card. A correct response required
participants to recognize the emotion depicted. Because a dif-
ferent individual was pictured on the response card, direct
perceptual matching of the images based on individual iden-
tity was impossible.

Child Emotion Recognition

The Child Emotion Recognition condition was constructed for
the present study and paralleled the Adult Emotion
Recognition condition in every respect, but employed infants’
and toddlers’ faces instead of adult faces as stimuli (see Fig. 2
for examples). There were 74 trials, each consisting of a
child’s face viewed from a frontal position and displaying
one of the same six emotions (Happy, Sad, Fear, Anger,
Disgust, Neutral). As in the Adult Emotion condition, each
face on the computer screen was of a different identity but
wore an emotional expression that matched one of the six
emotions shown on the response card. The faces on the re-
sponse card did not appear in any of the 74 trials. Participants
pressed the spacebar immediately upon recognizing which
emotion was portrayed on each trial, then pointed to the
matching expression on the response card.

Pattern Matching

This condition required a direct perceptual match, but non-
face stimuli were used. One of the Ekman images was per-
muted to make the face unrecognizable and two small black
rectangles were superimposed on the resulting image. On each

1 Happiness is the only positive facial expression identified by Ekman and
others as innate.
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trial, the rectangles appeared at one of six locations upon the
image. Participants were asked to press the spacebar as quick-
ly as possible then point to the identical image on the response

card. There were 24 trials. This condition served as a control
task to establish each individual’s baseline level of speed and
accuracy of responding.

Fig. 1 Example of the response
card layout. Shown here is the
response card used in the Adult
Emotion condition. (Reprinted
from Evolution and Human
Behavior, 27, Hampson E, van
Anders SM, Mullin LI, A female
advantage in the recognition of
emotional facial expressions: test
of an evolutionary hypothesis,
401–416 (2006), with permission
from Elsevier)
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The dependent variables for all of these tasks were RT and
accuracy. Accuracy was scored as the percentage (or propor-
tion) of images correctly identified in each condition. RTwas
scored as the median response time (in milliseconds) based on
all trials within each condition where a correct response was
made. In the Adult and Child Emotion conditions, separate
accuracy and RT scores were calculated for each of the six
emotions individually, as well as two composites that reflected
performance for the Positive emotions and Negative emotions
collectively. One composite (Positive) represented the mean
RT (or accuracy) for all conditions in which a positive emotion
was presented (Happy or, for the children’s faces, Happy and
Neutral). Neutral faces were classified as Positive for chil-
dren’s images, because for children, the neutral expressions
had a distinctly pleasant valence (Fig. 2). The other composite
(Negative) represented the mean RT (or accuracy) averaged
across all conditions in which a negative emotion was present-
ed (Fear, Disgust, Anger, Sadness).

Other Tasks

Emotion Labelling

Following the computerized conditions described above, an
Emotion Labelling task was given. Each of the emotional
images used in the Child Emotion Recognition task was
mounted in an album, and participants were asked to verbally
name the emotion depicted in each image. Responses were
recorded verbatim. Although each image had originally been
selected based on the characteristic muscle contraction pat-
terns of the face, the purpose of the Emotion Labelling task
was to collect consensus norms as to which of the primary
emotions was expressed in each photo. Unlike the procedures
often used to derive norms for other image sets (e.g., LoBue
and Thrasher 2015;Maack et al. 2017), a forced-choice format
(choosing among only the 6 target emotions) was not used,
and instead free report was allowed. At the end of the study,
the verbal labels supplied by all 95 participants were com-
bined with additional data from another 15 raters not included
in the present study, for a total of 110 verbatim labels for each

face image. Three independent judges then classified each
verbatim response (e.g., “about to cry,” “scared”), into one
of the six emotional categories (Sad, Fear, Disgust, Anger,
Happy, Neutral) or assigned it to a miscellaneous “Other”
category if it did not fall within the primary six. Labels were
considered semantically equivalent if they were synonymous
with the target emotion (e.g., “mad” was considered equiva-
lent to “angry”; “calm” was considered equivalent to “neu-
tral”). Agreement across the three independent judges was
high (M = 96%). Based on the resulting norms, 4 images were
discarded from consideration (3 blends, 1 duplicate) leaving
70 images that were then scored for RT and accuracy in the
Child Emotion Recognition condition described above.

Verbal Meaning Test (Thurstone and Thurstone 1963)

This test was administered to assure there were no chance
differences in general ability between the sexes that could
affect perceptual scores. Four minutes were allowed to com-
plete 60 items. On each item, the participant had to choose the
word from a list of 5 multiple-choice alternatives that matched
the meaning of a target word. The score was the number cor-
rect (max = 60).

Parenting and Child Experience Questionnaire

Data on parenting and other significant exposure to young
children were collected by a structured questionnaire. All par-
ticipants irrespective of parent status were asked to report the
total amount of experience they had with infants and children
aged 5 or under in several contexts: (i) taking care of a youn-
ger sibling, (ii) other babysitting experience, (iii) taking care
of their own child, (iv) as a daycare or preschool worker, (v) as
camp counselor or swimming instructor, and (vi) other child
experience. For each context, participants rated their cumula-
tive lifetime experience on a scale that ranged from 0 (little or
no experience) to 4 (greater than 500 h of cumulative experi-
ence), and in addition a total score was derived by summing
the ratings across the six contexts.

Fig. 2 Three examples illustrating the type of infant or toddler face images used as stimuli in the Child Emotion condition. A unique image was used on
each of the 74 trials and was presented in the center of the computer screen. (Images from iStock.com)
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Any participants who were parents were further asked to
indicate how various parenting duties were normally allocated
at home between themselves and their partner. Specifically,
any participant who reported being a parent was asked to
indicate what percentage of the time they (versus their partner)
were the one who performed the following basic childcare
activities: feeding the child, changing clothing or diapers,
bathing the child, playing with child, singing to child, putting
child to sleep, carrying child for transport, calming child when
angry or upset, and disciplining the child. The percentage
reported for each activity was recorded. These nine activities
were chosen because they may differentially expose the
tending parent to particular emotions on the part of the child
and therefore may confer an acquired advantage in recognition
through direct experience.

Statistical Analysis

Data for all the Facial Discrimination tasks were screened for
outliers prior to statistical analysis, which affected < 1% of the
raw data. Wherever possible, mean replacement (Tabachnick
and Fidell 1996) was used to rescue any outlying scores iden-
tified in order to avoid any reduction in sample size caused by
missing datapoints. Each of the three hypotheses we had iden-
tified in advance was evaluated independently by a separate
ANOVA, to probe for the interaction effects predicted by fit-
ness threat theory (Hampson et al. 2006). Specifically, mixed
analysis of variance (ANOVA) with Sex (Male, Female) as a
between-subjects factor and Emotional Valence (Positive,
Negative) as a within-subjects factor was used to evaluate
each hypothesis.2 To assure the clearest test of the fitness
threat theory, only non-parents were includedwhen evaluating
Hypotheses 1, 2, and 3. Although conservative, this procedure
recognizes that associative learning derived from daily expo-
sure to children confounds any pre-existing adaptations that
may be present and complicates interpretation. Thus, all the
major analyses included only non-parent participants. Age of
Face (Adult, Child) was included as an additional, third, factor
to test Hypothesis 3. On a purely exploratory basis, we ran one
further three-way ANOVA of the children’s face data, which
incorporated the parent group as well as non-parents and in-
cluded Parental Status (Parent, Non-parent) as a third factor.

T tests for independent samples were performed to confirm
that sex did not influence scores in the control conditions

(Face Matching, Pattern Matching) and that the males and
females were matched demographically.

Because our hypotheses were theoretically guided and
pertained to positive and negative emotions collectively not
to specific individual emotions, the composite accuracy or RT
scores formed the major dependent variables of interest.

Results

Control Tasks

High levels of accuracy were observed in the Face Matching
(M = 96.2%, SD = 5.74 and M = 96.5%, SD = 5.66) and
Pattern Matching tasks (M = 98.8%, SD = 2.29 and M =
98.0%, SD = 4.09) for men and women respectively, indicat-
ing a high level of care and attention during the computerized
tasks. There was no evidence of a sex difference. Thus, men
and women showed highly comparable levels of performance
in the two control conditions where no emotional discrimina-
tion was required. However, for the two emotional face rec-
ognition tasks (described below) sex differences were ob-
served, as predicted. Effects were predominantly evident in
accuracy and only rarely in RTs. Accordingly, the description
of results for each hypothesis below centers on the accuracy
findings, except where RT was relevant.

Hypothesis 1: Recognition of Adult Emotional
Expressions

To address the first hypothesis, we analyzed whether a sex
difference was evident in the ability to discriminate emotion
in adult faces. Only non-parents were included in the ANOVA
(n = 36, 35) to avoid any potential facilitative effects associat-
ed with parenting. A mixed factorial ANOVAwith Sex (Male,
Female) and Emotional Valence as factors revealed a signifi-
cant main effect of valence. Accuracy was significantly higher
for the recognition of positive than negative emotions, F (1,
69) = 284.13, p < .001 (Fig. 3, top). More importantly, a sig-
nificant interaction between sex and valence was found, F (1,
69) = 5.21, p = .026 (see Fig. 3). Consistent with the fitness
threat hypothesis, women (M = 0.76, SD = 0.09) showed su-
perior accuracy compared to men (M = 0.71, SD = 0.09) when
identifying the negative expressions that collectively formed
the negative composite (d = 0.56) (p < .025 by a simple effects
test, F (1, 69) = 6.67). There was no significant sex difference
in the recognition of positive expressions (M = 0.94, SD =
0.07 andM = 0.95, SD = 0.07 for women and men, respective-
ly), nor was the overall main effect of sex statistically signif-
icant, F (1, 69) = 1.61, p = .209.

T tests showed that the male and female groups were close-
ly matched on age (M = 18.62, SD = 1.05 and M = 18.64,
SD = 1.02, respectively; t (68) = 0.09, p = .932) and on general

2 The ANOVAs were run with one male excluded whose RTs were > 3–5 SDs
slower than the mean RT for the sample as a whole. In addition, for the
exploratory analysis of the parent data, one female was excluded (a parent)
whose response accuracy was below a minimum criterion of 75% correct in
the practice condition (Face Matching). Face Matching did not require any
emotional decoding whatsoever—the faces presented on the computer merely
had to bematched directly by pointing to the same, identical, face image on the
response card. Such low accuracy even under direct matching conditions was
taken to represent careless or error-prone responding.
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ability as judged by performance on the Verbal Meaning test
(M = 26.14, SD = 9.07 and M = 23.08, SD = 9.27; t (69) =
1.41, p = .164). Demographic differences thus did not explain
the sex differences in emotional decoding that were observed.

ANOVA on the median RTs in each of the emotion condi-
tions indicated that positive emotions were correctly identified
at shorter latencies than negative ones, F (1, 69) = 40.41,
p < .001 (M = 791.89 ms, SD = 216.64 and M = 983.27 ms,
SD = 413.94 for positive and negative emotions respectively).
However, the Sex × Valence interaction was not significant for
the RTs, F (1, 69) = 0.002, p = .964, and there was no main
effect of sex, F (1, 69) = 0.77, p = .382. Thus, the sex differ-
ence in accuracy occurred at comparable response times for
the two sexes, and there was no evidence of a speed-accuracy
tradeoff in the scores.

Hypothesis 2: Recognition of Children’s Emotional
Expressions

To evaluate whether there was a sex difference in the recog-
nition of children’s facial expressions and whether it
conformed to the fitness threat hypothesis, accuracy of
decoding also was analyzed for the infant and toddler expres-
sions using a Sex × Valence ANOVA. In order to avoid any
effects of learned experience related to parenting, only non-
parents were included in the analysis. We had predicted that a
female advantage, larger for negative than positive expres-
sions, would be found. Consistent with our a priori prediction,
we observed a significant sex by valence interaction when the
composite scores were analyzed, F (1, 69) = 5.86, p = .018
(Fig. 3, bottom). In agreement with the fitness threat hypoth-
esis, the female group was more accurate (M = 0.69, SD =
0.12) than the male group (M = 0.61, SD = 0.12) when identi-
fying negative but not positive emotions (d = 0.67). Mean ac-
curacy for each emotion separately is shown in Fig. 4.
Although the main effect of Sex was significant also, F (1,
69) = 5.12, p = .027, decomposition of the significant Sex ×
Valence interaction by a simple effects test showed that the sex
difference was confined to the negative expressions (i.e., seen
only for the negative composite score), F (1, 69) = 13.14,
p < .01; see Fig. 3). Independent of sex, there was also a main
effect of valence, as we had also observed for the adult facial
expressions. Mean accuracy was higher for the positive than
negative expressions overall, F (1, 69) = 405.09, p < .001.

If RT instead of accuracy was used as a dependent variable,
there was a main effect of valence (negative expressions were

slower to identify), but no main effect of sex, F (1, 69) = 0.24,
p = .629, nor was the Sex × Valence interaction significant, F
(1, 69) = 0.43, p = .512.

Hypothesis 3: Magnitude of the Sex Difference

The accuracy findings for children’s expressions therefore
supported the fitness threat hypothesis. To evaluate
Hypothesis 3, a three-way ANOVA (Sex × Valence × Age
of Face) was conducted to test the further prediction that the
magnitude of the sex effect was enhanced for children’s faces,
relative to adult faces, because of their greater ecological va-
lidity. (Support for Hypothesis 2, confirming the form of the
core interaction, does not necessarily imply that statistical
support for Hypothesis 3 will be found, given that the
magnitude of the effect is a separate question.) Entering adult
and children’s faces into a direct comparison showed the same
two-way Sex × Valence interaction that was found in the in-
dividual ANOVAs described above, F (1, 69) = 9.84, p = .003,
confirming the relative female advantage in identifying nega-
tive facial expressions. However, while the means varied in
the expected direction, the three-way interaction was not sig-
nificant, F (1, 69) = 0.09, p = .766. Thus, there was no evi-
dence from the present study that the Sex × Valence interac-
tion was magnified when participants had to identify the facial
expressions of young children.

Overall, the adult faces were slightly easier for participants
to identify (84% correct for adult faces vs. 79% correct for
children’s faces), as shown by a significant main effect of Age
of Face in the accuracy scores, F (1, 69) = 25.78, p < .001.

Exploratory ANOVA: Effects of Parenting

Greater experience with young children acquired through par-
enting may potentially be associated with greater accuracy in
recognizing children’s emotional expressions. If parenting
does influence facial decoding through learning, then to the
extent that differential interaction with children is experienced
by each parent in a home, parental experience might
disproportionally affect the discriminative accuracy of
mothers versus fathers. Therefore, parenthood has a potential
to either increase or decrease the magnitude of the female
advantage that is seen among young adults who have no par-
enting experience.

Our sample of self-identified parents was small (n = 23).
Nevertheless, all study participants with available data (n =
93) were entered into an exploratory Parental Status (Parent,
Non-parent) × Valence (Positive, Negative) × Sex (Male,
Female) ANOVA to test for an effect of parental status on
the accuracy scores. Greater experience with children might
be expected to affect primarily the decoding of children’s
faces; therefore, only data from the Child Emotion condition
were analyzed. The ANOVA confirmed that parents had

�Fig. 3 Mean proportion of correct discriminations made by females and
males in the adult (top) and the infant/toddler (bottom) emotion recogni-
tion conditions. A significant sex difference in accuracy was found and
was seen only for negatively valenced facial expressions. Bars represent
standard error of the mean. POS, positive; NEG, negative
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significantly higher accuracy than non-parents when decoding
children’s facial expressions, F (1, 89) = 5.96, p = .017
(Fig. 5). This was especially true for the negative emotions,
Parent × Valence interaction: F (1, 89) = 6.60, p = .012.
Specifically, analysis of simple effects indicated that parent-
hood had no significant influence on the ability to recognize
positive expressions, F (1, 89) = 0.07, p = .788 (M = 93–94%
correct in all male and female groups regardless of parental
status; see Fig. 5). In contrast, for the negative expressions,
analysis of simple effects showed that being a parent was
associated with significantly higher recognition accuracy, F
(1, 89) = 7.55, p = .007, d = 0.72. The improvement in recog-
nition was greatest among males (fathers) (M = 0.71 versus
M = 0.61 for fathers and non-fathers respectively, d = 0.77,
p < .01 by post hoc test; Fig. 5). Among men, the improved
accuracy associated with being a father tended to be larger for
the negative than positive expressions, Parent × Valence

interaction: F (1, 42) = 3.87, p = .056. For women, the same
analysis was not statistically significant.

Correlations with Specific Childcare Activities

Spearman’s rank order correlation was used to explore poten-
tial relationships between exposure to infants and children
(aged 5 or under) in various caregiving contexts and the ability
to recognize children’s facial expressions. We chose the non-
parametric Spearman’s correlation because several of our
experience-related variables were not normally distributed
and the scores were ordinal not interval scale. In the sample
as a whole (n = 93, which included both the parents and non-
parents), being a parent was the only type of acquired experi-
ence that significantly predicted the ability to recognize chil-
dren’s facial expressions (see Table 1). The correlation
reached significance only for men (r = 0.33, n = 44), but not

Fig. 4 Mean proportion of correct
discriminations made by females
and males, shown separately for
each of the six categories of
emotion in the infant/toddler
emotion recognition condition.
Bars represent the standard error
of the mean

Fig. 5 Mean accuracies of parents
and non-parents in the discrimi-
nation of infant/toddler emotional
expressions. Females are shown
on the left, males on the right.
Parenting experience was associ-
ated with a heightened ability to
recognize negative emotions.
Bars represent the standard error
of the mean. POS, positive; NEG,
negative
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women (r = 0.24, n = 49) and only for men’s recognition of
negative not positive expressions (r = 0.00 for the positive
expressions; Table 1).

Degree of parental involvement in specific daily childcare
activities shared between caregivers (e.g., feeding child, bath-
ing child) could be examined only among the parents (n = 23).
A few correlations of potential theoretical interest were evi-
dent (e.g., parents who took greater responsibility for
disciplining their child showed greater accuracy in identifying
the emotions anger and disgust), but these correlations were
not formally analyzed due to the limited number of parents in
the present dataset.

Discussion

A sex difference in the ability to recognize facial expressions
of emotion is still controversial even though a recent meta-
analysis concluded there is substantial empirical support for
this hypothesis (Thompson and Voyer 2014). The present
study illustrates why past findings may be inconsistent, in that
the magnitude of the sex difference was found to depend on
the valence of the emotion displayed. We evaluated the sex
difference in healthy men and women of reproductive age, an
age when the difference is said to be largest (Thompson and
Voyer 2014). Six emotions considered to have universal signal
value (Ekman and Friesen 1976), and two control conditions
that did not require the discrimination of emotional signals
served as stimuli. Consistent with the fitness threat hypothesis,
women showed superior accuracy compared to men when
discriminating negatively but not positively valenced facial
expressions. The sex difference was observed for both adult
and infant/toddler faces. The latter may possess greater eco-
logical validity (see below). Direct parental experience was
associated with improved accuracy in discriminating infant

emotions as reported previously by Proverbio et al. (2007),
supporting a potential role for learning or expertise in the
decoding of infant facial signals. Importantly, however, the
Sex × Valence interaction predicted by the fitness threat hy-
pothesis was observed robustly even in young reproductive
age adults who had no parental experience. This is consistent
with a pre-existing, evolved, adaptation as proposed by the
fitness threat hypothesis.

A previous study from our lab (Hampson et al. 2006) was the
first to articulate the fitness threat hypothesis and tested it using
adult emotional faces as perceptual stimuli. Using various control
stimuli, the study demonstrated that a female superiority was not
seen for visual processing in general or even for the processing of
faces, but was seen only when discrimination of emotion from
facial cues was required. Similarly, in the present study, a sex
difference was not seen in the control conditions. Babchuk et al.
proposed that over the course of hominid evolution female
humans evolved specific traits that serve to facilitate their ances-
tral and near-ubiquitous role of primary caregiver, including
heightened facility in identifying facial emotions to promote the
survival and care of offspring (Babchuk et al. 1985). Data con-
sistent with the caretaker hypothesis have been reported using
several experimental paradigms (e.g. Hampson et al. 2006;
Williams et al. 2009; Wingenbach et al. 2018). However,
Hampson et al. (2006) found that the sex difference was magni-
fied for negatively valenced facial expressions and emphasized
the importance of fitness threat in the evolution of the difference.
Specifically, women tested by Hampson et al. (2006) showed
greater facility than men when decoding negative emotions,
resulting in a statistical interaction between sex and emotional
valence. This interaction implies that negative expressions have
been subject to differential selection pressures. A dissociation
between different emotions is plausible in light of recent neuro-
biological studies showing that the cerebral representation of
emotion in the human brain is highly complex, with activation

Table 1 Spearman’s correlations
between emotional recognition
accuracy and the extent of
caretaking experience with young
children

Care of
sibs

Daycare/preschool
worker

Camp counselor or
swimming
instructor

Raising own
child

Babysitting Other

Males (n = 44)

Positive .242 .026 .064 .002 .243 − .023

Negative .114 .045 .076 .333*** .239 .085

Females (n = 49)

Positive − .135 .028 .099 .022 .040 .050

Negative .013 .004 − .072 .242 .018 .118

***p < .05. Self-reported hours of experience in the various childcare categories shown (e.g., babysitting, care of
siblings) ranged from 0 to over 500 h within each category
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of both common and specific brain sites in response to different
emotions (Adolphs et al. 1996; Phan et al. 2002; Weisenbach
et al. 2014; Willinger et al. 2019).

Negative expressions in the present study were generally
harder to discriminate than positive ones, a pattern found in
both sexes in this and previous studies (Ekman and Friesen
1976; Kuharic et al. 2019; Thompson and Voyer 2014;
Williams et al. 2009). Nonetheless, the current study replicat-
ed the interaction previously observed by Hampson et al.
(2006) in a new sample of young adults. Women were signif-
icantly more accurate than men at identifying negative expres-
sions (and/or quicker to identify the correct emotion,
Hampson et al. 2006) as predicted by the fitness threat hypoth-
esis. In both studies, the decisions were self-paced.
Participants were instructed to respond as quickly as possible
while still being accurate. Despite this instruction, in our 2006
study, the mean RT in each condition was notably slower than
in the present work (up to 1200 ms in Fig. 2 of Hampson et al.
2006, versus 800–900 ms in the present study). A difference
in average speed of response might explain why a ceiling
effect in accuracy was evident in our 2006 work, but why
accuracy was able to reveal the interaction effect here. A
tradeoff between RT and accuracy is commonly seen in reac-
tion time studies, and the RT is a superior measure in situa-
tions where accuracy approaches ceiling (Coren et al. 1994).
In the present work, the predicted interaction between sex and
valence was successfully demonstrated using accuracy as a
dependent variable.

The fitness threat hypothesis argues that greater female
ease in identifying emotional expressions stems from greater
parental investment by females (Trivers 1972) combined with
a need for the primary caretaker to accurately decode emo-
tional signals displayed by preverbal offspring that signal a
need for action. It is important, therefore, to test the fitness
threat hypothesis using the most ecologically valid perceptual
stimuli, i.e., emotional expressions displayed by infants and
toddlers. To our knowledge, the present study is the first to test
the fitness threat hypothesis by using infants’ and toddlers’
expressions.

Children’s faces are often found to be more difficult to
decode than adult faces, with some studies finding that both
adults and adolescents are more accurate at identifying the
emotions displayed by adult faces (Marusak et al. 2013;
Thompson and Voyer 2014). In the present study, this was
evident as a significant main effect, whereby slightly higher
accuracy was found for adult expressions. Nonetheless, the
predicted interaction between sex and valence was also ob-
served. Just as we saw for adult faces, women displayed
higher accuracy than men for decoding negative but not pos-
itive expressions made by young children. This was evident
when the positive and negative composite scores were statis-
tically compared but also for most of the negative emotions
considered individually (Fig. 4). In contrast, no sex difference

was seen under control conditions (Face Matching, Pattern
Matching) that did not require emotional decoding. Thus, chil-
dren’s faces, too, robustly supported the fitness threat hypoth-
esis. In fact, there was no evidence in the present study of any
sex difference in the decoding of positive expressions. This is
contrary to what might be predicted based on other, laxer,
interpretations of the primary caretaker hypothesis, including
the idea that the sex difference evolved to promote attachment
relationships (see Hampson et al. 2006, for a detailed
discussion).

Although the sex by valence interaction predicted by the
fitness threat hypothesis was clear and apparent for children’s
faces, we did not find support for our further prediction that
the magnitude of the interaction may be accentuated under
conditions where children’s faces must be decoded.
Although the size of the sex disparity for negative expressions
was slightly larger in absolute terms if children’s rather than
adults’ faces were presented, this effect was not significant (as
evidenced by the absence of a three-way interaction between
sex, valence, and age of the face) and was very modest in size
(about 3% larger for infant/toddler stimuli). The greater diffi-
culty observed in this study and many others when decoding
children’s faces might mitigate against finding an accentuated
sex difference. Alternatively, it is possible that whatever per-
ceptual mechanisms have evolved respond equally well to the
distinctive facial configurations that characterize the six pri-
mary emotions irrespective of the age of the facial background
on which an emotion is expressed. Indeed, recent work found
that the ability to identify specific emotions (e.g., fear) in adult
faces correlated with judgments of emotion in similarly
valenced infant faces (Parsons et al. 2019), suggesting there
might exist a common expression-specific emotion recogni-
tion mechanism across both infant and adult faces. Future
work might further address this theoretical question, perhaps
via a different experimental paradigm that is able to more
perfectly equate the perceived difficulty level of the adult
and child face stimuli.

The current study is the first to test the fitness threat hy-
pothesis by using children’s expressions. Our basic findings,
however, are broadly consistent with general trends seen in
studies of adult faces (e.g., Anderson et al. 2011; Williams
et al. 2009; for review, see Thompson and Voyer 2014) and
recent work by Proverbio et al. (2007) that involved infant
expressions, who noted that women were more accurate than
men when responding to expressions that were “weakly neg-
ative” (see also Hoffmann et al. 2010). An earlier study by
Babchuk et al. (1985) found an across-the-board female ad-
vantage in the recognition of children’s facial expressions but
did not test for any differences between expressions having a
positive or negative valence. In the present study, a valence-
dependent sex difference was found for both posed expres-
sions (Pictures of Facial Affect, Ekman and Friesen 1976) and
spontaneous ones (infant and toddler faces), suggesting that
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the spontaneity dimension is not material to seeing the valence
effect. This too is consistent with past work showing that the
use of natural versus posed expressions (“intention of actors”)
does not affect the decoding of adult faces (Thompson and
Voyer 2014).

From a skeptical point of view, one might ask whether the
valence-dependent sex difference we observed could be just
an artifact of differences in the ease of identification of posi-
tive versus negative expressions and thus not meaningful at a
theoretical level. This seems quite unlikely. First, our earlier
study (Hampson et al. 2006) documented exactly the same sex
by valence interaction as in the present work, but used RT
rather than accuracy as the primary dependent variable. As
such, the sex difference found by Hampson et al. (2006) is
not readily explained in terms of ceiling or floor effects. The
exact same interaction was evident in the present study, albeit
expressed in terms of accuracy. Secondly, in Hampson et al.
(2006), accuracy scores calculated for disgust and anger were
statistically analyzed and showed the same female advantage
seen here, as reported briefly by the authors for those two
emotions (Hampson et al. 2006, p. 408). The female advan-
tage was seen even though the accuracies for disgust and
anger were as high as 85–90% (Hampson et al. 2006), a per-
centage comparable to accuracy for happy infant stimuli in the
present study (cf. Fig. 4, present study). Thus, stimuli closely
matched on accuracy level showed no sex difference in the
current study (happy) but did show a female advantage, in the
predicted direction, of approximately 0.5 SD in the previous
study (anger, disgust). This suggests that the sex difference is,
in fact, valence-dependent. Thirdly, it can be pointed out that
men in the present study had plenty of scope to do more
poorly than women when judging the positive expressions,
yet they did not. Instead, a sex difference emerged selectively
for the negatively valenced expressions, where overall accu-
racies were in the middle range. This suggests there is some-
thing special about the emotional valence that results in the
expression of the sex effect.

Are there alternative theories that could explain the
valence-dependent female advantage? Adult men and women
differ in average body size and engagement in physical ag-
gression (Sell et al. 2012), but avoidance of male violence is
unlikely to be a basis for the perceptual advantage we ob-
served, because it predicts a female advantage only for the
detection of anger. Other theories invoking harm-avoidance
to explain female adaptations or facial preferences (e.g.,
Sacco et al. 2017) do not readily apply to negative emotions
like sadness, nor explain why a heightened capacity to identify
negative emotions would be seen so robustly for infant and
toddlers’ faces, who pose no threat of harm (and in fact are
vulnerable to harm themselves). Conversely, if we suppose
that selection has operated on males instead of females, it is
not obvious what adaptive purpose could be served by a
blunted ability to identify negative emotions in men. A suite

of adaptations to promote male combat-readiness has been
proposed by theories emphasizing the ancestral importance
of inter-male physical conflict (Sell et al. 2012). Even if we
extend this idea to encompass reduced emotional reactivity, a
male superiority in the capacity to recognize fear and anger
might still be predicted to exist (and in fact has been argued by
some authors, e.g., Rotter and Rotter 1988) because sensitivity
to these important social signals can offer a competitive ad-
vantage in reading one’s opponents. Empirically, however, it
was a female not male superiority that was observed in the
present study. Therefore, our data seem best conceptualized in
terms of an adaptation to promote effective child-rearing.

A final, exploratory, analysis in the present study pertained
to expertise effects and their potential implications for finding
a sex difference. We tested if greater experience with young
children acquired through parenting would be associated with
increased accuracy in the decoding of children’s expressions.
Parents in the present study did in fact exhibit greater accuracy
than non-parents, supporting the idea that parenthood confers
an experience- or expertise-dependent effect. Importantly,
though, while experience with children did affect the magni-
tude of the sex difference (at least for negative emotions),
limiting our analysis to non-parents showed that the sex dif-
ference was robustly apparent even in young reproductive age
adults who had no parenting experience whatsoever.

Although our sample size was small, it was fathers who
benefited most from parenting practice. This will need to be
confirmed in an independent sample in a future study using a
larger sample size. At least in the present study, fatherhood
was associated with a sharpened ability to accurately recog-
nize negative emotions compared with other males (Fig. 5).
Women on the other hand were not significantly affected by
parenting experience (there was at best a very weak statistical
trend). If confirmed by future work, the fact that women were
less affected than men by parenting is intriguing because it is
consistent with the idea that the superior accuracy they enjoy
derives from an evolved adaptation that affords women supe-
rior recognition accuracy even in the absence of acquired par-
enting experience. How such an adaptation comes about, and
whether or not other life experiences (including those
occurring early in childhood; McClure 2000) also play a role
in bringing the sex difference to full expression, is currently
unknown. In other species, many sex differences originate as a
direct result of exposure of the nervous system to key hor-
mones before birth (see Breedlove and Hampson 2002, for a
review) and are further elaborated at puberty.

In the present study, only parenting, not other forms of
direct child experience, was significantly associated with the
ability to recognize infant/toddlers’ facial expressions
(Table 1). However, smaller correlations for other categories
of interactive child experience were also observed (e.g., baby-
sitting). The present data do not exclude the possibility that
other forms of childcare experience could contribute to
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increased facial decoding competency. They do, however,
point to the possible importance of parenting and the intensive
practice it provides. In our earlier study (Hampson et al.
2006), we did not find any associations between the female
advantage and the amount of previous childcare experience
that our participants reported, but in that study we did not
assess parenting, and the decoding of infant/toddler faces
could not be assessed because only adult face stimuli were
used (see also Babchuk et al. 1985).

We note that an effect of parenthood need not always be
based on learning. In other species and potentially also in
humans, pregnancy and motherhood are associated with sig-
nificant biological changes in females, some of them initiat-
ed by ante- or postpartum endocrine events that can trigger
or enhance behavioral, perceptual, and cognitive adaptations
that equip females for motherhood by activating brain-
related maternal adaptations designed to promote infant sur-
vival and success (e.g., Macbeth and Luine 2010; Ouellette
and Hampson 2019). Neurobiological changes in fathers al-
so occur, ranging from innate adaptations to fatherhood
(Feldman et al. 2019) to changes thought to be triggered
by responsive caregiving through a bottom-up process
(Abraham et al. 2014). Thus, improved emotional process-
ing associated with being a parent can, but need not, signify
a learning or experiential mechanism. Indeed, differences
between the brains of parents and non-parents have been
documented by recent neuroimaging or electrophysiological
studies (Abraham et al. 2014; Peltola et al. 2014; Proverbio
et al. 2006; Seifritz et al. 2003).

The present study adds to the literature on facial
affect recognition by establishing that there is a larger
female superiority for the decoding of negative than
positive facial expressions and that it precedes and is
not a consequence of learned experience associated with
motherhood. Future studies may gain new functional
insights into mechanisms by employing signal detection
analysis (Stanislaw and Todorov 1999) to measure sen-
sitivity (d′) and/or examine criterion differences that
might exist between men and women. Our findings help
to explain some of the inconsistencies of past literature,
where a female superiority in emotional discrimination
is not found universally. The sex difference and its
magnitude may depend in part on the affective valence
of the specific emotions that are assessed. The current
data provide new and important support for the fitness
threat hypothesis (Hampson et al. 2006), which argues
that a female processing advantage, heightened for the
perception of negative expressions, is an evolved adap-
tation related to greater ancestral female investment in
parental care and the tending of preverbal offspring. The
heightened ability to accurately identify negative emo-
tions may be a mechanism to enhance reproductive suc-
cess in women.
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