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Previous studies with adult humans and nonhuman animals revealed more rapid fear learning for spiders and snakes than for mushrooms
and flowers. The current experiments tested whether 11-month-olds show a similar effect in learning associative pairings between facial
emotions and fear-relevant and fear-irrelevant stimuli. Consistent with the greater incidence of snake and spider phobias in women, results
show that female but not male infants learn rapidly to associate negative facial emotions with fear-relevant stimuli. No difference was found
between the sexes for fear-irrelevant stimuli. The results are discussed in relation to fear learning, phobias, and a specialized evolved fear
mechanism in humans.
© 2009 Elsevier Inc. All rights reserved.
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1. Introduction

The evolved function of fear is to organize responses
when confronted with a particular kind of adaptive problem,
namely, danger. Over evolutionary time, specific dangers
were recurrent, and there would have been intense selection
pressure for the emergence of psychological mechanisms
that facilitate fear learning for them (Öhman & Mineka,
2001). Two recurrent dangers to humans from other species
throughout human and primate evolution were spiders and
snakes (Öhman & Mineka, 2003). Fear of these nonhuman
animals is common in adults and children, and they elicit
phobias in approximately 5.5% (snakes) and 3.5% (spiders)
of the population (Fredrikson, Annas, Rischer, & Wik,
1996). Moreover, there is a consistent sex difference in the
incidence of snake and spider phobias; women are four times
more likely than men to have fears and phobias for these, but
not other stimuli (e.g., injections, heights, and flying)
(Fredrikson et al., 2006; Marks, 1969; Rose, Miller,
Pogue-Geile, & Cardwell, 1981). Is part of this greater
incidence of snake and spider fear in women the result of a
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Tspecialized evolved fear mechanism? This question was
examined in the two experiments reported here.

It is particularly important for fear learning of specific
threats to be facilitated by an evolved psychological
mechanism because it is not adaptive to learn about the
potentially dangerous nature of, for example, snakes and
spiders by being bitten and killed. According to Öhman,
Flykt, and Esteves (2001) and Öhman and Mineka (2001),
human and nonhuman primates possess an evolved fear
mechanism for fear-relevant stimuli such as snakes and
spiders that is selectively responsive to and is triggered by
such stimuli. This fear mechanism predisposes children and
adults to attend to snakes and spiders and prepares them to
rapidly learn to associate the appropriate emotional
response—namely, fear—with such stimuli.

There is now considerable evidence from adults, children,
infants, and nonhuman primates to support this view. For
example, human adults show superior conditioning for
images of snakes and spiders with a mid shock than for fear-
irrelevant stimuli such as flowers, mushrooms, or electric
outlets (Öhman & Mineka, 2001). Human adults and
children also more quickly detect snakes against a back-
ground of flowers or mushrooms than flowers or mushrooms
against a background of snakes (Lobue & DeLoache, 2008;
Muris & Mercklebach, 2001; Öhman et al., 2001). There is
also evidence that 7- to 18-month-old infants (both boys and
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girls) associate snakes with fear because they look longer at
movies of snakes paired with a frightened human voice than
movies of snakes paired with a happy human voice
(DeLoache&Lobue, 2009). Furthermore, infants at 5months
of age look longer at a schematic image of a spider than a
partly or completely scrambled image of a spider but do not
do so for schematic and scrambled images of a flower
(Rakison & Derringer, 2008). Finally, there is also evidence
that rhesus monkeys reared in the laboratory associate snakes
with a fearful response from another monkey more quickly
than they associate flowers with a fearful response (Cook &
Mineka, 1990).

According to Error Management Theory (EMT) (e.g.,
Haselton & Buss, 2000), many judgment and decision-
making adaptations are designed by natural selection to be
biased to err in the direction of lower survival or
reproductive cost. This view predicts that humans' fear
mechanism may be designed to be particularly sensitive to,
or prepared for, pairings of negative emotions and specific
recurrent threats because the fitness cost of not learning such
pairings would be high [see also Nesse's (2001) “Smoke
detector principle” that defenses are often expressed too
readily or too intensely]. It is plausible that this may be the
reason why so many individuals develop an irrational
aversion, or phobia, of a recurrent threat, which is consistent
with the fact that phobias tend to be related to evolutionarily
relevant stimuli (e.g., snakes, spiders, heights, and people).

Why, then, should women be more likely than men to
develop phobias for snakes and spiders? There are a number
of plausible explanations for this sex difference. One
possibility is that social transmission of fears and phobias
is more common or promoted among women than men
(Fredrikson, Annas, & Wik, 1997). Alternatively, women's
fear mechanism may be more sensitive to snakes and spiders
than males' fear mechanism because women were more
exposed to them over evolutionary time (e.g., during child
care, while foraging and gathering food). It is also feasible,
as predicted by EMT, that a fear of snakes and spider was
particularly important in women because it protects both
their child and themselves. In other words, the fitness costs
of being bitten by a snake or spider would have been greater
for women than for men because infants and young children,
historically, rarely survived a mother's death (Buss, 2008).
Finally, because of the higher reproductive variance for men,
evolution would have selected against males with overly
powerful fears because it could have inhibited risk taking
involved in, for example, large game hunting.

The current experiments were designed to establish
whether, indeed, the basis for adult females' greater
incidence of fear and phobias for snakes and spiders is
rooted in an evolutionary mechanism that is present in
infancy. According to EMT, the nature of this evolved
mechanism would lead female infants to show an advantage
over male infants in learning associations between snakes
and spiders and a negative facial emotion but would not do
so for fear-irrelevant stimuli. Alternatively, work by
RO
OF

DeLoache and Lobue (2009) in which no sex differences
were found suggests that both boys and girls should show an
advantage for learning associations between recurrent threats
and a negative facial emotion relative to associations
between non-threats and a negative facial expression. It is
also plausible that an evolved fear mechanism is agnostic
about the emotion to be paired with a recurrent threat, which
suggests that boys and girls should show an advantage for
learning associations between recurrent threats and any facial
emotion relative to learning associations between non-threats
and a facial expression. Note that although any of these
findings would provide evidence for the presence of an
evolved fear mechanism in infants, they would not
necessarily rule out any of the evolutionary explanations
presented above for why women are more likely than men to
develop fears and phobias for recurrent threats. Finally, if
fear learning is unrelated to a specialized evolved mechanism
and is underpinned by more general learning mechanisms,
infants should not show any difference in learning associa-
tions between facial emotions and threats or non-threats.
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2. Experiment 1

In this experiment, 11-month-old infants were tested in
the visual habituation paradigm with an adaptation of the
Switch design. Infants were habituated to a single color
photo of a spider or a snake paired with either a happy or a
fearful schematic face. In the test phase, infants were
presented with a novel spider or snake paired with a different
face (e.g., happy if habituated to a fearful face) as well as a
mushroom or flower paired with the same novel face. As
outlined above, if infants possess a specialized evolved fear
mechanism, then girls but not boys, or both girls and boys,
who were habituated to the fearful face paired with a snake or
spider should look longer at the novel pairing between the
snake or spider and a positive facial emotion relative to the
novel pairing between the flower or mushroom and a
positive facial emotion. In contrast, if phobias for snakes and
spiders are grounded in general learning mechanisms and not
evolved specialized learning mechanisms, then boys and
girls would be expected to look longer at the novel test trial
with the snake or spider regardless of the facial emotion
presented during the trial (i.e., fearful or happy face).
3. Method

3.1. Participants

Participants were 20 healthy full-term infants with a mean
age of 11 months 9 days (range: 10 months, 13 days to
11 months, 22 days). There were an equal number of boys
and girls. An additional 8 infants were tested but not
included in the final analysis because of failure to habituate
(n=5), experimenter error (n=1), or looking more than 2 S.D.
beyond the condition mean (n=2).
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3.2. Materials and design

During the pretest, infants were shown two stimuli (snake
or spider and mushroom or flower) one at a time to determine
any a priori preferences. They were then habituated to events
in which the target stimulus (the snake or spider shown
during the pretest) was presented on the left side of the screen
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Fig. 1. Stimuli used in Experiments 1 and 2. The upper part of the figure shows the t
of the figure shows the four snakes, spiders, flowers, and mushrooms used in the
for 2 s after which the schematic face (either happy or
fearful) appeared on the right side of the screen. Both images
remained motionless on the screen for another 7 s. The kind
of face (happy or fearful) paired with the stimuli in
habituation was counterbalanced across infants. A blue
occluding screen lowered and rose between each event
(lasting 0.5 s each). There were two trials in the test phase. In
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wo schematic faces used during habituation and the test trials. The lower part
pretest, the habituation, and test trials.
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Fig. 2. Infant looking times for male and female infants in the two test trials
in Experiment 1. Error bars represent standard error.
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the fear-relevant trial, infants were shown a novel snake or
spider stimulus with a different face from that seen during
habituation. For example, if infants were habituated to a
snake paired with a fearful face in the test trial, they would
see a new snake paired with the happy face. In the fear-
irrelevant trial, infants were shown a novel mushroom or
flower paired with a different face from that seen during
habituation. For example, if infants were habituated to a
snake paired with a fearful face in the fear-irrelevant test trial,
they would see a mushroom paired with the happy face. The
rationale for this design is that if infants during habituation
associated the snake or spider with the face stimulus, they
should look longer at the snake or spider paired with a
different face than at a novel stimulus (flower or mushroom)
paired with a novel face.

The stimuli were four color photographs of spiders and
four color photographs of snakes (see Fig. 1). There were
also two different drawings of faces, one depicting a happy
emotion and one depicting a fearful emotion (see Fig. 1). The
habituation, test, and control stimuli, as well as the pairing
between face type and stimulus, were counterbalanced
across infants.

3.3. Procedure

Each infant sat on his or her caretakers' lap in front of a
computer screen (size: 14 in.×24 in.; distance: 24 in.). The
pretest stimuli appeared on the monitor for a maximum of
20 s or until the infant looked away from the monitor for 2 s.
During the habituation phase, each event was presented until
the infant visually fixated away from the monitor for over 1 s
or until 20 s of uninterrupted looking had elapsed. The
habituation phase ended when an infant's looking time for a
block of three trials decreased to 50% of that recorded during
the first three trials. The test trials were presented until the
infant looked away for more than 1 s or after 20 s of
continuous looking. A green expanding and contracting
circle on a black background with a synchronous bell sound
was presented prior to the first habituation trial and between
each habituation and test trial. The primary experimenter
coded the looking time behavior online by pressing and
releasing a preset keyboard key. A second judge who was
blind to the hypothesis and which trial was presented
recoded the looking times from a videotape of the session.
Interrater reliability in all of the experiments reported here
was N97%.

3.4. Results and discussion

The first preliminary analysis examined looking times to
the two pretest items with a mixed-design analysis of
variance (ANOVA) with sex (male vs. female) as a
between-subjects factor and stimulus (fear-relevant: snake/
spider vs. fear-irrelevant: mushroom/flower) as a within-
subjects factor. The analysis revealed no significant main
effect for stimulus [F(1,18)=0.01, pN.9, ηp

2=0.00] or sex
[F(1,18)=1.18, pN.2, ηp

2=0.06] and no significant interaction
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between the variables [F(1,18)=0.25, pN.6, ηp
2=0.01]. Thus,

there were no a priori preferences among the girls or boys
for the two kinds of stimuli.

A second set of preliminary analyses compared the
number of habituation trials and the total looking time during
habituation for the girls and boys. The analyses revealed that
girls (mean=10.00; S.D.=2.98) and boys (mean=10.40;
S.D.=3.98) required a comparable number of trials to
habituate [t(18)=0.25, pN.8] and that girls (mean=106.37;
S.D.=61.33) and boys (mean=112.42; S.D.=59.62) looked
equally long overall during habituation [t(18)=0.22, pN.8].

The main analysis used a mixed-design ANOVA with
test trial (fear-relevant vs. fear-irrelevant) as the within-
subjects factor and habituation face (happy vs. fearful) and
sex (male vs. female) as between-subjects factors. Infants'
looking times are presented in Fig. 2. The analysis revealed
a significant interaction between the sex of the infant and
test trial [F(1,16)=8.40, pb.01, ηp

2=0.34], which was
moderated by a significant interaction between habituation
face, sex of the infant, and test trial [F(1,16)=5.17, pb.05,
ηp
2=0.24]. There were no other significant effects [all

pN.2]. Planned comparisons indicated that girls who were
habituated to the fearful face paired with the spider or
snake looked significantly longer at the fear-relevant test
trial (mean=17.54; S.D.=3.38) than at the fear-irrelevant
test trial (mean=10.02; S.D.=5.08) [F(1,4)=31.24, pb.005,
ηp
2=0.88]. In contrast, girls who were habituated to the

happy face paired with the spider or snake looked equally
long at the fear-relevant test trial (mean=6.42; S.D.=5.96)
and fear-irrelevant test trial (mean=5.50; S.D.=4.96)
[F(1,4)=0.44, pN.5, ηp

2=0.09]. The analyses also revealed
that boys looked equally long at both trials regardless of
the habituation stimuli [all pN.4].
4. Discussion

These data show that girls, but not boys, who were
habituated to a fearful face and a recurrent threat looked
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significantly longer when a novel snake or spider was paired
with a different facial emotion relative to when a mushroom
or flower was paired with the same facial emotion. This
suggests that female infants associated the snake or spider
seen during habituation with the fearful facial emotion and
generalized it to the novel snake or spider in the test trials.
The same effect was not found for male infants who were
habituated to the fearful face or for male or female infants
who were habituated to a pairing of a happy face with a
recurrent threat.
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Fig. 3. Infant looking times for male and female infants in the two test trials
in Experiment 2. Error bars represent standard error.
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5. Experiment 2

An alternative explanation for girls' looking pattern in
Experiment 1 is that they are highly attuned to learn the
pairing between a negative emotion and any stimulus. If this
were the case, the results of the first experiment would be
unrelated to learning about the pairing of a fearful emotion
with snakes or spiders per se. To test this explanation, we
designed Experiment 2 to be identical with the first
experiment except that infants were habituated to a single
color photo of a fear-irrelevant stimulus (i.e., mushroom or
flower) paired with either a happy or a fearful schematic
face. As in Experiment 1, infants were then tested with a
novel mushroom or flower, as well as a novel spider or
snake, paired with a different facial emotion to that seen
during habituation.

5.1. Participants

Participants were 20 healthy full-term infants with a mean
age of 11 months 4 days (range: 10 months, 11 days to
11 months, 18 days). There were an equal number of boys
and girls. An additional 7 infants were tested but not
included in the final analysis because of failure to habituate
(n=1), experimenter error (n=3), fussiness (n=2), or looking
more than 2 S.D. beyond the condition mean (n=1).

5.2. Materials and procedure

The stimuli in the experiment were identical with those
in Experiment 1; however, pictures of mushrooms and
flowers served as the habituation stimuli. All other aspects
of the design and procedure were the same as those in
Experiment 1.

5.3. Results and discussion

Analysis of the pretest trials revealed no differences in
looking times for the spider/snake and mushroom/flower
across all the infants [F(1,18)=0.05, pN.8, ηp

2=0.01] or for
male and female infants [F(1,18)=0.31, pN.5, ηp

2=0.02].
There were also no differences between the males and
females in the number of habituation trials [t(18)=0.33,
pN.7] and the total looking time during habituation
[t(18)=1.20, pN.2].
TE
D
PRAs in Experiment 1, the looking times on the two test

trials (see Fig. 3) were entered into a mixed-design ANOVA
with test trial (fear-relevant vs. fear-irrelevant) as the within-
subjects factor and habituation face (happy vs. fearful) and
sex (male vs. female) as between-subjects factors. The
analysis revealed no significant main effect for test trial, sex
of the infant, or habituation face [all pN.1]. Crucially,
however, there was no significant interaction between sex of
the infant and test trial [F(1,16)=0.65, pN.4, ηp

2=0.04] and no
significant interaction between habituation face, sex of the
infant, and test trial [F(1,16)=0.41, pN.5, ηp

2=0.03].
These results show that male and female 11-month-olds

did not learn the relation between either a positive or a
negative facial emotion and a mushroom or flower. This
implies that the different behavior of female infants relative
to male infants in Experiment 1 was not due to a general
advantage in encoding a pairing between a negative facial
emotion and a second stimulus but was specific to
associative learning for spiders and snakes.
6. General discussion

The two experiments reported here show that female
11-month-olds—but not males of the same age—learn the
relation between a negative facial expression and fear-
relevant stimuli such as snakes and spiders. Importantly, the
same effect was not found for paired associate learning
between facial emotions and fear-irrelevant stimuli such as
mushrooms and flowers. As such, the current data support
the hypothesis that women may be more predisposed than
men to learn the appropriate emotion for nonhuman animals
that were recurrent threats over evolutionary time. Note,
however, that the results should not be interpreted to mean
that males are unable to learn relations between facial
emotions and fear-relevant stimuli. Rather, the data suggest
that female infants are able to do so after a relatively brief
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experience and that male infants may require a longer period
of exposure to such stimuli.

The results of the present experiments are consistent with
a large body of work that has shown a differential response
by humans and primate to fear-relevant and fear-irrelevant
stimuli. Work with captive monkeys, for example, showed
that they can rapidly be taught to fear snakes but not
flowers through social referencing (Cook & Mineka, 1990).
Similarly, research with human adults revealed that
conditioned fear is more resistant to extinction with fear-
relevant (e.g., snakes) than with fear-irrelevant stimuli (e.g.,
flowers) (Öhman & Mineka, 2001). Although infants in the
current experiments were not taught fear for specific
stimuli, these data are the first to show a differential
response by female infants to such stimuli. Previous
research with infants on this issue has failed to detect
such a sex difference, perhaps because of limited sample
sizes (e.g., DeLoache & Lobue, 2009). The current
experiments indicate that humans possess a specialized
evolved fear mechanism, that it is operational in the first
year of life, and that it is particularly sensitive in females.
The results also are consistent with the idea that infants
possess a perceptual template that specifies the structure of
snakes as well as spiders (Rakison & Derringer, 2008). It is
this template that “prepares” infants, particularly female
infants, to attend to fear-relevant stimuli and learn the
appropriate negative emotional response for them.

The finding that female infants—but not male infants—
learn associations between fearful facial emotions and fear-
relevant stimuli suggests, albeit tentatively, that the greater
fear and phobic incidence in female children and adults may
be partially based on differently functioning fear mechan-
isms. According to evolutionary theory, and in particular
EMT (e.g., Haselton & Buss, 2000; see also Nesse, 2001),
there would have been powerful selection pressure for
women to err on the side of caution with regard to recurrent
threats such as snakes and spiders. This may have been
because they would likely have encountered them often
during foraging and gathering and because of the potential
cost to themselves and their offspring. There would also
have been less selection pressure for men to avoid these
threats because of the need for risk-taking behavior such as
hunting (Buss, 2008). Unfortunately, the current data do not
help to determine which, if any, of these explanations are
more veridical.

It could be argued that the current findings do not
provide evidence of a fear mechanism for snakes and
spiders because women and girls have substantially more
phobias and fears of all types than do men and boys. Thus,
it is not that women or girls have a specific spider and snake
fear mechanism but rather they have a general bias to
develop fears and phobias more than men and boys. There
are at least two reasons to reject this claim, however. First,
although women and girls tend to have a greater number of
phobias than men and boys, significant sex differences are
found only for evolutionarily relevant stimuli (e.g., snakes,
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spiders, closed spaces, and darkness) and not for more
modern fear-related stimuli (e.g., injections, flying, and
dentists) (Fredrikson et al., 1996). This suggests that
women—and men—may have a number of specialized
evolved fear mechanisms rather than a general tendency to
develop phobias for any and all stimuli. As discussed
above, it is possible that women are more likely than men to
develop phobias for these evolutionarily relevant stimuli
because of the potential survival cost to their child.

Second, if women—and female infants—have a general
tendency to develop fears and phobias for all stimuli that
are paired with a negative emotion, then in the current
experiments, they should have associated the fearful face
with the mushroom or flower. However, infant girls tested
here associated only the snakes and spiders, and not the
mushrooms and flowers, with the fearful face. Why, then,
does an evolved fear mechanism cause sex differences in
learning at such an early age? One compelling possibility
is that they are preparatory for the development of the
later sex differences in fear learning found in human
adults. An alternative, though not mutually exclusive,
explanation is that our ancestors were highly likely to
encounter recurrent threats in infancy and early childhood
and it is therefore adaptive for a fear mechanism to be on-
line early in life.

To conclude, the current experiments provide the first
evidence that the greater incidence of snake and spider fears
and phobias in women may have its origins in infancy.
Clearly, however, caution is necessary at this point because
the current experiments show only that female infants have
an advantage over male infants in associating fearful
schematic faces with fear-relevant stimuli. It remains to be
seen whether this form of associative learning is the same as
that involved in fear learning in infancy and beyond.
Nonetheless, the approach taken here, in conjunction with
recent work with infants and young children (DeLoache &
LoBue, 2009; LoBue & DeLoache, 2008; Rakison &
Derringer, 2008), demonstrates that a developmental per-
spective can provide considerable insight into the evolved
psychological mechanisms of adults.
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