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Abstract

The hunter–gatherer theory of sex differences states that female cognition has evolutionarily adapted to gathering and male cognition to
hunting. Existing studies corroborate that men excel in hunting-related skills, but there is only indirect support for women excelling in
gathering tasks. This study tested if women would outperform men in laboratory-based computer tests of search and gathering skills. In
Experiment 1, men found target objects faster and made fewer mistakes than women in a classic visual search study. In Experiment 2,
participants gathered items (fruits or letters presented on screen), and again, men performed significantly better. In Experiment 3, participants'
incidental learning of object locations in a search experiment was studied, but no statistically significant sex differences were observed. These
findings found the opposite of what was expected based on the hypothesis that female cognition has adapted to gathering. Alternative
interpretations of the role of object location memory, female gathering roles and the division of labor between the sexes are discussed.
© 2011 Elsevier Inc. All rights reserved.
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Cognitive scientists have discovered that men and women
perform with different speed and with different levels of
accuracy in a variety of experimental paradigms (for an
extensive review, see Halpern, 2000). An important part of
the continuing research into cognitive sex differences is not
only to identify performance differences, but also to develop
theories that can explain broad patterns in the available data.
In this respect, evolutionary psychologists have contributed a
great deal by explaining cognitive sex differences as a
function of evolutionary adaptation (for an elaborate review,
see Geary, 2009). The current paper explores and tests the
hypothesis that women are evolutionarily adapted to be good
at gathering tasks, as originally proposed by Silverman and
Eals (1992) and subsequently in a number of papers by the
same group (Eals & Silverman, 1994; Silverman et al., 2000;
Silverman, Choi, & Peters, 2007).

Silverman and Eals (1992) discovered that women have a
better memory for object location than men, especially under
incidental learning conditions. In their experiments, partic-
ipants studied drawings of objects for a short time and were
later shown drawings in which some objects had changed
locations. Women outperformed men in identifying the
locations of moved objects. Further, it was found that women
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outperformed men in remembering the locations of objects
they saw in a waiting room (without knowing that they had to
remember them later). This finding has been replicated
multiple times and confirmed meta-analytically (Voyer,
Postma, Brake, & Imperato-McGinley, 2007). The finding
contrasts with the many studies showing that men are better at
tasks involving spatial cognition (Gaulin & Fitzgerald, 1986).

Silverman and Eals (ibidem) argued that the superior
female performance in object location memory tasks reflects
an evolutionary adaptation that supports women in gathering
behavior. The idea that remembering locations can help
gathering is based on the assumption that gatherers return to
previously observed items of interest (e.g., food); hence,
better object location memory should make one a better
gatherer. At the time of their proposal, it was already well
established that men outperformed women in a number of
spatial abilities and that men's spatial skills might reflect a
cognitive adaptation to hunting (Eals & Silverman, 1994;
Gaulin & Fitzgerald, 1986; Tooby & DeVore, 1987). The
finding that women outperformed men in a spatial skill
showed that the distribution of spatial skills was not as
simple as thought until then, and the new theory of
Silverman and Eals offered an explanation.

The problem with the hypothesized link between object
location memory and gathering is that this link is indirect (for
an in-depth criticism, see Newcombe, 2010). While object
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location memory might occasionally help gathering, it is not
a necessity for being a good gatherer. After all, gathering can
take place in novel and rapidly changing environments. In
contrast to object location memory, a logical necessity for
good gathering is the capacity to search and find target
objects amongst irrelevant objects. Therefore, if female
cognition is optimized for gathering, it is reasonable to
expect that women should be better than men in searching
and finding objects, an advantage that might be related to sex
differences in the visual-attention system.

A common paradigm to study searching and finding in
humans is the visual search paradigm (Egeth & Yantis, 1997;
Treisman & Gelade, 1980; Wolfe, 2003). In the simplest
visual search paradigms, a number of objects are displayed
on a computer screen, and a participant needs to press a
button if a target object is present among distracter objects
and withhold a response if it is not present. The response
time (a.k.a. search time) is indicative of the time it takes to
analyze the search area. Apart from the basic response time
and accuracy measures, psychologists have studied how
these measures depend on the number of items being shown
in a search array. The more items there are, the longer it
typically takes to find a target object. In visual search
paradigms, this increase in search time due to more items can
be expressed with the slope of the regression line. The
steepness of the “search slope” might indicate the effective-
ness of the search strategy being used, with shallower slopes
indicating higher levels of efficiency (Treisman & Gelade,
1980)1. Altogether, the visual search paradigm is a well-
tested and effective paradigm that models a psychological
activity common to daily life activities. If it could be
demonstrated that women excel in visual search, this would
be direct evidence for the women-do-the-gathering-because-
they-are-better-at-it aspect of the hunter–gatherer theory.

Given that there are many studies on visual search, it is
somewhat surprising that there are no studies comparing men
and women in this task; one of the aims of this study is to fill
this gap in our knowledge (Experiment 1). A further aim of
this study is to test whether women are better in gathering
(Experiment 2) and if this could be related to the advantages
in object location memory (Experiment 3).
1. Experiment 1

1.1. Methods

1.1.1. Participants
Forty neurotypical men and forty neurotypical women

(18–23 years old) participated in this study. All participants
had normal or corrected to normal vision.
1 Today, researchers are more cautious in interpreting the exact
meaning of the search slope (Wolfe, 1998), and therefore the role of the
search slope shall not play a central role in the current paper, although it is
of interest for a complete report of the data.
1.1.2. Apparatus and stimuli
The experiment was controlled by a Linux-operated PC

using the PsyToolkit software to present stimuli on a 17″
color monitor and record responses (Stoet, 2010a). The
target stimulus was an orange letter T. Distracter stimuli
were a blue T and an upside-down orange T. Targets and
distracters each were 16 mm high and 15 mm wide. Masking
stimuli consisted of interleaved blue and orange rectangles
(12 by 12 mm).

1.1.3. Procedure
Participants were seated in a quiet and dimly lit room

behind the computer screen (with around 50 cm between
eyes and screen), and received written and verbal in-
structions from the experimenter. There were 320 trials (in
four blocks of 80 trials). The set size ranged from 5 to 20
items. Half the search displays had no target stimulus.

Each trial started with a fixation point for 100 ms,
followed by a 400-ms delay, followed by the search display
(Fig. 1). Participants had maximally 4 s to respond. In case
participants did not respond to the presence of a target
stimulus, the target location would be highlighted for 2 s to
point out to the participants where the target they missed was
(just as a matter of feedback). In case participants responded
in the absence of a target stimulus, they were informed about
their erroneous response for 2 s. All trials were followed by
two masks, each shown for 100 ms. The interval between a
response and the next search display lasted 600 ms.

1.2. Results

First, search times were analyzed. Search times of
individual participants (correct responses only) were aver-
aged for each condition and then analyzed with a mixed-
design analysis of variance (ANOVA) with the between-
subject factor “sex” (female vs. male) and the within-subject
factor “set size” (5–20, Fig. 2). In the following, averages±1
standard error of the mean (S.E.M.) will be reported in
parentheses. The analysis shows a main effect of sex,
F (1,78)=3.81, p=.05. There was a sex difference in response
speed, with men (756±16) responding 44 ms faster than
women (799±16). Further, there was an effect of the set size,
ig. 1. Two examples of search displays. The examples are a schematic
presentation only. In reality, the screen was black (here white), the search
rget was orange (here black), and the distracter color was blue (here grey).
the example on the left, the search target is present (pointed at by arrow),

ut not in the example on the right. The number of items (set size) varied
etween 5 (example on the left) and 20 items (example on the right).
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Fig. 2. Results of Experiment 1. The left panel shows the average search
times for the female and male group (+1 S.E.M.). The female group was
slower. Themiddle panel shows the search time data for the different set sizes
illustrating the consistency of the sex difference. The right panel shows that
the female group performed significantly less accurately than the male group.
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F (1,78)=192.08, pb.01, but there was no statistically
significant interaction between sex and set size (p=.32).
Next, the accuracy of responses was analyzed. Women (1.8±
0.29) performed less accurately than men (1.2±0.15), t(78)=
2.02, p=.05. Because participants made so few errors, these
error rates were not further separated for the different set
sizes or error types.

Apart from overall speed and accuracy, the search slope
was analyzed (the search slope indicates how much slower a
participant gets with each additional item in the search
displays, see introduction). For each participant, the search
slope was calculated using a linear regression with the set size
as the independent variable. The slopes of men and women
were compared using a t test. There was no significant
difference between the search slopes of men (20.7±0.78 ms)
and women (22.50±0.83 ms), t(78)=1.56, p=.12.
Fig. 3. Schematic illustration of a search display in Experiment 2 in the letter
task block. Participants were instructed to click as many blue Ts (here black,
indicated by arrows which were not visible to participants) in 9 s. In each
search display, 12 target Ts were present amongst the 216 items.
2. Experiment 2

Experiment 1 did clearly not confirm the prediction
derived from the hunter–gatherer theory of sex differences;
women were not only not better at visual search, they were
performing reliably worse than men (i.e., slower and less
accurate). Although the pattern of data cannot be clearer
about sex differences in visual search, the experiment is
potentially limited because the visual search task focuses on
identifying just one object at the time. Possibly, in real-life
gathering tasks, gatherers continue to search for objects in
the same array even when an object has been found already.
It is possible that searching for multiple objects in the same
search array involves additional cognitive processes to those
required when searching for just one object. For example, it
might be the case that while a person visually scans a search
array, the person identifies multiple objects before planning a
motor response. Possibly, women are better than men when
dealing with search arrays with multiple objects.

To determine whether it could indeed be the case that
women excel in visual search for multiple objects, partici-
pants were instructed to search and gather for specific targets
in a search display of 216 items (arranged in 18 rows×12
columns). Besides having multiple targets in each search
display, targets would disappear from the search display
when clicked with the computer mouse. This reflects real-life
gathering, in which a gatherer picks up an item.

In one half of the experiment, participants were asked to
search and click as many fruits among nonfruit items within
a period of 9 s. In another half of the experiment, the stimuli
were similar to those in Experiment 1, and participants
needed to search for a specific letter.

Apart from a search task with multiple target stimuli, this
experiment also introduced realistically looking fruits. If
women outperform men in visual search only when
searching for edible stimuli, such a pattern should have
emerged in this experiment.

2.1. Methods

2.1.1. Participants
Eighty participants (different fromExperiment 1, 40 of each

sex, between 18 and 28 years old) took part in this study and
received amonetary compensation for their time and effort. All
participants had normal or corrected to normal vision.

2.1.2. Apparatus and stimuli
In the fruit gathering task, there were six fruit stimuli

(apple, pear, banana, raspberry, orange and strawberry) and
six nonfruit stimuli (umbrella, leaf, bottle, flower, coin and a
green cartoon face). Each search display was composed of 12
fruits (two of each of the six fruit types) and 204 nonfruit
items; items were randomly distributed across the search
array. In the letter gathering task, there were four stimuli
(blue and red Ts, normal or upside down, Fig. 3). In both the
letter and fruit task, stimuli were arranged in 18 columns by
12 rows (=216 stimuli), and each stimulus used a rectangle of
16×16 mm. The 80 different search arrays used were exactly
the same for all participants.
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Fig. 4. Schematic example display of Experiment 3. In the real display, the set size contained always 25 items (thus many more than here), and the colors were
different (bright and colored on a black display). During each trial, the participant was requested six times to find an object in the same search array. Each time,
the object to be found was displayed in the half-circle at the bottom. Once the participant had clicked the corresponding object, the next object was displayed in
the half-circle at the bottom. The last (sixth) object to be found was shown earlier (in this example, the key was requested to be found at frame 2). The question
was whether women's superior object location memory would help them find this sixth object more easily than men.
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2.1.3. Procedure
There were two blocks (fruit task block and letter task

block), and block order was reversed for half the male and
half the female participants to counterbalance potential order
effects. Each participant performed 40 trials in each block. In
each trial, participants had 9 s to click as many targets as they
liked, and after each trial, they got feedback about how many
they had gathered. Pilot tests had shown that it is very
difficult to find and click 12 items within 9 s (and ceiling
effects were thus not an issue). There was a short break
between blocks.

2.2. Results

Of each participant, the median number of items found in
the 40 trials of each task were analyzed using an ANOVA
with the between-subject factor sex (male vs. female) and the
within-subject factor target type (letter vs. fruit). The
ANOVA showed that men (9.0±0.12) collected more items
than women (8.6±0.17), F (1,78)=4.26, p=.04. Further,
people gathered, irrespective of sex, 0.45±0.11 more targets
in the letter than in the fruit task, F (1,78)=15.74, pb.01.

Thus, these results confirm the findings of Experiment 1:
Not only do women not excel in visual search as predicted,
men actually outperform women. The current experiment
further shows that it does not matter whether participants
search for one or for multiple objects, or whether the objects
are edible items or not.
3. Experiment 3

In contrast to the predictions of Silverman and Eals
(1992) and Eals and Silverman (1994), men did outperform
women in gathering in Experiments 1 and 2. Could it be that
women do outperform men in gathering if object location
memory is involved? In this final experiment, it was tested
whether women perform better in visual search when the
visual search task is combined with an incidental object
location memory task.

The similarity between this and the previous experiment
was that multiple objects in the same search display had to be
found. The difference was that there was a sequence of targets
the participant had to search for. Which target the participant
had to search for was shown at the bottom of the screen
(Fig. 4). In each trial, there were six targets to search for (one
at the time). The sixth target was one of the targets shown
earlier in the trial, namely, as the first, the second, the third or
the fourth target. Hence, if women profit from object
location memory during gathering, they should have an
advantage of searching for a target they had found just before.

3.1. Methods

3.1.1. Participants
The same 80 participants as studied in Experiment 2

carried out this experiment after a break following
Experiment 2.

3.1.2. Apparatus and stimuli
On each trial, 25 cartoon-like objects (16 by 16 mm) were

shown (e.g., key, hammer, light bulb, book, clock). At the
bottom of the screen, a red half circle (50 mm wide, 17 mm
high) was shown. The search targets were displayed in this
red area.

3.1.3. Procedure
In each trial, participants were shown a sequence of

objects at the bottom of the screen in the red area. They were
instructed to find and click the same object (using the mouse)
amongst the 25 items in the search display. Targets were
always present in the search display. In each trial, there were
six objects to be searched for. The sequence would not
progress until the participant had clicked the corresponding
object. There were 40 trials in two blocks.

3.2. Results

In order to answer the question of whether or not
women's behavior reflected a stronger memory for object
locations, there are two different ways to compare the
conditions. One approach is to compare overall search time
for the sixth item between men (1334±25 ms) and women
(1353±28), t(78)=0.51, p=.61 (Fig. 5, left). The disadvantage
of this analysis is that it does not take into account that men

image of Fig. 4


Fig. 5. Results of Experiment 3. The left panel illustrates that the search time was much shorter for the sixth search item, which was displayed a first time on
sequence number 1, 2, 3 or 4. The right panel shows the advantage in search time as a function of the sequential position of the first item. The curve shows a clear
recency effect (i.e., the larger advantage for items that were first shown at sequential position 4). There were no reliable statistical differences between female
and male response patterns.
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and women might differ in their baseline search time, as
suggested by the previous two experiments. In the current
experiment, there was no significant sex difference in the
baseline speed. In the male group, the average search time
for the first five items was 1685±26, and in the female group,
it was 1733±32, t(78)=1.18, p=.24. Despite the lack of a
significant difference, it might be that variation between
participants confounded with the memory effect. Further, it
might have been the case that the memory effect was
dependent on when the item was shown (which could be
item 1, 2, 3 or 4). To deal with this, the search time
improvement was calculated as a function of the specific
item that was repeated and the individual baseline speed
(Fig. 5, right). These data were analyzed with a mixed-design
ANOVA with the factors position and sex. Again, there was
no significant effect of sex. The only statistically meaningful
effect was a recency effect, that is, that the most recently
searched for target object was found most quickly, F (1,78)=
17.86, pb.01.
4. Discussion

Three experiments tested the hunter–gatherer theory of
cognitive sex differences. It was predicted that the
hypothesized optimized search-and-gathering skills of
women would make them outperform men in computer-
based tasks that require searching and gathering. Exactly the
opposite was found. In Experiment 1, men were faster and
more accurate in a classic visual search task. In Experiment
2, men collected more items in a gathering task than women.
In Experiment 3, in which an incidental memory component
was integrated with a search task, no significant differences
between female and male performance were found. Alto-
gether, no evidence for the prediction that women would
excel in searching or gathering skills was found. In the
remainder of this discussion, the implications for the hunter–
gatherer theory of cognitive sex differences will be explored,
followed by an alternative proposal.

The main problem that the current findings pose for the
hunter–gatherer theory of sex differences is not related to the
hunting part of the theory. On the contrary, one could make a
case that men are better equipped, both physically and
psychologically, to hunt. The throwing skills (Jardin &
Martin, 1983; Watson & Kimura, 1991), focused attention
(Bayliss, di Pellegrino, & Tipper, 2005; Stoet, 2010b) and
the generally outstanding spatial abilities of men (Gaulin &
Fitzgerald, 1986) are certainly in line with this. The problem
of the hunter–gatherer theory of sex differences is that men,
not women, are better in visual search and gathering as well
(Experiments 1 and 2). It is exactly the opposite of the
predictions derived from the theory.

This empirically based rejection of the gathering
hypothesis is not an isolated difficulty for the theory.
Another difficulty is that the only support comes from sex
differences in object location tasks. Without doubt, object
location memory can be helpful during gathering under
certain circumstances, as illustrated in a study by New,
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Krasnow, Truxaw, and Gaulin (2007). The researchers of the
latter study took participants around a farmer's market and
afterwards tested how well men and women remembered the
locations of food. They found that women were more
accurate than men in pointing at food stalls and that there
was a relationship between the pointing accuracy and the
caloric value of the food in those stalls.

There are a number of problems with extrapolating the
better incidentally acquired memory for object locations to
optimized gathering in women. First, it seems that the link
between object location memory and gathering is based
on the idea that you can find edible objects at the same
location repeatedly. Whilst it is often true that foods are
displayed at the same places in markets, this was not
necessarily the case in the natural environments in which
our ancestors evolved. If gathering advantages were
dependent on object location memory, women in nomadic
groups, for example, would have no advantages in
gathering at all (Newcombe, 2010).

A further, related problem with the link between memory
and gathering is that superior object location memory in
women is not necessarily evolutionarily driven by the need
for gathering in a hunter–gatherer environment. This was
demonstrated by Saucier, Shultz, Keller, Cook, and Binsted
(2009), who found that female rats (Long–Evans rats)
outperform male rats in an object location memory task. The
authors argue that sex differences in object location memory
have a much longer evolutionary history than initially
thought, and that it is therefore difficult to argue that these
differences were driven by a hunter–gatherer environment.
The authors of the latter study suggest that these sex
differences might be related to sex differences in mating
strategies. This latter idea is similar to the hypothesis that
hunting advantages in men are not driven by evolutionary
adaptation in hunter–gatherer societies, but that they are the
result of earlier evolutionary adaptations to male-to-male
competition (Geary, 2009, p. 407).

We also need to critically assess to what degree the
studies that link advantages in object location memory to
gathering (Eals & Silverman, 1994; Krasnow et al., 2011;
McBurney, Gaulin, Devineni, & Adams, 1997; New et al.,
2007; Silverman & Eals, 1992; Silverman et al., 2000, 2007)
reflect the object location memory that would have been
necessary in real gathering tasks. In all these studies,
relatively short-lasting memory was tested, whereas the
theoretical considerations relate to memories that last over
longer periods. For example, McBurney et al. (1997, p. 167)
gives the example of remembering the location of a resource
when it might be ready for harvest. It seems that the
cognitive processes required in such a situation are quite
different from those studied in the object location memory
tasks. After all, to profit in real-life situations from object
location memory for gathering, the memory should be
maintained for possibly months and should be able to encode
locations far away and different from the current frame of
reference. In all the studies, apart from the study by New
et al. (2007), the duration between learning and memori-
zation was very short, and the location was within personal
space. Yet, when people were tested on remembering more
distal locations, men have been found to outperform
women (Saucier, Lisoway, Green, & Elias, 2007).

Finally, a further problem for the link between memory
and gathering is the question of whether it is true that
women outperform men in gathering, even if it would be
the case that women did most of the gathering in
prehistoric times. The current study shows that women
do not outperform men in the laboratory, and there are to
my knowledge no other studies that have tested this
experimentally in a closely controlled laboratory situation
(but for a test in a natural environment, see Pacheco-
Cobos, Rosetti, Cuatianquiz, & Hudson, 2010). Therefore,
we must consider the possibility that women do the
gathering for other reasons than being good at it.

There can be different reasons for a division of labor in
a society, and it is not necessarily the case that both
genders need to be optimized for the tasks they are doing.
It could simply have been the case that a division of labor
was driven solely by the fact that men were good at
hunting. Women might have chosen to do the gathering,
not because they were adapted to it, but because it was the
task that remained to be doing. Given that there is no
apparent evidence for women being excellent gatherers,
this must be considered a plausible scenario. Indeed,
empirical research supports the idea that women doing the
gathering might often be the best arrangement for a group
of hunter–gatherers as a whole, who need to reckon with
multiple constraints (Gurven & Hill, 2009; Wood & Eagly,
2002). The degree to which women contribute to
subsistence in hunter–gatherer societies depends on
numerous factors. When possible, women seem to choose
to prioritize caring for offspring over gathering, and the
amount of gathering seems to depend on how much males
can provide through hunting (Ember, 1978).

Could it be that women did not perform as well as men
just because this was a computer-based task? After all, it is
often argued that men have more experience with playing
computer games. The problem with this argument is that if
men's computer game experience can explain the result of
the current study, one would expect that men are better in all
or at least most cognitive computer-based experiments,
which is far from the truth. The set of tasks in which there are
cognitive sex differences is relatively small compared to all
the known computer-based tasks used in cognitive labora-
tories. In fact, it has been argued that men and women
typically perform similarly (Hyde, 2005).

A limitation of the current study is the lack of ecological
validity. It is possible that a real environment in which
women search for plants and foods evokes neural mecha-
nisms uninvolved in computer-based tasks. It should be
pointed out, though, that the same holds for most other
experimental cognitive studies of sex differences, including
Silverman and Eal's (1992) original work.
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In summary, this study found no evidence for superior
female performance in gathering tasks, and surprisingly, the
exact opposite was found. Therefore, the current study argues
that women are not optimized for gathering skills. Instead,
women in hunter–gatherer societies might gather rather than
hunt because it is more compatible with child rearing.
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