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Abstract

As compared with other primates, humans have especially visible eyes (e.g., white sclera). One hypothesis is that this feature of human eyes
evolved to make it easier for conspecifics to follow an individual’s gaze direction in close-range joint attentional and communicative interactions,
which would seem to imply especially cooperative (mututalistic) conspecifics. In the current study, we tested one aspect of this cooperative eye
hypothesis by comparing the gaze following behavior of great apes to that of human infants. A human experimenter “looked” to the ceiling
either with his eyes only, head only (eyes closed), both head and eyes, or neither. Great apes followed gaze to the ceiling based mainly on
the human’s head direction (although eye direction played some role as well). In contrast, human infants relied almost exclusively on eye
direction in these same situations. These results demonstrate that humans are especially reliant on eyes in gaze following situations, and
thus, suggest that eyes evolved a new social function in human evolution, most likely to support cooperative (mututalistic) social interactions.

© 2006 Elsevier Ltd. All rights reserved.
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Introduction

One of the central puzzles of human evolution is when and
how humans became so cooperative. Humans engage in fre-
quent, large-scale, complex, even institutionalized cooperation
with non-kin to a degree unprecedented among the primates, if
not all animal species (Richerson and Boyd, 2005).

Humans also cooperate in some unique ways in close-range
social interactions involving two or a few individuals acting
together toward a concrete goal, possibly communicating as
they do so. Similarly, chimpanzees hunt monkeys together in
small groups (Boesch and Boesch, 1989; Mitani and Watts,
1999), and indeed, recent experimental research has estab-
lished that in cooperation of this kind they (i) know when
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they do and do not need a partner, and (ii) can distinguish
helpful from unhelpful partners (Melis et al., 2006). However,
there are still differences with human cooperation in terms of
both cognitive and motivational bases. Warneken et al. (2006)
found that young human children were much more motivated
than young chimpanzees to engage in cooperation for its own
sake (not just for an instrumental goal), and they communi-
cated during the cooperation in much more complex ways
than did their ape cousins.

Perhaps of special importance, humans seem especially in-
clined, as compared with other primates, to engage with one
another in collaborative activities around objects—so-called
joint attentional interactions (Bard and Vauclair, 1984; Toma-
sello and Carpenter, 2005). In these triadic interactions, each
participant typically monitors what the other is attending to
visually—including the other’s monitoring of their own activ-
ities and visual attention—so as to coordinate actions more ef-
fectively (Tomasello et al., 2005). As one important example,
human mothers and infants regularly engage in joint
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attentional interactions around objects, and these form the ref-
erential context within which skills with language develop
(Bruner, 1983; Tomasello, 2003). Quantitatively, when human
infants interact with caregivers, they engage in joint atten-
tional interactions that average twice as long in duration as
those of human-raised great apes with their caregivers, and
importantly, during these interactions the duration of infants’
looks to the face/eyes of the caregiver average twice as long
as those of the apes (Carpenter et al., 1995). In joint attentional
interactions among adult humans, as well as adult-child pairs,
participants make frequent use of the visually-based pointing
gesture. This gesture requires the participants to monitor the
gaze direction of one another fairly closely, and pointing is
not used by other primate species in their natural communica-
tion (Call and Tomasello, in press). In general, it would seem
to be an advantage in initiating and maintaining collaborative/
joint attentional/communicative interactions of the human
kind that one’s eyes be easily visible to others in order to fa-
cilitate a shared activity—assuming that the other is a cooper-
ative partner not overly inclined toward exploitation.

It turns out, as is well-known, that humans indeed do have
especially visible eyes (Kobayashi and Kohshima, 1997). Hu-
man eyes are colored in a way that helps advertise both their
presence and their gaze direction much more saliently than
in other primates. Kobayashi and Kohshima (2001) examined
92 primate species (including humans) and found that 85 had
exposed sclera that were uniformly brown or dark brown. Mi-
croscopic analysis showed that the brown coloration of the ex-
posed sclera was created by pigmentation deposition in the
epithelium cornea, conjunctiva, and sclera. In addition, when
eye coloration was compared to facial skin coloration in a sub-
set of 81 species (including humans), 80 species were found to
have low contrast in eye and facial skin coloration (i.e., the
outline of the eyes and the position of the iris were difficult
to distinguish due to the similarity in color of the facial
skin, sclera, and iris). The only species with a transparent con-
junctiva and white sclera without any pigmentation was hu-
mans. In addition, humans were the only species in which
the eye outline and the position of the iris were clearly visible,
since the exposed sclera was paler than the lightest colored iris
or surrounding skin. Finally, the human eye and its visible re-
gions were found to be disproportionately large and horizon-
tally elongated for body size (i.e., the visible regions of
human eyes were bigger than that of the much larger gorilla).
In a quantitative comparison, Kaplan and Rogers (2002) found
that the amount of visible sclera was three times greater in hu-
mans than in orangutans (when looking straight ahead—twice
as large when looking to the side).

Thus, one hypothesis is that human-type eyes evolved in the
context of pressures for enhanced cooperative-communicative
abilities of the kind needed in mutualistic social interactions in-
volving joint attention and visually based communication such
as pointing. At present, we know of no data directly relevant to
this hypothesis. But at the same time, we know of no system-
atic data supporting any other hypotheses explaining the
uniqueness of the human eye in terms of function (although
see Kobayashi and Kohshima, 2001, for some interesting

related data). One approach is to compare the way that
humans and their closest primate relatives follow the gaze di-
rection of others, specifically, in the extent to which they use
the eyes versus the head in gaze following. There is relevant
information in previous studies of gaze following in both
nonhuman primates and human infants, but in none of these
has the distinction between following the direction of the
head alone versus following the direction of the eyes alone
been systematically tested. It is thus unclear if humans
make special use of the eyes as compared with other primate
species including great apes.

In experimental paradigms with great apes in which the
subject must determine whether a human can see her or
not—for example, before gesturing—the results are mixed. In
some studies, chimpanzees and other apes care whether the
human is bodily oriented toward them (e.g., Povinelli and
Eddy, 1996a; Liebal et al., 2004), but they do not seem to
care whether the human’s eyes are open or closed (Povinelli
and Eddy, 1996a; Kaminski et al., 2004). Other studies, how-
ever, have found that some apes were sensitive to whether the
human’s eyes were open or closed in such situations (Call and
Tomasello, 1994; Gomez, 1996), and other studies have indi-
cated that monkeys can take into account the state of the hu-
man’s eyes in competitive situations (Vick and Anderson,
2003; Flombaum and Santos, 2005) and in some gaze follow-
ing situations (Deaner and Platt, 2003). In experimental
paradigms in which subjects have to use human-given cues
to locate a hidden reward—the so-called object choice
paradigm—the evidence is again mixed. Numerous studies
have shown that apes and monkeys find it difficult to use the
head or eye orientation of a human experimenter to locate
a hidden reward (see Call and Tomasello, 2003, for a review).
Other studies, however, have found positive results both with
face and eye direction in apes (Povinelli and Eddy, 1996b;
Itakura and Tanaka, 1998).l What is currently unknown is
the relative strength of the head versus the eyes in eliciting
gaze following behavior in any nonhuman primate species.

Human infants follow gaze direction to near targets during
the first year of life (D’Entremont et al., 1997), and to more
distant targets at around the first birthday (Carpenter et al.,
1998). Infants seem to follow glancing with the eyes (no
head movement) from around 18 months of age (Corkum
and Moore, 1995). In the only study with a direct comparison
of head and eyes, Brooks and Meltzoff (2002) found that 14-
month-old infants follow an adult’s gaze direction more often
when her eyes are open than when they are closed—and also
more often when her eyes are unobstructed versus when they
are covered with a blindfold. Even in human infants, however,
there has been no direct comparison of the relative effective-
ness of head versus eyes in eliciting gaze following behavior.

! Note that numerous nonprimate species can spontaneously use face direc-
tion in this task, but there is little evidence that they can also use eye direction
(Hare et al., 1998; Tschudin et al., 2001; Scheumann and Call, 2004; Kaminski
et al., 2005; but see McKinley and Sambrook, 2000), although some can be
trained to use eye orientation as a discriminative cue (e.g., Miklosi et al.,
1998; Vick and Anderson, 2000).
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In the current study, we systematically tested the role of the
head versus the eyes in the gaze following of great apes and
human infants. Based on humans’ greater propensity for
object-centered cooperative/communicative interactions (joint
attentional interactions) and their especially visible eyes, our
hypothesis was that human infants would be more influenced
by the eyes than the head, whereas great apes would be
more influenced by the head than the eyes. We tested this ““co-
operative eye hypothesis™ in a simple 2 x 2 design with the
two factors Head (turned or not) and Eyes (open or closed).
This design enabled a direct comparison between the role of
head and eyes in the gaze following of humans versus great
apes. As an additional probe, we also presented these same
subjects with a human with his back turned, who then looked
up. This enabled us to differentiate the role of the head versus
the face (front of the head) more specifically. Because of var-
ious practical considerations (e.g., ape housing), the methods
used with the great apes and human infants were slightly dif-
ferent, and so the two studies are reported separately.

Study 1: great apes
Methods

Participants. Participants were 19 great apes housed at the
Wolfgang Kohler Primate Research Center: 11 chimpanzees
(Pan troglodytes) ranging in age from 4 to 27 years, 4 gorillas
(Gorilla gorilla) ranging in age from 5 to 25 years, and 4 bo-
nobos (Pan paniscus) ranging in age from 6 to 20 years. Three
additional chimpanzees and five orangutans were tested but
did not pay attention to the gaze cues sufficiently for their
skills to be reliably assessed; specifically, subjects who failed
to attend on all five trials in a given experimental condition
were excluded (see below).

Procedures. Each participant was tested individually in a test
room separated from a human experimenter (E) by either plex-
iglass or wire mesh. For testing, E sat about 1 m from a plex-
iglass panel and attracted the subject to a location directly
opposite (using food if needed). E only began a trial when
the subject was sitting close to the plexiglass panel and look-
ing at his face (vocalizations to attract attention to the face
were used when needed). Each trial consisted of E giving
a looking cue up to the ceiling (no specific object present)
for approximately 10 seconds. If the subject remained close
and continued to attend, the next trial was given approximately
10 seconds later (if not, E attracted him back to the appropriate
location). All trials were videotaped by a camera placed be-
hind and slightly to the side of E and aimed at the subject’s
seated location.

Each subject received five trials in each of six experimental
conditions (the four conditions from the 2 x 2 design plus the
back of the head condition and its control; see below). The five
trials of each condition were presented as a block (about one
minute between blocks) with order of conditions counterbalanced
across subjects to the maximum degree possible. The six experi-
mental conditions were as follows:

e Head Only. E closed his eyes and looked immediately to
the ceiling.

e Eyes Only. E kept his head stationary and glanced with his
eyes to the ceiling.

e Both. E looked to the ceiling with head and eyes.

e Neither. E stared straight ahead at the subject.

e Back of Head. E sat with his back to the subject and
looked up to the ceiling.

e Back Control. E sat with his back to the subject and
stared straight ahead.

Videotapes were scored by the third author. A trial was scored
as anon-trial if the subject clearly did not attend to the given cue.
These trials were not used in the quantitative analyses. Given
attention to the cue, a subject’s response was scored as gaze
following if he looked to the ceiling, specifically, if he oriented
his head and eyes upward so that the underside of the chin could
be seen on the videotape. Any other direction of gaze was scored
as not gaze following. A randomly selected 20% of the trials
were scored by an independent rater. Interobserver reliability
was estimated by Cohen’s Kappa at 0.83, an “‘excellent value”
(Bakeman and Gottman, 1986).

Results

Because subjects had a different number of scoreable trials
in each condition (always at least one), proportions were used
in all analyses. Mean proportions are presented in Table 1. The
main statistical analysis was a 2 x 2 ANOVA with the factors
Head and Eyes—covering the first four conditions listed in the
Methods section above. For the apes, movement of the head
and eyes each induced looking independently: for head F(1,
18) = 27.68, p < 0.001; for eyes F(1, 18) =6.69, p=0.019.
The interaction of these two factors was not statistically signif-
icant. Head seemed to be a more powerful factor than Eyes
given that the effect size for the factor Head (Partial
Eta=0.61) was almost 2.5 times larger than the effect size
for the factor Eyes (Partial Eta =0.27). Although there were
too few individuals of each species to examine species differ-
ences statistically, an informal comparison of means suggested
that all three species were influenced by the head and eyes in
basically similar ways.

To examine whether the apes reliably followed gaze direc-
tion in the Back of Head condition, this condition was com-
pared to the Back Control condition (last two conditions
listed above). Apes followed E’s look up to the ceiling more
than a third of the time (0.38) when they saw this look from
behind, whereas they never looked up when just staring at
the back of E’s stationary head—a reliable difference

Table 1
Mean proportion of looks to the target for apes in Study 1 (n = 19), as a func-
tion of whether E’s head and/or eyes were directed at the target

Eyes
Yes No
Head Yes 0.53 0.35
No 0.13 0.06
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t(18) =4.78, p < 0.001. Again, informally, this result seemed
to hold equally for each of the three species.

Discussion

Both the direction of E’s head and the status of his eyes af-
fected whether apes in the current study looked to the ceiling,
but the head was clearly the most important factor. Apes fol-
lowed E’s head direction up even if his eyes were closed,
and they were more likely to follow his open eyes to the ceil-
ing if his head was also directed up. Interestingly, apes also re-
liably followed E’s head direction to the ceiling when they
were viewing him from behind. This suggests that when
apes are following head direction, they are clearly distinguish-
ing back from front and following the direction to which the
front, the face, orients. The overall conclusion is that the
gaze following of great apes is mainly influenced by face
direction, with the eyes playing some role as well.

Study 2: human infants
Methods

Participants. Participants were 20 human infants at 12 months-
of-age (within two weeks on either side) and 20 human infants
at 18 months-of-age (within two weeks on either side). All chil-
dren were from a middle-sized German city. There were approxi-
mately equal numbers of boys and girls at each age. Infants were
recruited from a child database consisting of families who had pre-
viously volunteered for developmental research. Five additional
infants (three 18-month-olds and two 12-month-olds) were tested
but excluded from the study for failure to cooperate or parent
interference.
Procedures. Parents brought their children to a child labora-
tory. After a brief warm-up period, the infant was seated on
the parent’s lap. The experimenter (E) sat directly across at
a distance of about 1 to 2 m. E only began a trial when the in-
fant was looking to his face (vocalizations to attract attention
to the face were used when needed). As in Study 1, each trial
consisted of E giving a looking cue up to the ceiling (no spe-
cific object present) for approximately 10 seconds. If the sub-
ject remained attentive, the next trial was given approximately
10 seconds later. All trials were videotaped by a camera placed
behind and slightly to the side of E and aimed at the infant.

Each subject received four trials in each of five experimen-
tal conditions (the four conditions from the 2 x 2 design plus
the Back of Head condition; described in Study 1). The Back
Control condition was not used with the infants because pilot
testing revealed that many infants became upset when E turned
his back and paid no attention to them (the Back of Head con-
dition is thus compared with the Neither condition). The four
trials of each condition were presented as a block (about one
minute between blocks) with order of conditions counterbal-
anced across subjects.

Videotapes were scored by the third author. As in Study 1,
a trial was scored as a non-trial if the subject clearly did not
attend to the given cue; it was scored as gaze following if

she looked to the ceiling; and it was scored as not gaze follow-
ing if she looked in any other direction. A randomly selected
20% of the trials were scored by an independent rater, and in-
terobserver reliability was estimated by Cohen’s Kappa at
0.92.

Results

Subjects had different numbers of scoreable trials in each
condition (always at least one), therefore proportions were used
in all analyses. Mean proportions are presented in Table 2.
The main statistical analysis was a mixed 2 x 2 x 2 ANOVA
with the factors Age, Head, and Eyes. This analysis
yielded a main effect for age, F(1, 38) =4.67, p=0.037,
such that the 18-month-olds followed gaze more often overall.
In terms of the experimental manipulation, the analysis iden-
tified Eyes as the only significant factor, F(1, 38) =22.70,
p <0.001. The factor Head showed a trend towards signifi-
cance, F(1, 38)=3.18, p < 0.083. The interaction of these
two factors was not statistically significant (nor were any other
interactions). In contrast to the apes, for the children, eyes
seemed to be a more powerful factor than head, since the ef-
fect size for the factor Eyes (Eta =0.37) was more than five
times larger than the effect size for the factor Head
(Eta=0.07).

Both age groups followed the back of the head reliably as
compared with the control condition. Twelve-month-olds fol-
lowed E’s look up to the ceiling a bit less than one in five times
(0.16) when they saw this look from behind, whereas they
never looked up when E was staring straight ahead at them
(0)—a reliable difference [t(19)=3.12, p=0.006]. Eigh-
teen-month-olds followed E’s look up to the ceiling about
half the time (0.49) when they saw this look from behind,
whereas they looked up only infrequently (0.08) when E
was staring straight ahead at them—again a reliable difference
[t(19) =5.05, p < 0.001].

Discussion

Like the apes, the human infants were influenced both by
the direction of E’s head and by the status of his eyes. In con-
trast to the apes, however, by far the most important factor for
human infants was the eyes. In the overall analysis, the effect
of Eyes was statistically reliable, whereas the effect of Head
was only marginally so, with the effect size for Eyes being

Table 2

Mean proportion of looks to the target for human infants in Study 2 (n = 20 for
both 12- and 18-month-old infants), as a function of whether E’s head and/or
eyes were directed at the target

Age Eyes
Yes No
Head Yes 12 0.20 0.06
18 0.33 0.05
No 12 0.09 0
18 0.24 0.08
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five times larger. As in the case of the apes, both ages of in-
fants also readily followed E’s head direction when he looked
up and they were viewing from behind.

General discussion

The results of the current studies provide strong support for
the cooperative eye hypothesis. Both great apes and human in-
fants followed the gaze direction of a human reliably. In the
condition in which E’s head and eyes both were oriented up-
ward, both apes and infants looked up seven to nine times
more often than when E’s head and eyes both were oriented
downward (see Tables 1 and 2). However, in the conditions
in which head and eye orientation were incongruent, the spe-
cies showed very different patterns of gaze following. The
apes tended to follow the head: they looked up approximately
2.5 times more often when only E’s head was oriented up
(eyes closed) than when only E’s eyes were oriented up
(head down). Human infants showed precisely the opposite
pattern: they looked up approximately three times more often
when only E’s eyes were oriented up (head down) than when
only E’s head was oriented up (eyes closed). This pattern of
results confirms that human infants are much more attuned
to the eyes—at least in gaze following situations—than are
their nearest primate relatives, the African great apes. Both
apes and human infants followed the direction of the front
of the head—the face—when the eyes were not available.

As a first set of findings, the current results may be limited
in a number of ways. First, it should be noted that the human
subjects were infants, whereas the ape subjects were mostly
adults. It is possible that ape infants—as dependent individuals
interacting mostly in close range with their mothers—would
also be especially attuned to the eyes. However, in the current
sample there were three chimpanzees three to five years of
age—the youngest age at which apes follow gaze direction re-
liably in the vertical dimension (Tomasello et al., 2001)—and
their pattern of performance was in no way exceptional. This
is despite the fact that these individuals had been raised by
humans, and there is some evidence that great apes raised
by humans are more attuned to human eyes than are their
mother-reared conspecifics (Call and Tomasello, 1994;
Gomez, 1996; Itakura and Tanaka, 1998). Finally, the experi-
menter who provided the looking stimulus was of course
human for both species, and this may have had some influence.
It should be noted, however, that in a wide variety of para-
digms, great apes follow human gaze quite reliably, and indeed
in the current studies, apes’ overall level of gaze following was
actually higher than that of the human infants.

Gaze following is widespread in the animal kingdom with
recent evidence coming from such widely diverse species as
domestic goats (Kaminski et al., 2005), ravens (Bugnyar
et al., 2004), and several primate species (e.g., Tomasello
et al., 1998; Anderson and Mitchell, 1999). In terms of eye di-
rection specifically, the only systematic evidence is for rhesus
and pigtail macaques (Ferrari et al., 2000; Deaner and Platt,
2003). Most importantly, Deaner and Platt (2003) found that
rhesus monkeys showed some sensitivity to eye direction

alone in the absence of head direction. Although the situation
was very different in that study (looker = static picture of rhe-
sus monkey), these results are generally consistent with ours in
showing some sensitivity to eye direction. However, this does
raise the possibility that relative sensitivity to the eyes and the
head may differ across primate species, and this should be fur-
ther investigated. In general, using head and/or face direction
as the major cue makes sense for all animals, as head direction
can be seen from a much larger distance than can eye direc-
tion, and the two are, of course, normally highly correlated.
Additionally, if eye direction is hard to determine because of
low eye visibility, individuals should privilege head direction
because it offers a far more available indicator of anothers’ at-
tention (Kaminski et al., 2004). This may be particularly im-
portant in competitive situations in which misjudging where
a dominant animal is looking may have dire consequences
for a subordinate animal.

From the point of view of the looker, the fact that another
individual exploits the information provided by its gaze direc-
tion may, in some cases, be detrimental (e.g., the other sees
and gets the food first), and so, encouraging this behavior in
others would seem to be risky. At the very least, individuals
in constant competition with onlookers should not evolve mor-
phological characteristics to help these others follow their gaze
direction. The evolution of highly visible, human-like eyes
would thus seem to imply cooperative groupmates who will
not exploit the gaze direction of others to the extent that the
looker is disadvantaged. It is possible that this logic applies
across species more generally in a context dependent fashion,
so that even great apes might pay more attention to eyes—and
be less concerned about others following their eyes—in highly
cooperative and/or mutualisitic situations such as grooming.
This is a question for future research. However, the fact re-
mains that humans, and only humans among primates, have
developed a morphological feature—the highly visible eye—
that makes their gaze direction easier for others to follow
across all contexts.

Our cooperative eye hypothesis—as an extension of the sig-
naling hypothesis of Kobayashi and Kohshima (2001)—is ob-
viously not the only possibility. One can easily imagine that
white sclera signal good health and therefore good mates.
However, to our knowledge, there is no evidence for this
hypothesis. It may also be that the unique morphology of
the human eye is important not for indicating gaze direction
in cooperative interactions, but for enforcing cooperative and
altruistic behavior in others more generally. Thus, Burnham
and Hare (in press; see also Haley and Fessler, in press) found
that human adults contribute more in cooperative games when
eye-like stimuli are visible. The hypothesis is that knowing
others are watching is a strong deterrent to cheaters in cooper-
ative situations, and so, the spying individual benefits from
advertising his spying. It is also possible that humans have
developed highly visible eyes in order to direct others’ atten-
tion to external targets deceptively.

Needless to say, these hypotheses are not mutually exclu-
sive, and highly visible eyes may serve all of these functions.
We have simply established one function: for use as a cue to
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gaze direction. It is an advantage of the cooperative eye hy-
pothesis that it fits so well with current evidence suggesting
an overall difference in cooperativeness between humans
and other apes. Indeed, in a recent study chimpanzees were
found to be more skillful in using a human communicative
cue to food location when it was given in a competitive, as op-
posed to a cooperative, context (Hare and Tomasello, 2004),
whereas human two-year-olds showed the opposite pattern
(Hermann and Tomasello, 2006). And as noted above, humans
engage frequently in visually based communication about ex-
ternal objects, often with the species-unique pointing gesture,
which requires both individuals to monitor the direction of
attention of the other. Also, in communication, human eyes
often signal various relevant emotional states (Baron-Cohen
et al., 1997; Baron-Cohen et al., 2001; Adolphs, 2002; Ekman,
2003). For example, humans may signal cooperative intentions
more or less directly using the eyes and other bodily expres-
sions (e.g., the smile), whereas apes do not do this to the
same extent, and highly visible eyes are not needed for this
purpose. Interestingly in this regard, humans with autism
seem to pay less attention to others’ eyes and have more dif-
ficulty detecting when others make eye contact with them
than do non-autistic individuals (Klin et al., 2002; Senju
et al., 2003). They also seem to have trouble understanding
how intentions can be inferred from information contained
in the eye region of the face (Baron-Cohen et al., 1995,
1997; Ristic and Kingstone, 2005). Given that children with
autism are known to have problems with a suite of cooperative
and communicative skills, their lesser use of eyes might con-
ceivably be seen as diagnostic of their cooperative/communi-
cative skills more generally.

The current study thus supports the hypothesis that highly
visible eyes and the way individuals use the eyes of others
in social interaction are unique to humans, at least among
the great apes. This may be because humans engage in special
forms of cooperative/mutualistic interactions. If this coopera-
tive eye hypothesis is correct, it would be especially useful
to know when in evolution humans’ highly visible eyes origi-
nated, as this would suggest a possible date for the origins of
uniquely human forms of cooperation and communication.
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