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Abstract-Gaze folloll'ing is a behal'ior that drall's the human
infant into perceptual colltact lI'ith objects or evellts in the
1I'0rld to II'hich others are attending. One interpretation of the
development of this phenomenon is that it signals the emer-
gence ofjoint or shared attention, II'hich may be critical to the
developmellt oftheory ofmind. An alternatil'e interpretation is
that gaze folloll'ing is a noncognitive mechanism that exploits
social stimuli in order to orient the infant (or adult) to importall1
evell1s in the world. We report experimental results that chim-
panzees display the effect in response to both mOl'ement ofthe
head and eyes in concert and eye mOl'emellt alone. Additional
tests indicate that chimpanzees appear able to (a) project all

imaginary line of sight through inl'isible space and (b) under-
stand hall' that line of sight can be impeded by solid. opaque
objects. This capacity may hm'e arisen because ofits reproduc-
tive payoffs in the context of social competition with conspe-
cifics. predation avoidance, or both.

Between 2 and 6 years of age, human children consolidate an
understanding of the mind as a repository of mental states and
events (Flavell, 1988; Flavell, Green, & Flavell, 1995; Perner,
1991; Wellman, 1990). Researchers interested in the develop-
ment of these aspects of the child's theory of mind have re-
cently explored the development of the young child's concep-
tual understanding of symbolic play, desire, visual perception,
appearance and reality, sources of knowledge, representational
change, and false belief (Flavell, Everett, Croft, & Flavell,
1981; Flavell, Green, & Flavell, 1993; Gopnik & Graf, 1988;
Gopnik & Slaughter, 1991; Harris, 1991; Leslie, 1987; Lillard,
1993; Perner, 1991; Wellman, 1990; Wimmer, Hogrefe, &
Perner, 1988; Wimmer & Perner, 1983). The term theory of
mind originated from the work of Premack and Woodruff
(1978), who experimentally investigated the capacity of a chim-
panzee to attribute desires to others. Ironically, although Prem-
ack and Woodruffs work sparked a renewed interest among
developmental psychologists in the development of the young
child's understanding of mental states, it has inspired compar-
atively little empirical work among comparative psychologists
(see Povinelli, 1993; Tomasello & Call, 1994). Despite this ne-
glect, comparative research in the area of theory of mind is
critical to understand the timing and order of the appearance of
various aspects of mental state attribution and ultimately the
function of such abilities. The first step toward achieving these
goals will be to identify homologous pathways controlling the
expression of mental state attribution among members of the
great ape-human clade.
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One candidate domain for a common aspect of development
in theory-of-mind capabilities is an understanding of the mental
state of attention as instan~iated by visual gaze. Two lines of
evidence suggest that humans and chimpanzees may share a
common cognitive developmental program controlling the un-
derstanding of visual perception as the mental state of attention.
First, human infants display a reliable ability to understand the
referential aspect of the attentional-visual focus of others by 18
to 24 months (review by Baldwin & Moses, 1994), approxi-
mately the same age at which they develop other behavioral
patterns including the self-conscious emotions, symbolic play,
planning, altruism, elaborate naming skills, and the capacity to
recognize themselves in mirrors (review by Povinelli, in press).
Chimpanzee sensorimotor development appears to follow a tra-
jectory similar to that of humans prior to this period (although
at a different rate), and chimpanzees clearly develop the capac-
ity to recognize themselves in mirrors (Gallup, 1970; Povinelli,
Rulf, Landau, & Bierschwale, 1993). Thus, although other hy-
potheses exist, humans and chimpanzees may share a domain-
general cognitive developmental pathway up to and including
many of the abilities displayed in 18- to 24-month-old human
infants, including joint attention (Povinelli, in press). A second
reason for suspecting strong overlap in human and chimpanzee
understanding of the attentional aspects of visual perception is
that chimpanzees display mutual gaze in affiliative contexts,
unlike many other primate species for whom direct eye contact
is an aversive stimulus.

As part of our effort to reconstruct the evolution of these
cognitive abilities, we recently explored young chimpanzees'
understanding of the attentional aspects of visual perception.
The results of 14 separate experiments provided converging
evidence that although 5- to 6-year-old chimpanzees easily learn
rules about the eyes and faces of other individuals, they do not
appear to grasp the fact that the eyes may direct an underlying
mental state of attention (Povinelli & Eddy, 1994, 1996). How-
ever, our results did demonstrate that by at least 5 years of age,
chimpanzees display the gaze-following response (e.g., Scaife
& Bruner, 1975). This result raised the possibility of an evolu-
tionary and developmental dissociation between gaze following
and joint visual attention.

Human infants develop and elaborate the capacity for gaze
following between 6 and 18 months of age (Butterworth &
Cochran, 1980; Butterworth & Jarrett, 1991; Corkum & Moore,
in press; Scaife & Bruner, 1975). In the typical paradigm, an
adult makes eye contact with a stationary infant and then di-
rects his or her gaze to the infant's right or left; gaze following
refers to the ability of infants of this age to turn their heads in
the direction that the adult is looking. Butterworth and his as-
sociates have demonstrated three stages in the development of
the gaze-following response, arguing that infants progress grad-
ually from being able to use the head movements of others to
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orient in the same general direction within their visual field (6
months), to being able to localize the particular object at which
the other is looking (12 months), to finally being able to follow
someone else's gaze into space that is outside their own visual
field (18 months). Gaze following is held by some researchers to
be an early landmark of the infant's developing appreciation of
the internal mental state of attention in others (Baron-Cohen,
1994), as well as a precursor to the development of more elab-
orated aspects of theory of mind (Baron-Cohen & Swettenham,
in press). Other researchers hold out for a more reductionist
interpretation of gaze following, arguing that the infant's psy-
chological system need not represent anything about other
minds to exploit the visual gaze of others to discover interesting
sights in the world (Butterworth & Jarrett, 1991; Tomasello, in
press).

The studies reported here were designed to examine more
closely the gaze-following effect in young chimpanzees in order
to begin to reconstruct the homologous developmental path-
ways in the two species. In particular, we sought to (a) deter-
mine the commonalities of the conditions that could elicit the
gaze-following effect in chimpanzees and humans and (b) test
two alternative psychological interpretations of the phenome-
non. Given the potential adaptive benefits of the response, we
predicted fairlY extensive overlap in the underlying mechanisms
controlling the behavior.

EXPERIMENT 1

Method

Seven 5- to 6-year-old chimpanzees participated in this ex-
periment (rearing and experimental histories are described in
Povinelli & Eddy, 1996). On a typical trial, an individual subject
was released through a shuttle door from an outside waiting
area into a familiar test unit. The subject approached a Plexiglas
panel that separated him or her from a human experimenter,
and executed a species-typical begging gesture by reaching
through a hole in the panel toward the experimenter.' On base-
line trials, as soon as the subject's hand passed through the
hole, an experimenter who was seated 0.5 m from the panel
praised the subject and then handed the animal a small food
reward (a cookie or piece of fruit). The subject then exited the
test unit and waited outside for the next trial.

In the first experiment, we attempted to replicate certain
effects displayed by human infants (Butterworth & Jarrett,
1991) in order to determine some of the stimulus features that
could produce the gaze-following response. Two types of ex-
perimental probe trials, as well as control probe trials, were
administered to the subjects. On eyes-pIlls-head probe trials, as
soon as the subject was released into the test unit, the seated
experimenter attempted to make eye contact. Once the subject
reached a predetermined distance from the Plexiglas panel, the

1. Details of how the animals were trained to perform this gesture for
a different set of experiments are outlined in Povinelli and Eddy (1996).
This response was chosen for these experiments because it was an
effective means of maintaining the subjects in a standardized position
conducive to the delivery of the experimental treatments.
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experimenter moved his or her head and eyes to look at a pre-
determined location above and behind the subject either on the
right or on the left. This 1J10vement was extensively choreo-
graphed prior to the beginning of the study to ensure uniformity
across trials and across the three experimenters who partici-
pated. On eyes-ollly probe trials, the procedure was identical
except that the experimenter only averted his or her eye gaze to
one of the predetermined locations without moving any other
part of the head or body. On cOlltrol probe trials, the experi-
menter did not execute a treatment; these probe trials were thus
identical to normal baseline trials.

Each subject received eight sessions of testing, with each
session consisting of 10 trials. Two trials in each session were
designated in advance as probe trials in which either one of the
experimental trial types or a control trial occurred. The remain-
der of the trials in each session were identical to baseline trials
and served as spacing trials. These spacing trials were not tar-
geted for analysis but instead were intended to minimize carry-
over effects from trial to trial. 2 To control for possible order
effects, the subjects were randomly assigned to two groups (II
= 3 and 11 = 4). Group I received probe trials in the following
order: Sessions I and 2 contained control probe trials, Sessions
3 and 4 contained eyes-plus-head probe trials, Sessions 5 and 6
contained control probe trials, and Sessions 7 and 8 contained
eyes-only probe trials. Group 2 received the same testing
scheme except that the eyes-plus-head and eyes-only sessions
were reversed. Thus, across the entire'experiment, each subject
received a total of eight control probes, four eyes-plus-head
probes, and four eyes-only probes.

Videotapes of the sessions revealed the back of the experi-
menter and a frontal view of the chimpanzees as they entered
the test unit, approached the panel, and gestured. Four raters
read a standardized instructional set and then observed the
tapes and coded the trials for whether the subjects turned their
heads to look either (a) up and behind themselves or (b) directly
up above themselves. The criterion for coding that the subject
had looked behind itself was if the rater saw the animal turn its
head and shoulders more than 900 from center. The raters had
not participated in testing the animals. To eliminate possible
observational bias, the raters placed an opaque screen over the
image of the experimenter before each trial began, thus com-
pletely obscuring his or her movements. Thus, it was impossi-
ble for the raters to know whether it was a probe trial. The
raters were instructed to record whether the described head
turns had occurred at any point from the moment the chimpan-
zee entered the test unit until 4 s after the subject's hand passed
through the panel. A comparison of the percentage of agree-
ment scores between all pairs of the four observers indicated a
high degree of reliability across the 112 probe trials that each

2. To minimize behavioral variability caused by potential orientation
and fatigue effects, Trials 1,2,9, and 10 never served as probe trials.
The two probe trials per session were assigned in advance by first
creating the six possible pairs of probe trials that could occur between
Trials 3 through 8 if at least two spacer trials occurred between the
probe trials. Next, these six possible combinations of pairs of trials
were assigned randomly to the animals across sessions without replace-
ment until all pairs were exhausted. The process was rcpeated until all
sessions were filled.
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observer scored; the average reliability of the six resulting pair-
wise comparisons was 89% (range = 86% to 92%).

Results and Discussion

Figure I reveals how the various treatments influenced the
chimpanzees' tendencies to turn their heads more than 90° from
center and up to either the right, left, or middle. A clear effect
is present for both types of experimental probe trials as com-
pared with control probe trials. In order to meet the analysis of
variance assumption of homogeneity of variance, the data were
subjected to a log(x + I) transformation before analysis. A
one-way repeated measures analysis of variance revealed a
strong overall effect, F(3, 18) = 15.824, p < .0001. Planned
Tukey-Kramer posttests further indicated th<lt the subjects
turned their heads significantly more often on both types of
experimental probe trials than they did on the control probe
trials from either of the two baseline sessions (p < .05 in all four
cases). The posttests also indicated that the two experimental
treatments did not differ from each other. This latter result is
especially important because it indicates that the animals' re-
sponses were not caused simply by general head movement on
the part of the experimenter; in the eyes-only treatment, the
experimenters did not move any part of their bodies except for
their eyes.

A further analysis examined the specificity of the direction
of the subjects' head turns in relation to the direction of the
experimenters' glances. The data from one of the four original
observers were used to determine which trials would be cod"ed.
This observer was instructed to review each trial on which she
had previously recorded a head-turn response and to record the
direction of head turn for the subjects' first response on each
trial. A secondary reliability rater who was completely blind to
the purpose and design of the study was instructed to code the
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Fig. 1: P~rcentage of trials (±SEM) eliciting gaze-following
behaVIOr In response to eye and head movements in concert
(eyes + head), eye movements only (eyes), and no movements
(control). Each bar represents the group mean for the 7 sub-
jects.
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tapes i~ the same fashion. Interobserver agreement was 96%.
The pnmary observer's codings revealed a correspondence be-
tween the subjects' first glances" and the actual direction of the
e~p~riment~r'sgaze on 17 of25 trials (68%), a result marginally
SIgnificant If all responses are considered independent and
equally probable (binomial test, p < .054, where chance = .5).

EXPERIMENT 2

The findings of the first experiment indicated that the sub-
jects' gaze-following behavior could be controlled by move-
ment of either the eyes and head in concert or the eyes alone. In
addition, because the location of the experimenter's gaze was
above and behind the subjects, they also appeared to project
and track a line of sight into space outside their visual field, at
least when there were no interesting objects within their visual
field. This phenomenon does not emerge in human development
until roughly 18 months (Butterworth & Cochran, 1980). In a
second experiment, we explored the chimpanzees' understand-
ing of how another's line of sight both extends into invisible
space and is impeded by opaque objects. Two models that could
account for our initial findings are described in Figure 2. The
low-level model assumes the evolution of a tightly canalized
line-of-sight projection mechanism, coupled with a head-turning
response. Because of the existence of the orienting reflex in
derived mammals such as primates (Pavlov, 1927; Sokolov,
1963), the emergence of these two systems would be generally
sufficient to bring the perceptual systems of the two organisms
into contact with the same object (Butterworth & Cochran,
1980; Povinelli & Eddy, 1994). Thus, gaze following is held to
be an adaptive, commensal relation in which one organism ben-
efits from the behavior of another with little or no cost to the
other organism. Possible selective forces driving this system
could be social competition or predation (Alexander, 1974;
Chance, 1967; van Schaik, van Noordwijk, Warsono, & Sutri-
ono, 1983). Figure 2b contrasts this low-level model with a more
sophisticated understanding of how line of sight can be impeded
by opaque objects .

Method

The 7 chimpanzees from Experiment I served as subjects.
They began the training for this study 8 days after the comple-
tion of Experiment I. A solid partition was constructed and
bolted to the front of the clear panel to create the setting shown
in Figure 3.The subjects were then trained to enter the test lab
and reach through the clear panel and maintain the response for
4 s before the experimenter rewarded them.3 Next the subjects
were tested across 10 sessions in which Sessions I, 4, 7, and 10

3. In eight-trial sessions, the subjects were trained to maintain the
reaching gesture for 4 s by gradually increasing the criterion from [ to
4 s. After the subjects had successfully completed three sessions in
which Ihey were required 10 maintain their reaching gesture for 4 s on
each trial, they were assigned to variable-interva[ (2.5 s) response re-
mforcement scheduled to maintain attentiveness to the experimenter
during the response. Each subject received five sessions using the vari-
able-interval schedule before testing began.
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Fig. 2. Tvio models that could account for gaze following in
chimpanzees: a low-level psychological system that automati-
cally tracks the line of sight of others (a) and a high-level system
that understands how line of sight is impeded by opaque objects
(b). Solid lines represent the line of sight of the gazing animal;
dash-and-dot lines represent the line of sight of the animal
tracking the gaze. In (a), a chimpanzee observes a conspecific
shifting its visual gaze and then projects an imaginary line of
sight from the eyes of the conspecific into distant space. The
subject continues to turn its head, tracking the line of sight
(scanning past opaque features of the environment) until its own
visual system encounters an object or event (descending raptor)
that triggers the primitive orienting reflex (OR). This low-level
mechanism could allow an organism to exploit a conspecific's
visual perceptual system without having any formal represen-
tations of mental states such as attention in others (Butterworth
& Cochran, 1980; Butterworth & Jarrett, 1991). In (b), the low-
level model predicts that the subject should track the line of
sight to the habituated object (solid bush, along line x) and then
through and past it (along line y) because the subject's visual
system fails to encounter an event or object that triggers an OR.
A more sophisticated understanding of the projected line of
sight allows the subject to understand that it terminates some-
where behind the opaque object, and therefore the subject re-
orients itself (by moving forward) in order to gain direct visual
access to the area behind the opaque obstacle.
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Fig. 3. Test setting and treatments for Experiment 2. The four
treatments are 1M (a), in which the experimenter executed an
irrelevant movement; NM (b), in which the experimenter did
not move; GTP (c), in which the experimenter shifted his or her
gaze to a target on the partition; and FrP (d), in which the
experimenter moved a food reward to the target without looking
away from the subject. See the text for details.

contained 4 consecutive trials (Trials 3-6) that served as the
vehicle to deliver four different treatments. Intervening ses-
sions each contained 10 trials identical to training to assist in
maintaining the response. The order of the treatments was as-
signed so that each animal received each treatment in one of the
four possible ordinal positions across the four test sessions. In
addition, no animals received the same order of treatments
across sessions. As soon as the subject's hand passed through
the response hole, the experimenter engaged in one of four
behaviors: (a) shifted his or her gaze (both head and eyes) to a
fixed target on the front of the partition, which was not visible
to the subject from anywhere inside the test unit (glance to
partition, GTP); (b) moved a food reward to the target on the
partition without looking away from the subject (food to parti-
tion, FrP); (c) remained motionless (no motion, NM); or (d)
executed an irrelevant movement (irrelevant movement, 1M).
In all conditions, after 4 s elapsed, the experimenter praised and
rewarded the animal, signaling the end of the trial.

The low-level model predicted that when the chimpanzees
observed the human experimenter shift his or her gaze to a solid
partition (to which they were habituated), they would track the
experimenter's line of sight to the partition, and then through·
and past it to the wall of the test unit as they failed to encounter
a novel object or event that would trigger an orienting response.
In contrast, the sophisticated model predicted that the subjects
should move sideways and forward and attempt to look at the
surface of the partition (not visible from the subject's position)
at which the experimenter was looking. Both models predicted
low levels of looks to any of the targets in the 1M and NM
treatments. Finally, both models predicted looks to the
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Results and Discussion

Two single-degree-of-freedom statistical contrasts that em-
bodied the predictions of the two models were constructed. The
low-level model predicted that the frequency of glances to the
wall target in the GTP treatment and glances to the front target
in the FrP treatment should each be significantly greater than
the frequency ofglances in all other treatment-behavior cells. In
contrast, the sophisticated model predicted that the frequency
of front glances in both the GTP treatment and the FrP treat-
ment should be significantly greater than the frequency of
glances in all other treatment-behavior cells.

As indicated, the critical probe trials occurred in Sessions I,
4,7, and 10. Figure 4 reveals how the experimenter's behavior
controlled where the animals looked in these sessions. First, as
predicted by both models, the 1M and NM treatments virtually
never caused the animals to look at any of the three targets
during the 4-s interval. In striking contrast, for the GTP treat-
ment, 6 of7 animals in Session I and all 7 subjects in Session 4
were rated by some or all of the observers as having attempted
to look at the front target, with a group average of 0.86 glances
within the 4-s window in both of these sessions. Critical to an
evaluation of the model displayed in Figure 2, the subjects vir-
tually never turned to look at the wall behind them. The sub-
jects showed intermediate levels of glances to the back target.
There was also strong habituation across sessions for the
glances to both the front and the back locations. Finally, the
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front in the FrP treatment. The FrP treatment was necessary
in order to be certain that if subjects did not look to the front in
the GTP condition, it was not because of a general inhibition for
looking in that direction.

The videotape used for coding revealed only the chimpan-
zees's behavior when it was responding at the panel. This tape
did not reveal any portion of the experimenter or the target on
the partition at which the experimenter looked or held the food,
but it did reveal a small portion of the partition to the subject's
left, along with an additional 4-cm target affixed to the experi-
menter's side of the partition. This additional target was clearly
visible to observers viewing the tapes, but could not be seen by
the subjects.

Three observers who had not participated in testing the sub-
jects followed standardized written and videotaped rating in-
structions that did not reveal the purpose of the experiment.
The instructional tape first revealed the experimental setting,
including the visible target, from almost the same perspective as
in the tapes to be rated, but included the real target at which the
experimenter looked or held the food. This was designated as
the "front" target. The perspective of the instructional tape
next shifted slightly to depict the interior of the test unit in order
to reveal two bogus targets (which had not been present during
the actual study) from the inside of the test unit. The "back"
target was affixed to the back of the solid partition at exactly the
point behind the real target at which the experimenter looked or
held the food. The "wail" target was affixed to the location on
the test lab wall where the experimenter's line of sight would
strike if the partition was not present (in other words, if the line
of sight passed through the partition). Neither of these bogus
targets would be visible in the rating tapes because of the dif-
ferent perspective, but it would nonetheless be clear if the sub-
jects turned to look in the direction of these supposed targets.
Thus, the observers were led to believe that there were three
relevant targets present; two that they could not see but the
animal supposedly could, and one that they could see but that
the animal could not. The instructional set requested that the
observers view each of the treatment trials and exhaustively
note at which, if any, of the three targets (front, back, or wall)
the animal attempted to look in the 4 s (calibrated by an on-
screen timer) after the animal approached the panel and passed
its hand through the hole. No available information could allow
the observers to know either the nature of the four treatments
or that something different had occurred on some trials. The
three observers' scores were averaged to yield a data point that
indicated the average number of glances that occurred to each
of the three targets for each animal for each probe trial. Next,
the individual subjects' scores were averaged to produce group
means across sessions. The average interobserver agreement
for the occurrence of the behaviors was 90%.4

4. For each trial, observers made a discrete judgment concerning the
frequency with which the subjects attempted to glance at each of the
three target locations. Thus, 4 treatments (1M, NM, GTP, FTP) x 3
behaviors (glance to front, back, or wall) x 4 sessions (Sessions I, 4, 7,
10) x 7 subjects yielded 336 opportunities for observers to agree or
disagree as to whether a behavior occurred at least once. Nine of these
opportunities were lost because of a videotaping error in Session 4 for
1 subject, resulting in a total of 327 opportunities for agreement.

Sessions

Fig. 4. Average number of glances to the three target locations
(front, back, and wall) in response to experimental and control
treatments (which occurred in Sessions I, 4, 7, and 10) in Ex-
periment 2. Each data point represents the average number of
glances scored by three blind observers, averaged across the 7
subjects. See the text for an explanation of the four treatments.
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FrP treatment also caused the subjects to attempt to glance to
the front of the partition (which was not visible to them) and the
back of the partition (which was visible to them).

A 4 (treatment) x 3 (glance type) analysis of variance re-
vealed effects of treatment (F(3, 18J = 28.51, p < .00l) and
glance type (F{2, 121 = 11.04, p < .01), and an interaction
between the two (F[6, 36J = 8.82, p < .001). Thus, the 12 cells
of the experiment were arranged as a one-way repeated mea-
sures analysis of variance to allow for the two single-degree-of-
freedom comparisons that reflected the separate predictions of
the two models (Keppel, 1982). First, with respect to the pre-
dictions generated by the low-level model, the comparison of
the combined effects of the FrP-front and GTp'-wall glances
with all other treatment-behavior cells yielded a statistically
nonsignificant difference, F(I, 6) = 3.74, p > .10. In direct
contrast, the comparison of the combined effects of GTP-front
and FrP-front glances with all other treatment-behavior cells
revealed a strong effect, F(I, 6) = 17.32, p < .005. Together,
these results Clearly support the predictions of the sophisticated
model but not those of the low-level model.

These results allow us to reject the low-level model of gaze
following outlined in Figure 2. Not only did the subjects track
the experimenter's line of sight to a point outside their visual
field, they also took into account the obstructive properties of
an intervening feature of the environment to which they were
thoroughly habituated. Further, because the subjects moved
sideways in a direction away from the actual target to provide a
better view of the surface of the partition, our results demon-
strate how the gaze-following effect can incorporate whole-
body reorientations, as well as simply turning the head. Thus,
the subjects' behavior suggests that they were attempting to
orient their own visual systems to the location where the ex-
perimenter's imaginary line of sight (projected into invisible
space) contacted the solid partition. If the low-level model from
Figure 2 had been correct, the subjects should have tracked the
imaginary line of sight to the edge of the partition and then past
it to. the wall target area as their visual systems failed to en-
counter an interesting object to which they could orient. The
fact that they did not, but instead looked to the front of the
partition, indicates that these 5- to 6-year-old chimpanzees pos-
sess an ability to project and then subsequently track a line of
sight into invisible space, and to understand how, within that
space, the line of sight is truncated by the opaqueness of the
surface of the partition.

GENERAL DISCUSSION

Our research suggests that humans and chimpanzees share
extensive overlap in the mechanism responsible for gaze fol-
lowing. Like humans, by 5 years of age chimpanzees (a) will
display the gaze-following effect in response to eye movement
or eye and head movement in concert, (b) will track gaze into
space that is outside their perceptual field, and (c) can flexibly
deploy the response to account for opaque objects. The ability
to project a line of sight into invisible space is currently believed
to emerge in human infants by 18 months (Butterworth &
Cochran, 1980), but no research has investigated the age at
which human infants can represent the termination of a line of
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sight inside invisible space. However, research outside the
gaze-following literature suggests that by at least 2.5 years, in-
fants understand how line.of sight in general is impeded by solid
objects (Flavell et aI., 1981; Lempers, Flavell, & Flavell, 1977;
Masangkay et aI., 1974).

Much of the interest in the gaze-following phenomenon in
human infants has been related to the broader question ofjoint
attention as shared mental experience (e.g., Baron-Cohen,
1994). In human infants, joint attention has been investigated in
a number of contexts, including social referencing, word learn-
ing, and proto-declarative pointing (Bates, 1976; Bruner, 1975,
1976; Feinman, Roberts, Hsieh, Sawyer, & Swanson, 1992; To-
masello & Farrar, 1986). All of these behavioral patterns have
been proposed as evidence that infants appreciate the subjec-
tive attentional focus of others. Although our results show very
robust evidence of gaze following, they do not yet clarify if
chimpanzees display joint attention in this sense. In other
words, it is not yet clear if chimpanzees are capable of appre-
ciating another's projected line of sight as a metaphorical ex-
tension of their mental state of attention. In philosophy-of-mind
terms, we have not demonstrated that the animals appreciate
the intentionality (or "aboutness") of visual perception. Thus,
despite the remarkable sophistication of the chimpanzees' de-
ployment of the gaze-following response, it is possible that a
dissociation between gaze following and understanding the
mental state of attention behind gaze may still exist within their
species (and possibly our own as well). This would imply that
the epigenetic programs controlling the development of gaze
following evolved prior to the evolution of an understanding of
the mental state of attention per se, possibly because of selec-
tive payoffs related to social competition or predation avoid-
ance. Indeed, if portions of the mechanism evolved for either of
these reasons, it may be widespread in the social primates, and
possibly other social mammals as well (PovineIIi & Eddy, 1996).
Nonetheless, given the remarkable sophistication of chimpan-
zee joint-attention-like behaviors reported here, future research
should focus on pinpointing the timing of the development of
these abilities in both humans and chimpanzees, as well as
probing the underlying cognitive structures that support them.
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