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Abstract Among social species, the capacity to detect .
where another individual is looking is adaptive becaudiroduction
gaze direction often predicts what an individual is attend-
ing to, and thus what its future actions are likely to be. \Wd animals, including humans, routinely encounter an as-
used an expectancy violation procedure to determsmtment of moving objects in their natural environment.
whether cotton-top tamarinS4guinus oedipus oedipusA small primate foraging in the canopy, for example, will
use the direction of another individual's gaze to prediencounter other conspecifics, branches blowing in the
future actions. Subjects were familiarized with a sequeriweeze, oncoming predators, and so on. Psychological ob-
in which a human actor turned her attention toward ongj@fts represent an important subset of the moving objects
two objects sitting on a table and then reached for that ebeountered. Psychological objects are unique in that, un-
ject. Following familiarization, subjects saw two tedike physical objects, they tend to move around on their
events. In one test event, the actor gazed at the new olgeat, and more importantly, have the capacity to act on
and then reached for that object. From a human perspsber objects (Leslie 1994; Premack 1990; Premack and
tive, this event is considered consistent with the causalPeemack 1997). The ability to identify psychological ob-
lationship between visual attention and subsequent actjeats and predict their actions on other objects represents a
that is, grabbing the object attended to. In the second taeghly adaptive capacity.
event, the actor gazed at the old object, but reached for th®o non-human animals make predictions about the ac-
new object. This event is considered a violation of expéions of other psychological entities in their world? What
tation. When the actor oriented with both her head-armlies do they use to predict the behavior of other individu-
eyes, subjects looked significantly longer at the secamd? One method used by our own species is to determine
test event in which the actor reached for the objectwithere another individual is looking. As adult humans, we
which she had not previously oriented. However, thewaderstand that by focusing on where and what an indi-
was no difference in looking time between test eventislual is looking at, we are often able to infer what that
when the actor used only her eyes to orient. These filtdividual is thinking, and thus, what that individual’s fu-
ings suggest that tamarins are able to use some combimae actions are likely to be (Baldwin 1991, 1995; Butter-
tion of head orientation and gaze direction, but not gamerth 1991; Tomasello 1995). As such, the direction of
direction alone, to predict the actions of a human agenvisual attention may function as an important predictor of
an agent’s future behavior, as well as his underlying in-
Key words Gaze-following - Knowledge of agency -  tentions. The ability to use eye gaze to infer intentionality
Action expectation - Cotton-top tamarin and belief is part and parcel of our capacity to attribute
mental states to others (Baron-Cohen 1995a, 1995b).

In our own species, the ability to use eye gaze as a be-
havioral predictor emerges early in life. Baron-Cohen et
al. (1993) found that by 3years of age, children use the di-
rection of gaze to predict both what an individual wants
and where he is likely to act. This ability was examined in
even younger infants by Ann Phillips and her colleagues,
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for use with preverbal human infants (Baillargeon 199mporal cortex are dedicated to the detection of both
Spelke 1994) and has been recently adapted for use Wwithd orientation and gaze direction. They have also
non-human primates (Hauser 1998; Hauser et al. 1986monstrated that stump-tail macaqudfadaca arc-
Santos 1997; Uller 1997). The basic premise of the ¢side9 are able to recognize when faces are looking at
pectancy violation paradigm is similar to that of a magikem using eye gaze direction independent of head ori-
trick (Spelke 1985; see Hauser and Carey 1998 for a mengation (Perrett and Mistlin 1990; Perrett et al. 1985; re-
complete description). In this paradigm, subjects ariewed in Hauser 1996).
shown an “unexpected” event which violates principles of Another line of investigation indicates that at least
the physical or psychological world. If subjects detect tseme species of non-human primate are able to follow the
violations, they are expected to look longer at the unedirection of another individual’'s gaze and head orientation
pected event than at a control event. As such, duratiortcfin object in the environment. Itakura (1996) investi-
looking can be used as a measure of knowledge (gated the spontaneous gaze following behavior of 11 pri-
Baillargeon 1994; Spelke 1994). mate species — lemursgmur fulvus, L. macagosquirrel

A. T. Phillips and her colleagues (Spelke et al. 199&jonkeys $aimiri sciureul capuchinsCebus capucinus,
habituated infants to a scene with two toys sitting onCa apelld, macaquesMacaca mulatta, M. arctoides, M.
table in front of an actor whose gaze was fixed on onengfmestrina, M. tonkeahaorangutansRongo pygmaeis
the two objects. After staring for a few seconds, the actord chimpanzeesPén troglodytes — using a method
then reached for this object. Following familiarization, tr@dmewhat similar to the one used by Butterworth and his
infants were presented with one of two test conditions.dalleagues to test human infants (Butterworth 1991, 1995).
one condition, considered “expected” from an adult pén this method, a human experimenter approaches a sub-
spective, the actor gazed at and then grabbed the newjedi’s cage and attempts to obtain eye contact. The exper-
ject. In the second, “unexpected” condition, the actionenter then points with his hand and turns both his head
gazed at the original object, but then grabbed the new abé his eyes towards one side. Itakura (1996)found that
ject. The expectation is generated on the basis of the while squirrel monkeys and lemurs showed a low percent-
servation that humans tend to act upon those objects pige of head turning towards the side to which the experi-
viously attended to. Results demonstrated that 12-montienter was orienting (approximately 25%), all other
old infants, but not 8-month-olds, looked longer at the uspecies showed rather high percentages of gaze following
expected test event. A. T. Phillips and colleagues siapproximately 50% in macaques and capuchins, 70% in
gested that by 12 months of age, young infants are ablehliompanzees, and 100% in orangutans). These results
correctly predict an actor’s future intentions based on theggest that several species are able to use a combination
direction of gaze. of pointing, head orientation, and eye gaze to determine

Although much is known about the developing childiwhere a person is attending. In addition, Tomasello et al.
capacity to use visual attention as a behavioral predic{@998) found that five primate species — chimpanzees,
comparatively little is known about this capacity in otheooty mangabeysCercocebus atys torquadysand rhe-
primate species (Cheney and Seyfarth 1990; Gomez 1985, stumptail, and pigtail macaquit (ulatta, M. arc-
Heyes 1998; Povinelli and Eddy 1996a, 1996b; Tomaseibides, M. nemestrina- are able follow the direction of a
and Call 1997). There is evidence that, like human itenspecifics gaze using a combination of head orientation
fants, several non-human primate species attend to d@hd eye direction. Similarly, Emery et al. (1997) found
eyes when observing the behavior of other individuateat when they are viewing videotapes of conspecifics,
Adaptations for recognizing eye-like stimuli can be fountiesus macaques are able to use a combination of head
throughout the animal kingdom and have clearly beenentation and gaze direction to orient their attention to a
demonstrated throughout the primate order (Baron-Colsgecific object or location. Lastly, Povinelli and Eddy
1995b; Keating and Keating 1982; Kyes and Candla(i®96b) found that chimpanzees are able to use eye gaze
1987; Redican 1975). Keating and Keating (1982), for eddone to monitor where a human observer is looking.
ample, illustrated that while viewing faces of conFhey found that in addition to following the gaze of a hu-
specifics, humans, and other primates, rhesus monkean actor to a desired location, chimpanzees are also able
(Macaca mulatta selectively attend to the eyes over atb use gaze information to track objects in areas outside
other features of the face. their visual field, a more complex cognitive ability that

There is also evidence to suggest that some speciesndy develops at 12 months of age in humans (Butterworth
non-human primate attend to the direction of another 895).
dividual's gaze (Call et al. 1998; Itakura 1996; McNelis In addition to evidence suggesting that several pri-
and Boatright-Horowitz 1998; Mendelson et al. 1982). mate species can follow the direction of another individ-
most monkey species, staring directly into the eyesual’s gaze, there is evidence that at least some species are
recognized as threatening (see Redican 1975). Menadélle to use human gaze as a cue in an object-choice task.
son et al. (1982) demonstrated that by 3 weeks of age)ima typical object-choice task, the location of a hidden
fant rhesus macaques avert their eyes from a staring féoed object is indicated by the orientational cues given
but maintain eye contact with faces looking away. In aoy a human experimenter (e.g., pointing or gazing at the
dition, neurophysiological research by Perrett et abrrect choice). Chimpanzees and at least one orangutan
(1985, 1992) has demonstrated that areas of the macdwwe been shown to use human gaze plus pointing and
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even gaze without head orientation to find hidden foddection. For example, can tamarins judge where an indi-
rewards (Call et al. 1998; Itakura and Tanaka 1998). Thidual is looking on the basis of eye direction alone or do
capacity to use gaze alone as a cue, however, seems thdyeneed a combination of head orientation and eye di-
less prominent across the monkey species that have bieetion? To answer this, we tested tamarins in two differ-
investigated. J. R. Anderson and his colleagues (Aamt attention conditions: an “eyes-only” condition, in which
derson et al. 1995, 1996) found that although capuchihe actor oriented towards the test object with only her
and rhesus macaques were able to use pointing to eges, and a “head-and-eyes” condition, in which the actor
rectly identify the correct location, gaze and head oriarriented towards the test object with both her head/body
tation without pointing was not a sufficient cue. More rg@osition and her eyes. We reasoned that if tamarins are
cent evidence, however, suggests that at least oneat#e to use the eyes alone to determine the direction of vi-
puchin could eventually be trained to succeed in the taslal attention, then they should look longer at the unex-
using all cues except gaze alone (Iltakura and Andergpected gaze-action test trial in both the head-and-eyes
1996). condition and the eyes-only condition. However, if tamarins
Although some ape species have been shown to use¢ggire a combination of head orientation and gaze direc-
gaze of an experimenter as a cue in an object choice téiek, to determine where an individual is attending, then
chimpanzees demonstrate striking failures to use vistl@y should look longer at the unexpected-test trial in the
attention in a slightly modifed task. Povinelli and Eddyead-and-eyes condition, but show no difference in look-
(1996a) allowed chimpanzees to use a begging gesturm¢ptime in the eyes-only condition.
receive a food reward from a human researcher. They then
set up experimental situations in which the subject was
faced with a choice between two human observers fr
whom to beg. In most situations, the human observers Mgthods
fered in the way their eyes were oriented to the subjgc

(e.g., facing or not facing subject, wearing a bucket oveU'r%J(aCtS

head, holding hands over eyes). Thus, f[he chimpanzeggjects were 16 cotton-top tamarins (Table 1). Cotton-top tamarins
task was to request food from the experimenter who ws an arboreal New World monkey species native to the
actually attending to them. The researchers found tRgtombian rainforests. Individual subjects were born at the New
chimpanzees were unable to perform this task. The sfpoland Regional Primate Research Center and have been housed

. d K distincti b IN.a single homeroom at Harvard University for the past 5 years.
Jects seemed to make no distinction between expfkst subjects have previously been run in similar experiments

menters who were looking at them and experiment@fsuser 1998; Hauser and Carey 1998; Santos 1997; Uller 1997).
who were not attending to them. These failures were &®ch subject was tested in two sessions: a “*head + eyes” (HE) ses-

terpreted to mean that the chimpanzees failed to undéf? and an “eyes-only” (EO) session. Ten subjects received the

. . session first while the remaining six subjects received the EO
stand that visual attention leads to knowledge. session first; the EO session for subject DD and the HE session for

At present, then, it appears that many non-human giibject NC could not be used due to subject inattention and/or ex-
mate species are able to detect differences in the digetimental error. The mean number of days between sessions was
tion of gaze and some are even able to use visual atié@r{range 1-20 days). In both the HE and EO session, subjects re-
tion as a cue during some object-choice tasks. It is ﬁgﬁ/ed three familiarization trials and two test trials.
yet clear, however, whether such species are capabl
using the direction of an individual’'s gaze to predict th
individual’s future actions. In this study, we investigate

whether or not cotton-top tamarinSaguinus oedipus

Table 1 Characteristics of individual subjectd (nale,F female,
EO eyes onlyHE head + eyes)

oedipu$ are able to use direction of gaze to predict a FSubject Sex Previous experience in other Order
man agent’s behavior using an expectancy violation p, expectancy violation studies?
adigm similar to that used by A. T. Phillips and her ccac M Yes EO
leagues (Spelke et al. 1995). Specifically, we askpp M Yes EO
whether tamarins make any predictions about peoplpp M Yes HE
future actions based on where they are looking. We rem F Yes HE
soned that if tamarins are able to use gaze directiores F Yes EO
predict which object an actor will act on, then, like 1iD M Yes HE
month-old infants, they should look longer at an actidG M No EO
that is inconsistent with the direction of gaze, then an JL M Yes HE
tion that is consistent. MR F Yes HE
We were also interested in which features tamarins INC M Yes HE
to determine the direction of an individual's visual attelRB F Yes EO
tion. In some of the studies cited above (ltakura 19RW M Yes HE
Tomasello et al. 1998) head position and eye direction SC F Yes HE
perfectly correlated. Thus, when subjects respond apgSH F No EO
priately to visual attention, it is difficult to tease apart tHSP 'LV' :es gg
es

relative contribution of head position as opposed to géVB
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Fig.1 Test apparatus and set- Experimenter
up. Subjectssat inside the vor-
textesting boon a platform

and could see out through the

transparent Plexiglas front

Objects

Apparatus der of test trial types was counterbalanced across subjects. Both of
these test trials ended with the actor reaching for the object oppo-
During testing, subjects were placed in a transparent testing bit& to the one grabbed during the familiarization trials. The ex-
(Fig.1). The box was made entirely of Plexiglas and measured pgeted-test trial (Fig. 2b) began when the screen was lowered to re-
proximately 45 cnx 40 cmx 60 cm. Subjects sat inside the transseal the actor seated in the chair and the two objects resting on the
parent triangular enclosure and were able to reach out throtajbie on either side of her. When the screen was lowered, the actor
a small opening in the front wall. A foamcore occluder (60xcmattempted to draw the subject’s attention by staring at it and call-
60 cm) was placed at the front of the box and could be raisedngr its name. Once the subject was attending, the actor abruptly
lowered by the experimenter to prevent the subjects from sedimgned head, body, and direction of gaze toward the objedtaddat
the experimental apparatus in between trials. Because of previooisbeen looked at during the familiarization (e.g., the pink ani-
experimentation, subjects are familiar with the box and sit quiethal). After 2 s of gazing, the actor reached with both hands and
and still inside the box for 30 min at a time. grabbed th@azed-at objectolding it at eye level for 10 s. During
A human experimenter dressed in a white lab coat (hereaftés 10-s period, looking at the display area was recorded. After
referred to as the “actor”) sat on a chair placed approximately 11fns, the screen was raised to occlude the subject’s view.
in front of the testing box. In front of the actor was a small table The unexpected-test trial (Fig.2c) began when the screen cov-
(approximately 0.75 nx 1.5 m). A videocamera was positionecering the subject’s view was removed to reveal the actor seated in
behind the actor and was aimed at the subject’s face to redbechair and the two objects resting on the table on either side of
looking time during the experiment. her. When the screen was lowered, the actor attempted to draw the
subject’s attention by staring at it and calling its name. Once the
subject was attending, the actor abruptly turned head, body, and di-

Procedure rection of gaze toward the object thetd been looked at during
the familiarization trials (e.g., the snake). After 2 s of gazing, the
Head + eyes session actor reached with both hands and grabbeddmegazed-adbject

(e.g., the pink animal), holding it at eye level for 10 s. During this
At the beginning of the HE session, subjects were taken from thigts period, looking at the display area was recorded. After 10 s,
homeroom and placed inside the testing box. Though they wereigéd-screen was raised to occlude the subject’s view.
lowed to see the actor sitting behind the table as they were placed
into the testing box, subjects were unable to see the two stimuli (a
plastic snake and a pink furry stuffed animal, both between 1Syes-only session
20 cm tall) when they first entered the testing room. After subjects
were placed inside the box, the opaque foam core screen coverimg apparatus of the EO session was the same as in the HE ses-
the testing box was raised to occlude the subject’s view. sion. The only difference was the use of two different stimuli: a
During the familiarization phase (Fig.2a), each subject rgray furry stuffed bird and a plastic green alien toy (approximately
ceived three identical trials. Each trial began when the screen ctv20 cm tall). As in the previous condition, these objects were
ering the subject’'s view was removed to reveal the actor seatedhasen because they were novel, salient, and rather different in ap-
the chair and the two objects resting on the table on either sidpedrance from those used in the HE session. During the familiar-
the actor (e.g., pink animal to the actor’s right, plastic snake to thation phase (Fig.3a), each subject received three identical trials.
actor’s left). When the screen was lowered, the actor attempte@&&ch trial began when the screen covering the subject’s view was
draw the subject’s attention by staring at it and calling its namemoved to reveal the actor seated in the chair and the two objects
Once the subject was attending to the display area, the aotsting on the table on either side of the actor (e.g., bird to the ac-
abruptly turned head, body, and direction of gaze toward one oftiwes right, alien to the actor’s left). When the screen was lowered,
two objects on the table (e.g., the snake). After 2 s of gazing, the actor attempted to draw the subject’s attention by staring at it
actor reached with both hands and grabbed the object, holding @rat calling its name. Once the subject was attending, the actor
eye level for 10 s. During this 10-s period, looking time wasbruptly turned onlyer eyesoward one of the two objects on the
recorded. After 10 s, the screen was raised to occlude the subjeabte (e.g., bird). To make the change in gaze as salient as possible,
view. The object (pink animal or snake) oriented to and its locatitthre actor kept her eyes opened widely. After 2 s of gazing, the ac-
(left or right) were counterbalanced across subjects. tor reached with both hands and grabbed the object, holding it at
Following the familiarization phase, each subject received twge level for 10 s. During this 10-s period, looking at the display
different test trials: one “expected” and one “unexpected”. The area was recorded. After 10 s, the screen was raised to occlude the
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Fig.2 aFamiliarization phase. IA, the actor gains the attention ofization phase (e.g., alien). After 2 s of staring, the actor reached
the subject by looking directly at him. She then turns her head avith both hands and grabbed th&zed-at objectholding it at eye
gaze towards one objed)(and then reaches abruptly for that oblevel for 10 s. During this 10-s period, looking at the display was
ject (C, D). b Expected test event. K the actor gains the attentionrecorded. After 10 s, the screen was raised to occlude the subject’s
of the subject by looking directly at him. She then turns her headdw.
and gaze towards the originally non-gazed at obca(d then The unexpected-test trial (Fig.3c) began when the screen cov-
reaches abruptly for that obje€)( c Unexpected test event. Ay  ering the subject’s view was removed to reveal the actor seated in
the actor gains the attention of the subject by looking directlythe chair and the two objects resting on the table on either side of
him. She then turns her head and gaze towards the object origirtadly When the screen was lowered, the actor attempted to draw the
gazed atB) and then reaches abruptly for the other obje¥t ( subject’s attention by staring at it and calling its name. Once the
subject was attending, the actor abruptly turned her eyes toward
the object that she had been looking at during the familiarization

e v . . : : . .g., bird). After 2 s of staring, the actor reached with both
subject’s view. The object (bird and alien) oriented to and its lo lase (e.g } AV h S
tion (left or right) were counterbalanced across subjects. (%;nds and grabbed then-gazed-abbject (e.g., alien), holding it

: f : . : level for 10 s. During this 10-s period, looking at the display
As in the HE session, each subject received two different £ye X
trials during the EO session: the expected-test trial and the u%ﬁ recorded. After 10 s, the screen was then raised to occlude the

pected-test trial. The order of the test trial types was counter bject's view.

anced across subjects. Both of these test trials ended with the actor

reaching to the object that she had not reached for in the familiar- o

ization trials. The expected-test trial (Fig.3b) began when tRgoring looking time

screen covering the subject’s view was lowered to reveal the actor

seated in the chair and the two objects resting on the table on eifther videocamera recording subjects’ looking was set up so that the
side of her. When the screen was lowered, the actor attemptesiutgject was in view of the videocamera whereas the experimental
draw the subject’s attention by staring at it and calling its nana@paratus was out of sight. Videotapes could therefore be scored
Once the subject was attending, the actor abruptly turned her dyesoders blind to the experimental condition. Videotapes were
toward the object thdtad notbeen looked at during the familiar-recorded onto a Macintosh using a Radius Video Vision digitizing
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Fig.3 aFamiliarization phase. IA, the actor gains the attentionrelation between these two observers was0.98 (i = 10 trials).
of the subject by looking directly at him. She then turns only helooking” was operatively defined as a period of 5 frames or

gaze towards one objed@)(and then reaches abruptly for th@}.( longer during which the subject’s head was oriented towards the
b. Expected test event. I, the actor gains the attention of thector or the objects in the display.

subject by looking directly at him. She then turns only her gaze to-

wards the originally non-gazed at obje&) (and then reaches

abruptly for that objectQ). ¢ Unexpected test event. K the ac-

tor gains the attention of the subject by looking directly at him. SResults

then turns only her gaze towards the originally gazed at olggct ’(__ ) .

and then reaches abruptly for the other objépt ( igure 4 shows the mean amount of looking time across
familiarization and test trials for each conditiont-fest

board, and were analyzed with Adobe Premiere 4.0 software. tween the first and last familiarization trial revealed that

experimenters coded subject looking during each frame (30 frarfii®jects habituated in the Heg f = 5.55,P = 0.0001) and
=1 s) of the 10-s looking period that followed each trial. The cdeO conditions ;4 = 2.28,P = 0.04).

Fig.4 Mean looking time 130 130
across conditions for head + Head and Eves Conditi Eves Only Conditi
eyes (HE) session and eyes- 120 ead and Eyes Condition 1 yes Only Condition L 100
only (EO) session in frames
+ m o
(error barsrepresent = 1 SEM) 2 410 4 1 L 110 &
£ IS
. ©
£ 100 T F100 &
S Unexpected g’
S 907 L7 - 90 &
o o
- 1 —
5 80 1 Expected l - 80 ‘S
c | c
2 ] Unexpected 2
S 70 A Expected T P 70 €
> )
a a
60 T - 80
50 50

Habituation Tests Habituation Tests
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Looking-time scores for the test trials were enteraining the direction of a human’s attention. Because eye
into an ANOVA with condition (HE/EO) and test ordegaze alone is not sufficient, subjects in the EO condition
(expected 1st/expected 2nd) as between session fad@itso generate an appropriate prediction based on where
and test trial type (expected/unexpected) as a within sbe actor was looking, and fail to show a difference in
sion factor. There was no main effect of conditibp 45)= looking time based on what the actor’s next response
0.03,P = 0.87) or test orderF(, ,5 = 0.46,P = 0.50). might be.

There was, however, a main effect of test trial type. Results suggest that tamarins are capable of using a
Subjects in both conditions tended to look longer at tbembination of head orientation and eye gaze to predict
unexpected-test trial (mean = 88 frames) than the #&xe future actions of a human experimenter. This capacity
pected-test trial (mean = 77 framés; ,5) = 4.16,P = stands in contrast to other species’ apparent failures to use
0.05). In addition, there was an interaction between teshilar attentional cues in other paradigms (Povinelli and
order and test trial typeF( .5 = 13.3, P = 0.001). Eddy 1996a; Anderson et al. 1995, 1996). There are two
Subjects in both conditions looked significantly longer abtential reasons for this difference. The first is that un-
the first test trial they saw. like previous experiments, our task did not require sub-

Most importantly, there was an interaction of conditigects to choose between two outcomes to obtain a food re-
and test trial typeH(; ,5= 6.27,P = 0.02). Although sub- ward. Previous experiments with this tamarin population
jects in the HE condition looked longer at the Unesuggest that subjects appear to demonstrate knowledge in
pected-test trial (98 frames) than the Expected test teapectancy violation experiments that they fail to reveal
(70 frames), subjects in the EO condition showed no difhen tested in a food choice paradigm (M. D. Hauser and
ference in looking across expected (84 frames) and unéxWilliams, unpublished work; Santos 1997). The other
pected-test trials (79 frames, see Fig.4). This result veifference between our task and previous experiments is
also demonstrated using non-parametric tests as wbkt our task required subjects to use visual attention to in-
During the HE condition, 10 out of 15 subjects lookedrpret behavior, not mental states. In this sense, our task
longer at the unexpected-test trial (Wilcoxon sign rawliffers from the experiments of Povinelli and Eddy
test:Z = 2.27,P = 0.02). In contrast, during the EO con{1996a) which do require subjects to infer mental states
dition, only 6 out of 15 subjects looked longer at the ufiom the direction of an individual's attention.
expected-test trialZ(= 0.80,P = 0.43). Although tamarins are capable of using visual attention
to predict a human actor’s future behavior, eye gaze alone
represents an insufficient cue for such predictions. Instead,
it seems that the tamarins use information about head ori-
entation and body posture to make these predictions. This
interpretation makes some sense considering the differ-
In both conditions, subjects demonstrated reliable habignces in anatomy between humans and cotton-top tamarins.
ation over the course of the first few familiarization trial$ is somewhat difficult (at least from the perspective of a
This suggests that subjects were familiar with the appafi@man observer) to tell the direction of a tamarin’s gaze
tus and set-up. In addition, in both conditions, subjegislely from the direction of its eyes, since the tamarin
looked significantly longer at the first test outcome. Thiglera is not white, like a human’s, but gray. It may there-
preference makes sense because the initial test trial isfthe be hard for tamarins to detect the gaze direction of
first time that subjects see the actor grab the new objegbnspecifics and thus to use this cue to predict the future

During the HE condition, subjects did in fact lookctions of other tamarins. If this is correct, it suggests that
longer at the unexpected-test trial than the expected-tastamarins there may have been no selective pressure on
trial, suggesting that witnessing the actor grab an obj&w ability to detect differences in the direction of visual
towards which she had not previously oriented was unextention using the eyes alone. Nonetheless, there may
pected. This result raises two points. First, it suggests thale been selective pressure on the capacity to use other
during the HE condition, subjects are making a predictigiore prominent features to detect the direction of conspe-
about which object the actor will grab based on where sjific visual attention (e.g., their large species-typical
is orienting. Second, it suggests that this prediction canviasite tuft of hair). Consequently, if tamarins have evolved
made on the basis of head orientation and eye gaze algi capacity to use head orientation and body posture to
In other words, subjects are able to use a combinatiorp@édict the action of conspecifics, these are the same fea-
head orientation and eye gaze to determine which objeglir@s that tamarins use when detecting the direction of a
human agent will grab. human’s attention.

In contrast to the HE condition, subjects in the EO con- If our interpretation of the tamarins’ behavior is cor-
dition showed no reliable difference in looking time fofect, then several corollary predictions emerge. For ex-
the expected and unexpected conditions. This result inglinple, species whose facial anatomy allows gaze to be
cates that they find both EO test outcomes equally like3fi effective cue are more likely to use gaze alone as a
when the actor grabs an object other than the one f&hure for determining the direction of another individ-
looked at, it is apparently consistent with their expecigal’s attention. Future work might profitably focus on
tions. One possible explanation for this finding is that fefie relationship between physiognomy, ecology, and so-
tamarins, eye gaze alone is not a sufficient cue for detged behavior.

Discussion
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A limitation of the present findings is that tamarinEmery NJ, Lorincz EN, Perrett DI, Oram MW, Baker CI (1997)
were required to discern the gaze and behavior of a humaf$@ze following and joint attention in rhesus monkeyadaca

Lo mulattg. J Comp Psychol 111:286-293
actor, rather than a conspecific. It may be that althou@@mez JC (1991) Visual behavior as a window for reading the

tamarins are unable to discern the target of human gazenind of others in primates. In: Whiten A (ed) Natural theories
from the eyes alone, that such a capacity is fully func-of mind: evolution, development, and simulation of everyday
tional when another tamarin’s attention must be assesse#ind reading. Blackwell, Oxford, pp 195-207

; ser MD (1996) The evolution of communication. MIT Press,
on the basis of the eyes alone. As such, we are left w ambridge

the possibility that tamarins will succeed in the eyes-aloggyser MD (1998) Expectations about object motion and destina-
condition of this experiment if tested with a conspecific tion: experiments with a non-human primate. Dev Sci 1:31-38
actor. Nonetheless, these findings suggest that tamaHagser MD, Carey S (1998) Building a cognitive creature from a
use a combination of head orientation and gaze directiorf®! of primitives: evolutionary and developmental insights.

. - - n:Cummins D, Allen C (eds) The evolution of mind. Oxford
to p_redlct the future be_hawor of a human agent. This Ca-yniversity Press, Oxford, pp 51-106
pacity parallels the achievements of 12-month-old hum@guser MD, Macneilage P, Ware M (1996) Numerical representa-
infants. tions in primates. Proc Natl Acad Sci 93:1514-1517

Heyes CM (1998) Theory of mind in nonhuman primates. Behav
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