Vick & Anderson Cue-reading by olive baboons in a competitive task

S-J. Vick & J. R. Anderson (2003) The use of visuarientation cues in a competitive task by olive

baboons Papio anubis). Journal of Comparative Psychology 117: 209-216

This study was conducted at the CNRS Station dedologie, Rousset-sur-Arc, France. We
thank Dr. Guy Dubreuil and the technicians for tlasisistance and hospitality, and Carole

Bredard and Romain Barot for help with testing.

Correspondence concerning this article should bdeezded to Sarah-Jane Vick, Department of
Psychology, University of Stirling, Stirling, FKLA, Scotland. E-Mail; sarah-

jane.vick@stir.ac.uk

Abstract

The ability of four olive baboons (Papio anylis use human gaze cues during a competitivewask
investigated; the baboons were allowed to remoWetbe non-fixated one of two simultaneously
presented food items. Three baboons successfallgdd to exploit the human’s head orientation as a
cue to obtain a food item, and one individual #soned to use eye direction alone. As the babdmhs
not receive prior training with gross gestural gubsir performance suggests that the competitive
paradigm may be more conducive to gaze monitoningophhuman primates than the standard object-
choice paradigm. However, the baboons were inse@s$d whether the experimenter could actually
perceive the food item and therefore use of visuahtation cues may not be indicative of visual
perspective-taking abilities in baboons. Perforneamas disrupted by the introduction of a screen and

objects to conceal the food items, and to a ledsgree by the absence of movement in cues presented
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Introduction

Research has shown that animals are sensitivemamwisual attention, in as much as behavioral
phenomena such as tonic immobility (Gallup, 19#gyry feigning (Ristau, 1998) and flight responses
(Hampton, 1994) are influenced by whether or ne¢arby human is looking at the animal. However,
studies on animals’ abilities to co-orient and exphon-self-directed gaze have been limited teva f
species: primarily primates, but also domestic dogshorses (Anderson, Sallaberry & Barbier, 1995;
Call, Hare & Tomasello, 1998; Itakura, 1996; Mckinl& Sambrook, 2000; Miklosi, Polgardi, Topal &
Csanyi, 1998; Povinelli & Eddy, 1996a).

Within this domain, the study of primates’ abilgigo monitor and exploit the gaze information of
others is almost exclusively restricted to two ekpental paradigms: visual co-orientation and objec
choice tasks. These paradigms have produced diverggults. Visual co-orientation with humans or
conspecifics has been demonstrated in great aplesearral species of monkeys. Thus, nonhuman
primates are sensitive to variations in both heatleye orientation in terms of visually inspecting
locations congruent with another's gaze (Andersdihell, 1999; Call, Hare & Tomasello, 1998;
Emery et al, 1997; Ferrari et al, 2000; Itakure@@;9orincz, Baker & Perrett, 1999; Povinelli & Bdd
1996b; Tomasello, Hare & Fogleman, 2001). Co-omgnivith another individual’s line of regard is
undoubtedly advantageous for social animals sugmiamtes; important information regarding
predators, food sources and social events, for pleamay be acquired through a simple gaze
following mechanism (Kummer, 1967). Indeed, thikdgoral mechanism is represented at the
neurophysiological level with cells in the supeti@mporal sulcus and amagdyla specialized for
processing information concerning gaze (Perrel, di985; Campbell et al, 1990; Emery, 2000).

The second main experimental paradigm, the objeaice task, has revealed some limitations of
gaze following by primates. This task requiresghbject to use experimenter-given cues, such as
pointing or looking, to locate a hidden food item uinder or behind one of two objects presented. A
distinction has been made between a tendency twient so that both individuals are oriented in the
same direction, thereby increasing the likelihobdiscovering a common object, and an ability to
accurately focus on the object of another’s gazg (eint attention; Moore & Dunham, 1995).
Ostensibly, the object-choice task could be soly&dg simple co-orientation as looking where the
experimenter looks should heighten the probahilitghoosing the first object encountered and
retrieving the food item. This does not seem tdhigemechanism invoked by the object-choice task;
despite their ability to track gaze, primates otbawe serious difficulties in mastering the objelobice

task.
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Although some great apes and monkeys tested ontatheice are able to use experimenter-given
cues up to and including eye direction alone (ltal& Tanaka, 1998; Vick & Anderson, 2000), there
are complicating factors, including the identitytbé cue-giver (Itakura et al, 1999; Vick & Andenso
2000) and the extent of early social experiench Witmans (Call et al, 1998; Itakura & Tanaka, 1998;
Peignot & Anderson, 1999; Povinelli et al, 199@)abdition, Call et al (1998) suggested that tipe ty
of object used to conceal food items may influgmedormance and that the experimenter should
actually be able to perceive the food item whileing. However, during an object-choice task,
chimpanzees’ choices of object were relatively ms#téve as to whether the experimenter was
accurately oriented towards an object, let alomegeng the food item (although they did visuatky-
oriented with an experimenter looking above thetaiorer; Povinelli et al, 1999; but see Tomasello et
al, 1999, for more sophisticated performance withgaze following paradigm). Moreover, for
monkeys, explicit training in object-choice gaz@lekation may be required; monkeys are usually
given prior experience with manual gestures sugtoaging before they master gaze orientation as a
cue (Anderson, Sallaberry & Barbier, 1995; Anderddantant & Schmitt, 1996; Itakura and Anderson,
1996; Vick & Anderson, 2000).

It is conceivable that the apparent difficulty witie object-choice task is due to the fact thes it
based on co-operation between the experimentes@njdct; primates (or at least those with limited
human contact) may be less likely to demonstrage faze monitoring abilities in such a contextl{Ca
et al, 2000). That is not to say that nonhuman at@s fail to see human experimenters as interagtant
they readily respond to human eye contact with ggmpaite behavioral responses (Exline & Yellin,
1969; Kummer, Anzenberger & Hemelrijk, 1996; ThomsE974). However, the object-choice task
may neglect an important point: for nonhuman presaaccess to resources is usually more a matter of
competition than co-operation (Byrne & Whiten, 1988ussi-Korbel, 1994; Dawkins & Krebs, 1978;
Pelaez, Gil-Burmann & Sanchez, 2000; Schaub, 2006yved from this perspective, the interaction
with a human experimenter sitting behind (and eiifety controlling access to) food is intrinsicatly
competitive one (Hare, 2001; Ristau, 1998)

Thus, an alternative way to study gaze monitorggpiadopt a competitive approach. Kummer
et al (1996) investigated long-tailed macaques’afsgsual perspective-taking in order to conceal
themselves from a human experimenter and gain stcesdesired resource; the monkeys failed to
engage in effective hiding behaviors (and henceahsnate effective gaze monitoring). Nevertheless,
nonhuman primates may display their abilities totay the visual orientation of others more readily
other situations characterised by competition ogsources, as suggested in reports of tacticalptiece
(Byrne & Whiten, 1988), and in patterns of sociamtoring (Blois-Heulin & Girona, 1999) and
behavior (Hare et al, 2000; Hare, Call & Tomaseli@)1) during food competition. As Hare (2001, p



Vick & Anderson Cue-reading by olive baboons in a competitive task

721) states: ‘the lives of all primates are donmedaby intense competition with conspecifics. All
environments have finite supplies of resources brchvsurvival and reproduction are dependent.... In
species as diverse as ring-tailed lemurs, squitcgikeys, and chimpanzees the majority of the day is
spent in the company of one’s most intense congostitonspecifics.’

The present study was derived from the object-&approach, but the task was modified to
become competitive rather than co-operative. Instédoeing required to follow the experimenter's
gaze in order to locate and select a baited olijgethaboons needed to monitor the experimenter's
visual orientation in order to take the one of wisible food items presented that the experimenss
notlooking at. Note that this also means that the tagkd not be performed on the basis of simple gaze
following as this would lead to an incorrect resp@nAs this experiment aimed to improve
approximation of naturalistic competition over fodide baboons were not explicitly trained to manito
the experimenter’'s gestures as in previous objecice studies with monkeys, instead they were simpl
presented with gaze: head and/or eye orientatiqgerefious study presented baboons with these same
cues in a standard object-choice task without aaffalding with manual cues (Vick, Bovet &
Anderson, 2001). The baboons did not exploit eittezrd or eye gaze, although one baboon showed
signs of learning to respond to head directionramfmrmation source after several hundred triataus,
the present study allows a within-species comparsothe two tasks; will a competitive context be

more conducive to using another’s gaze?

Methods
Subjects
The monkeys were four adult olive baboons: twoigadiorn males, Sylvestre (18 years old), and
Balthazar (15 years old), and two females, Idge@s old) and Green (7 years old, wild born). The
baboons were housed in 2 groups (one with 9 menalmershe other with 7 members) in indoor/outdoor
quarters (35 m2 each) at the CNRS Station de Pologie in Rousset-sur-arc, France. All the baboons
except Green had previously been tested on a gatation task (Bovet & Vauclair, 1998). Balthazar
and Ida had been tested on the object-choice taskahths before the present study commenced
(neither had performed at above-chance levels; \Bdvet & Anderson, 2001). They received their
daily food ration (fruit, dried pellets and vegdes) at the end of daily training and testing. 8tad
food items (pieces of fruit) and treats (nuts,insiscereals) were used during test sessions.

Apparatus
The apparatus consisted of a wooden tray (60cntrmf@hich rested upon a table (50cm x 30cm x

40cm). The tray’s midline was marked from fronbtick and a small square (2cm x 2cm and 10cm in
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from the front and side of the tray) was markeckiner side of the midline. A chronometer was used
signal 5-second intervals.

Procedure

The tray was placed about 50cm away from the eatdence for baiting. The experimenter (SJV) sat
in a neutral posture behind the tray, and whilatfixg on the centre of the tray, placed a food item

each of the two squares simultaneously (the faadstwere the same type and size within each trial).
The experimenter's head and eyes were approxint@ety from the food items. The experimenter then
presented the cue condition for 5-seconds and thamtaining the cue, pushed the tray against the
mesh wall of the enclosure to allow the baboorespond.

Baboons were tested in the presence of other gramupbers, although any individuals of higher
dominance rank being restricted to the indoor drgang the testing sessions. Each baboon was
presented with 30-trial sessions with a baselissiea preceding each block of five cue-condition
sessions. For baseline sessions, the experimenteed down at the midline at the near-side of thg, t
while for cue conditions she oriented head andyeséowards one of the food items. The ‘correcési
was the side that the experimenter weisoriented and/or looking towards. The baboons neded by
reaching towards one of the food items. If theyxheal towards the non-fixated side they were
permitted to take the food item and consume it. e\, if they reached for the side that was orente
towards, the tray was quickly pulled away so thai/tcould not take the food item and the experigrent
then pretended to consume the food item.

The inter-trial interval was approximately 30 set®rBoth sides were oriented towards an equal
number of times, with the constraint that no mbmntthree consecutive trials were allowed in which
the cue was presented to the same side. Two balboomsenced with a head and eye cue condition
(Balthazar and Ida) while the other two (Sylvesine Green) were first presented with eye gaze alone
as the cue. Each baboon continued in a given dgondintil they reached a ‘mastery’ criterion of 80%
correct for two consecutive sessions within a Sis@sblock (which they then completed) or untilythe
had completed 25 sessions; the baboons were tesarged with the alternative cue condition. One to

three sessions were conducted daily with a mininnfidb minutes interval between sessions.
Results and Discussion
Individual performances are illustrated in Figutesb and 2a-b. The baboons reached for one of the

two food items on every trial, showing their fulirficipation in the competition for food. Perforncan

was tested against chance response levels usiogiahtests. Only one baboon (lda) reached the
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mastery criterion of 80% correct in the first cwadition presented; in the head and eyes condstien
was above chance performance in four of the fii@alrsessions, g 0.05, and at 80% or above for all
of sessions 6-10, all £ 0.01 (see Figure la). Balthazar, presentedtivétsame cue condition,
performed consistently above chance (with the exmef one session) from session 11 onwards, p
0.05, but he failed to meet the mastery criterib8086 correct (see Figure 1a). In contrast, bothesiis
presented with eye direction alone as a cue wechaatice levels throughout the 25 sessions (with the
exceptions of one cue and one baseline sessi@yfeestre, see Figure 2b).

In their second conditions two of the four babomrached mastery criterion. Ida successfully
mastered the eye direction only condition aftesé&4sions (see Figure 2a), while Green reached
criterion in the head and eye orientation condiafter 7 sessions, though she performed signifigant
better than chance from session 3 onwarasP®5 (with the exception of session 6, see Eidun).
Balthazar and Sylvestre failed to reach criteriothie eye direction only and head and eyes orientat
condition, respectively. Although Sylvestre didfpem at above chance levels<®.05, in eight out of
ten sessions from session 6 onwards, he did nottanaia consistent level of performance thereafter
(see Figure 1b). These results establish thatdhwetitive approach is an appropriate method for
assessing gaze monitoring; this is the first ewdesf baboons demonstrating an ability to mastee ga
cues in a problem-solving interaction.

Immediately following initial testing the performaaof three of the baboons was further
explored. Supplementary testing with Sylvestre aéaek that he was able to master a point and gaze
(head and eyes) cue condition, avoiding the indat&od item with significant regularity from the
second session,90.05, and reaching an 80% avoidance level bsi@ed. Thus, Sylvestre’s
previously poor performance was not attributabla tack of motivation. As he reached mastery
criterion with pointing as a cue, he was again gme=d with only the experimenter’'s head and eyes
oriented towards the food item (10 sessions), lupérformance immediately fell to chance levels
(mean 60.3% correct); even after 300 trials he uvedble to respond on the basis of head and eye
orientation.

As Green had mastered the head and eye cue canditie was again presented with an eyes
only cue in order to exclude order effects as giaaation for her superior performance in the farme
condition. After 25 sessions (750 trials) she reradiat chance levels (mean 55.9% correct).

To summarize: one baboon mastered both the eyetidmealone and head and eye orientation
cues, one mastered head orientation but not egetain and two failed to reach mastery criteriorels
of performance in both conditions, although onéheke did perform consistently above chance levels
when presented with head and eye orientation ag.a3ombined head and eye orientation appears to

be a more effective cue than eye direction alome;ldaboons reached the mastery criterion and @ thir
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performed consistently above chance when headtatien was a component of the cue, while only one
baboon mastered the eyes only cue condition. Merea@though Ida mastered both conditions, she did
so more rapidly in the head and eyes orientatiowlition (in session 6 compared to session 12 fer ey
direction alone). A second baboon (Green) was @n@bmaster the eye gaze cue only, even after
receiving a total of 1500 trials. These resultsvesge with other evidence that monkeys more readily
use head direction than eye direction alone asrerpeter-given cues in object-choice tasks (Anderso
Sallaberry & Barbier, 1996; Itakura & Anderson, 69¥ick & Anderson, 2000) and perhaps also
within a broader gaze following paradigm (Ferrarale 2000; Vick & Anderson, in prep).

The results of this experiment demonstrate thaeddaboons are able to learn to use the gaze
cues of a human experimenter without requiringrdraining with more explicit gestural cues. While
this could suggest that baboons are more adragaaling gaze than other species, for which manual
cues appear to be facilitating (Itakura & Andersb®96), this seems an unlikely explanation. A
previous object-choice study with olive baboonsichtdid not incorporate scaffolding in the form of
manual cues, resulted in only one of four baboeaming to use (but not master) an experimenter-
given cue (head orientation) after 700 trials (ViBbvet & Anderson, 2001).

Study 2
Introduction

Given that three of four baboons demonstrated dityatb use head and eye orientation as cue imlytu
1 (two meeting the mastery criterion of 80% antiadtperforming consistently above chance levels),
we set out to further explore this ability. Thestimanipulation concerned the role of motion inchea
orientation as a cue. Object-choice tasks haveajlpipresented static gaze cues (Anderson, Mogtant
Schmitt, 1996; Anderson, Sallaberry & Barbier, 19%&kura & Anderson 1996) and it could be that the
presence of movement facilitated the exploitatibougs in the competitive situation used in Study 1
Call et al (2000) have proposed that motion mayaané performance by acting both as an ‘attention
getter’, emphasizing the experimenter’s actionsf@odiding directionality. However, the addition of
movement to head and/or eye orientation cues whgtt-choice task with chimpanzees did not
improve performance (Povinelli, BierschwaleC&ch 1999; but see Povinelli & Eddy, 1996b, for
contrasting evidence using a trainer-choice tashis, it remains unclear whether motion facilitates
reading of visual orientation cues.

The second manipulation attempted to determindabeons’ level of understanding of looking
behavior; although only one baboon used eye dme@xkplicitly, was there any evidence of a more
implicit influence of the eyes (Moore, 1999) andoalhow accurate were the baboons in discerning the

focus of gaze? While all but one of the baboonsweable to compete effectively on the basis of eye
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gaze direction alone, it may be that the baboonddvoe sensitive to a grosser cue concerning tiee ro
of eyes in visual orientation, that is, whethenot the eyes were open or closed (Corkum & Moore
1995; Povinelli and Eddy 1996b). In terms of actoals of gaze, it has been proposed that a ‘high
level’ understanding of gaze predicts that subjsktauld respond differentially according to whether
experimenter is looking at or above an object.cdlevel’ model, based on more general co-orienting
responses to grosser behavioral indices, woulgmatict such accuracy in identifying the target of
another’s gaze (Povinelli, Bierscwale(@ch 1999).

The final manipulation was included to identify pitide sources of monkeys’ difficulty with the
typical object-choice task. Is competition more awacive to cue-reading or is the difficulty in objec
choice at least partially due to other featurethefprocedure? For example, might the use of abject
and a screen somehow distract the baboons fromaskeof monitoring experimenter-given cues? There
are several ways in which the introduction of soraed objects could change the task for the baboons
For example, concealing the food items might dliermotivational salience of the situation (Boygen
Bernston, 1985). In addition, it has long been kndlat introducing a screen during delays dimirgshe
performance on delayed-response tasks (Fletchén)1®@ screen and objects might simply increase

the complexity of the task and distract from cuadiag.

Methods
Subjects and Apparatus
Three of the baboons tested in Study 1 were teB@thazar, Green and Ida. The basic apparatus was
the same as that used in Study 1. Additional iteiex®e: a cardboard screen (100 x 80cm) and two
identical yellow plastic cups (6cm diameter x 6cighi.

Procedure

Four consecutive sessions were conducted with efdtie three new manipulations (Movement, Cue
and Objects), with baseline sessions separating&abese blocks. In all sessions, subjects were
presented with ten trials of the previously mastdread and eye condition, pseudo-randomly mixed
with ten each of two new trial types; that is, therere 30 trials a session with the three experiaien
conditions presented in a randomised order.

In the Movement sessions, in addition to standaedtdals the baboons were presented with a
static cue: following the usual baiting procedwdand-held screen (100cm x 80cm) was interposed
between the experimenter and the baboon to cotfteahovement of the experimenter's head or eyes
towards one of the items, the screen was then redchand the trial proceeded as previously. To cbntro

for any effects of simple introduction of the sarea third trial type (movement and screen) was
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included which incorporated the screen as abovéheuexperimenter did not move her head or eyes
until after the screen was removed, producing rdsta trial in which the screen was irrelevant.

In the Cue sessions, two novel types of trial weesented; an eyes closed condition, with the
head oriented as in control trials but with thesegi@sed before the head was turned, and a ‘general
direction’ condition in which the experimenter aried her head and eyes to the side but upwardsit(abo
30 degrees from the neutral head position) instéadwn towards the food item. As the experimenter
was not looking at the food item in either of thesev trial types, she maintained the cue positoorbf
seconds after presenting the tray and the bababtwise of food item was noted. Thus, the baboons
received a reward regardless of their choice odl fikem.

In the Objects condition, two identical containeese used to conceal the food items; baiting
was done as in standard trials and then the twe wagpe placed over the food items. For half tredgri
(objects only), the trial then proceeded as in @ntials with the baboon simply having to move th
object in order to retrieve the food item (whickyreadily did), while for the remaining trials (ebts
and screen) a screen was introduced once the agpseen put in place, held in place for 5 seconds a

then removed before the trial continued.

Results and Discussion

Movement As can be seen in Figure 3, overall performaeogained high in the standard cue
condition (mean 85%; all individuals$0.05), but deteriorated in both the static aug movement

plus screen conditions (means 65.8% and 72.5%ecasply). A Friedman's test indicated a marginally
non-significant effect of conditionz# 5.64, p= 0.06. Consideration of individual scores revealet
while performance deteriorated when the cue wdg gta chance levels for two of the three baboons,
22/40 and 21/40 for Balthazar and Green, respdygtilda, 36/40, p< 0.01), there was also a decrease
in response to the introduction of the screen évemmvement was retained, although performance did
remain above chance levels for two baboons andapped significance for the third (Balthazak p
0.05, Green,  0.078, Ida, < 0.01). That is, although the screen diminishexdgomance levels
whether the cue was static or dynamic, the abseine®tion led to a greater deterioration in
performance.

Cue-type Overall, the baboons performed significantly\adohance in the standard cue
condition (mean of 79%, all three individuals walm®mve chance performances®.05) as well as in
both of the new conditions: eyes closed (mean 74i@8tviduals:_p< 0.05, p= 0.078 and g 0.01 for
Balthazar, Green and Ida, respectively) and lookingve (mean 73.3%, individualsx@.01, p=
0.078 and px 0.01, for Balthazar, Green and Ida, respectjvédlyrriedman test showed no significant
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effect of condition: the baboons continued to resp the head orientation cue regardless of wiethe
the eyes were open or closed and also when theiegqeer was not directly looking at the food item,
re=0.055,_p= 0.76. As the baboons were able to take eithérefood items on the tray, a Friedman’s
test was used to assess whether the baboons |leammad sessions that the experimenter was not
monitoring the food items. The results showed rectiof session on performance in these conditions
(eyes closedrr= 3.96, ns; looking above: £ 3.0, ns).

Objects. Performance in the standard cue condition waseabbance for all three baboons
(mean 81.6%; for all individuals, $©0.05) but overall performance showed a consierdecrease in
both the objects and objects plus screen condifimesns 72.5% and 68.3%, respectively). A
Friedman's test showed a near-significant effecoodition, £= 5.64, p= 0.06. Analysis of individual
performances revealed that with both the introdunctif the objects and the objects plus screen,
performance remained above chance levels for batkrGand Ida, p 0.01, but only approached
significance for Balthazar in both conditions;79.078. An analysis of performance across session
addressed possible novelty effects, but the babslomsed no significant change across the four
sessions (objects: £ 2.78, _p= 0.43; objects and screep=2.52, p=0.47).

The results of Study 2 suggest that although thedsas had learned to take the experimenter’s
head orientation into account when performing th@petitive task, their performance was diminished
by procedural modifications including concealing tbod items with objects and a screen, and, to a
lesser extent, by omitting movement from the cuevidus negative findings for monkeys presented
with gaze cues may therefore reflect the methodd usthe object-choice task as much as an ingbilit
to use the cues themselves. For example, succgesfakmance following training may at least
partially reflect habituation to the objects andesnis used, although as performance in the preseiyt
did not improve across sessions this appears rharead mere novelty effect.

The addition of movement may make gaze cues mdiensaat least for head orientation,
suggesting that presentation of static cues mayialpede cue-reading by nonhuman primates. It has
been proposed that changes in head direction mayn@re effective cue (than eye gaze) because they
provide a stronger motion transient (Hood, Willeb&ver 1998). Interestingly, the addition of
movement within this competitive paradigm could eohance performance merely by eliciting visual
co-orientation with the experimenter (as mighte ¢ase in an object-choice task). Instead, head
movement simply made the direction of the head malient for the baboons (see also Call, Agnetta &
Tomasello 2000).

The results of the cue manipulations are notewottig/baboons continued to respond according
to previously learned rules when the experimernetccnot see the food item, that is, when the eyes

were closed and even the orientation of the heatf ifor eyes in Ida's case) was not aligned wit of
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the food items. It is conceivable that the babamgply continued to respond in a manner that they
knew to be successful. Even if they were awaré@feixperimenter’'s eyes being closed or that thd hea
was oriented above rather than towards the foay, khew from past experience that choosing the food
item not aligned with the experimenter’'s head degon was a guaranteed strategy for success.
However, the baboons failed to learn from theirasoenal 'errors' that food items could also be
removed from the side congruent with head oriemwaith over half the trials presented. Overall, it
appears that the baboons were responding on tiedigsmst experience and not making any relevant
assessment of the experimenter's visual orientéi®ralso suggested by Povinelli & Eddy, 1996b).
Alternatively, the lack of sensitivity to eyes cdulso be due to the availability of head directibhat

is, baboons may be sensitive to whether the eyespen or closed, but not within a context wheidhe
direction is providing directional information (Mo 1999). However, two of the three baboons also
failed to respond to eye gaze when this was thg @reé presented, suggesting that head orientation

might simply be a more salient cue than eye dioecti

General Discussion

The results of these studies suggest that whitegigs may co-orient with others as a means ofilarat
important events or objects, they are also semsitithe gaze cues of others on another level, iyame
that they can exploit this information competitivat certain circumstances (see also Byrne & Whiten
1988; Hare, 2001). As with visual co-orientationgls a skill may be the result of simple associative
learning; for example, primates may learn that haaghtation is a good signal of whether or not a
dominant individual is likely to become aggressiver access to food or mating opportunities. As
Cheney & Seyfarth (1991, p 193) state, modifyingawor in response to other individuals’ orientatio
and direction of gaze ‘certainly demands that mgakecognise that attentiveness can strongly affect
actions,’ but it does not require any appreciatibthe underlying mental states of attention.

The two baboons that quickly learned to exploiteékperimenter's visual orientation, at least as
indicated by head orientation, were females. Pbsgiie males acted less upon gaze cues becayse the
were less accustomed to losing competitions faruees; in this captive environment a single adult
male can enforce exclusive access to receptivelésnaad priority of access to food. Alternativaty,
has been suggested that females perform bettezlayedl-response problems because they are less
distractable than males, and this may offer sonpdaeation for the gender differences observed
(Fletcher, 1965). It would be interesting to comsitesponsiveness to gaze cues as a function ial soc
status in other contexts. While previous reseaeshumderlined the importance of the ‘attentional

structure’ of groups (Chance, 1967; Watts, 1998)d may also be some relationship between gaze
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monitoring and social hierarchy (see Blois-Heulirts&ona, 1999, for patterns and targets of looking
relative to rank in a species of Old World monkeyswer ranking individuals may gauge the visual
orientation of dominants and thus assess the fiakgroaching desirable social partners or foothste
for example (Hare, Agnetta & Tomasello, 2000).

The results of this study converge with those olgtdiusing a standard object-choice approach in
that the baboons responded more readily to headtation than to eye direction alone (Anderson,
Montant & Schmitt, 1996; Itakura & Anderson, 198&ignot & Anderson, 1999). Furthermore, during
supplementary testing with Ida using a combinatibhead and eye cues, she preferentially responded
to head direction when this conflicted with eyeeaags also demonstrated in capuchin monkeys
performing the object-choice task (Vick & Anders@000). It is possible that monkeys simply learn to
respond to arbitrary cues in order to solve thdlem presented (Povinelli & Giambrone, 2000). That
is, they learn head or eye direction as a cuesjpored to the appropriate side without any appreciat
that these are indicators of another’s visual ¢daton per se (Tomasello, Call & Hare, 1998); asdthe
direction is a more obvious cue, this associatiay tre more readily learned. Alternatively, the
advantage for head over eye direction cues magatedin underlying tendency to attend to this fofm o
cue; for many of species of nonhuman primates, beadtation may be a reliable signal of another
individual's visual orientation (see Kobayashi &dkana, 1997; 2001).

Whatever the reason underlying the greater saliehbead orientation as a cue, it is important
to note that the baboons did not demonstrate areeipgion of the actual focus of the experimenter's
gaze; a similar finding has been reported in chimapas (Povinelli, Bierschwale &ech, 1999). While
these results may offer little support for the vidaat the baboons were accurately adopting thelisu
perspective of the experimenter in the competiiagk, it is also possible that their responses were
simply tempered by their experimental experiencdifferent experimental design, with non-attending
trials integrated from the onset of testing mightilluminating (e.g. Povinelli Bierschwale @ech,

1999). Also, examining whether monkeys are abkcturately detect the targets of another’'s gaze and
ignore distractor objects, as has been shown mdmnzees, would be informative (Tomasello, Hare &
Agnetta, 1999), as would attempting to distingushween location-based responding (i.e. gaze
following) and object based responding, which wdagdndicative of joint visual attention (Moore &
Dunham, 1995). Specifically, moving previously atted objects to a new location prior to the sulgect
response might indicate at what level gaze behsvae processed.

Although the baboons learned to use gaze cuesfripmethe competitive task without explicit
training, it is difficult to ascertain which feats of these experiments were conducive to effectine
exploitation. Possibly, the competitive paradignmisre suited to revealing gaze reading than themor

frequently used object-choice paradigm (Hare, 200 the results of Study 2 suggest that the @ise o
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screens and containers, both integral aspectiolject-choice task, may also hinder cue readimg.
other words, it could be that the modified task@inhad fewer sources of information (such as dbjec
to be processed in order to solve a discriminatgk (see Hare, Agnetta & Tomasello, 2000; Poviinell
& Giambrone, 2000). Counterbalancing the orderregentation of an objects and no objects condition
within the competitive paradigm might help clarifys issue.

In conclusion, the object-choice paradigm may ot most appropriate means of assessing
nonhuman primates' abilities to assess the visuarientation of other individuals. Performancetoa
object-choice task does not stem directly fromnalémcy to co-orient with others; although monkeys
readily co-orient with other individuals (Anders&rMitchell, 1998; Emery et al, 1997; Ferrari et al,
2000; Tomasello, Hare and Fogleman, 2001) theymnaguire explicit training to master tasks which
could be performed on the basis of co-orientafidre present study has identified features of the
object-choice task that may hinder effective culireg: the use of objects and a screen disrupted th
performance of baboons already experienced at esipgrimenter-given cues to solve a task, and the
presentation of static cues may also impede pedooe While it is difficult to draw conclusions
regarding the importance of the competitive rathan co-operative nature of the task used here, the
baboons learned to make use of experimenter-gives in competition without the need for explicit
training, and one individual did so fairly quicklyinally, unlike the object-choice task, the conipat
task could not be solved on the basis of a direareenting response, that is, any learned or xafée
tendency to co-orient with other individuals woulok have directly facilitated performance in this
competitive task. Thus, further exploration usiogplementary approaches to studying gaze
monitoring abilities in nonhuman primates are reggibefore strong conclusions regarding comparative

abilities may be drawn.
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Figures

Figure 1: Performance in the head orientation dmmg) Ida and Balthazar b) Green and Sylvestre

B represents a baseline session. Open data pepressent above chance performance (05). The
solid horizontal line represents chance performatieedotted horizontal line represents the 80%

correct level.

Figure 2: a) Performance in the eye direction @alydition a) Ida and Balthazar b) Green and Syteest
B represents a baseline session. Open data pepressent above chance performance (05). The
solid horizontal line represents chance performatineedotted horizontal line represents the 80%

correct level.

Figure 3: Means (and SEM bars) for performance avénent, Cue-type and Objects conditions
(Study 2).

The dotted horizontal line represents chance padace (50%).
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