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Abstract

Humans are characterized by complex social cognitive abilities that emerge early in development. Comparative studies of
nonhuman primates can illuminate the evolutionary history of these social capacities. We examined the cognitive skills that
rhesus monkeys (Macaca mulatta) use to follow gaze, a foundational skill in human social development. While rhesus mon-
keys can make inferences about others’ gaze when competing, it is unclear how they think about gaze information in other
contexts. In study 1, monkeys (n=64) observed a demonstrator look upwards either in a barrier condition where a box was
overhead, so that monkeys could not see the target of her gaze, or a no barrier condition where nothing blocked her view.
In study 2, monkeys (n=59) could approach to observe the target of the demonstrator’s gaze when the demonstrator looked
behind a barrier on the ground or, in the no barrier condition, behind a window frame in the same location. Monkeys were
more likely to directly look up in study 1 if they could initially see the location where the demonstrator was looking, but they
did not preferentially reorient their bodies to observe the out-of-view location when they could not see that location. In study
2, monkeys did preferentially reorient, but at low rates. This indicates that rhesus monkeys can use social cognitive processes
outside of competitive contexts to model what others can or cannot see, but may not be especially motivated to see what
others look at in non-competitive contexts, as they reorient infrequently or in an inconsistent fashion. These similarities and
differences between gaze-following in monkeys and children can help to illuminate the evolution of human social cognition.
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Introduction

Many eyes are better than one: gaze-following, or looking
in the direction that another individual is looking, can pro-
vide important information about the environment as well as
about what others are seeing and thinking. In humans, gaze-
following is an important social milestone that emerges early
in development (Butterworth and Jarrett 1991; Flom et al.
2017). Gaze-following scaffolds the development of other
important human social cognitive abilities such as language
(Brooks and Meltzoff 2005; Morales et al. 1998) and theory
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of mind (the ability to ascribe subjective mental states to
others; Baldwin and Moses 1994; Flom et al. 2017; Lee et al.
1998; Moll and Meltzoff 2011; Moll and Tomasello 2007).
Yet gaze-following is also important for other species, as
it can provide clues to the direction of food, predators, and
mates in the external environment. Accordingly, basic co-
orienting responses—where individuals match the head or
eye position of others—are phylogenetically widespread
(Rosati and Hare 2009; Shepherd 2010). Since other spe-
cies do not display human-like social cognition or language,
an important question concerns the differences between
human and nonhuman gaze-following. We therefore exam-
ined whether rhesus monkeys (Macaca mulatta) can flexibly
control their gaze-following responses, like humans.

A crucial distinction for considering comparative patterns
of gaze-following concerns the psychological mechanisms
different species use to follow gaze. One potential mecha-
nism is termed ‘reflexive’ gaze-following: shifting where
one is looking in response to external stimuli, such as sim-
ple directional eye and head cues that automatically capture
attention, without further reasoning about the social context

@ Springer


http://orcid.org/0000-0002-3731-6661
http://crossmark.crossref.org/dialog/?doi=10.1007/s10071-019-01263-4&domain=pdf
https://doi.org/10.1007/s10071-019-01263-4

674

Animal Cognition (2019) 22:673-686

(Deaner and Platt 2003; Friesen and Kingstone 1998; Shep-
herd 2010). This kind of reflexive co-orienting has been
documented in humans and many other species (Butter-
worth and Cochran 1980; Davidson et al. 2014; Friesen and
Kingstone 1998; Ricciardelli et al. 2013; Ruiz et al. 2009).
However, this reflexive mechanism breaks down in some
contexts. For example, if the other individual’s line-of-sight
is blocked by a barrier, reflexive matching of gaze direc-
tion will not allow individuals to actually perceive what
the actor sees. Yet, humans and at least some other primate
species can also engage in more ‘cognitive’ gaze-following
responses, which involve reasoning about social or physi-
cal contexts to assess what the other agent actually sees.
For example, humans and great apes habituate to repeated
looks, reorient their body to observe the target of another’s
gaze, and check back to reassess where that individual is
looking—indicating that their responses are not purely
reflexive (Brauer et al. 2005; Butterworth and Jarrett 1991;
Okamoto-Barth et al. 2007; Tomasello et al. 2001). This
kind of mechanism enables individuals to accurately detect
the location that others look at across a broader range of
situations than purely reflexive gaze-following. In humans,
more cognitive forms of gaze-following may further enable
shared visual attention, a common frame-of-reference that is
thought to promote the development of human social cogni-
tive capacities in infancy (Tomasello 2014). Understanding
what mechanisms different species use to follow gaze can,
therefore, contextualize the patterns of human social cogni-
tive development.

While basic gaze-following responses are common across
species, the particular psychological mechanisms underly-
ing these behaviors appear to vary (Rosati and Hare 2009;
Shepherd 2010). A common test to distinguish between
more reflexive versus more cognitive mechanisms for gaze-
following comes from the studies of visual perspective-
taking, generally involving competitive interactions. For
example, chimpanzees (Pan troglodytes) can infer other’s
visual perspective to outcompete both conspecifics and
humans by targeting hidden food in scramble competition
(Briuer et al. 2005; Hare et al. 2000, 2001, 2006; Kaminski
et al. 2008; Melis et al. 2006). Similarly, rhesus monkeys
(Flombaum and Santos 2005; Lyons and Santos 2006; San-
tos et al. 2006) and ring-tailed lemurs (Lemur catta) (Bray
et al. 2014; MacLean et al. 2014; Sandel et al. 2011) will
preferentially try to steal food that a human competitor can-
not perceive. In contrast, many of these same species do
not use information about other’s perspective in ‘coopera-
tive’ paradigms that involve similar inferences, but hinge on
cooperative motives such as sharing food (Anderson et al.
1996; Anderson et al. 1995; Call et al. 1998, 2000, 2004,
Itakura and Tanaka 1998; Vick and Anderson 2000). Thus,
one proposal is that nonhuman primates can utilize ‘cogni-
tive’ mechanisms to reason about what the others can see
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primarily in competitive contexts, either because they are
more motivated during competition or because their abili-
ties are actually constrained to competitive contexts (Byrne
and Whiten 1989; Call et al. 2004; Hare 2001; Lyons and
Santos 2006). In contrast, humans can use these abilities
more flexibly across many contexts (Bettle and Rosati 2016;
Rosati et al. 2016).

Another approach to understanding gaze processing in
primates comes from work using ‘geometric’ gaze-following
tasks. Here, a demonstrator looks at an object that is behind
a barrier and thus outside of the subject’s line-of-sight, so
individuals must actually reorient from their initial posi-
tion, rather than just match their head to the demonstrator’s
direction of gaze, to see what the demonstrator sees. In fact,
both children and other great apes will actively move to look
behind a barrier that a demonstrator is looking behind in this
context (Brauer et al. 2005; MacLean and Hare 2012; Moll
and Tomasello 2004; Okamoto-Barth et al. 2007; Tomasello
et al. 1999). Since children and apes move to look behind the
barrier, their responses cannot stem from a purely reflexive
co-orientation process; such a response would lead them to
simply match the gaze direction of the demonstrator and,
therefore, incorrectly look past the barrier and miss the true
target location of the actor’s attention. Instead, these species
exhibit a more cognitively controlled response by moving
their bodies to see where the other is looking, accounting
for some aspect of the other’s line-of-sight. Crucially, these
interactions do not entail any obvious competitive motives
like visual perspective-taking paradigms, such as contested
food or initial agonistic displays. This suggests that apes can
make inferences about where others are looking in a flex-
ible manner, using cognitive gaze-following abilities even
in the absence of competition. This aligns with accumulat-
ing evidence that great apes, like children, exhibit a broad
spectrum of social cognitive abilities across competitive and
non-competitive social contexts (Bulloch et al. 2008; Hop-
kins et al. 2007; Hostetter et al. 2007; Krupenye et al. 2016).

Can other primate species also reason about gaze across
different social contexts, or do they show most robust skills
specifically in competitive contexts (Byrne and Whiten
1989; Call et al. 2004; Hare 2001; Lyons and Santos 2006)?
Rhesus macaques provide a strong test of this proposal. First,
rhesus monkeys are characterized as a strongly despotic
species, exhibiting high rates of agonism in their natural
behavior. Long-term behavioral observations indicate the
reduced levels of affiliative interactions compared to other
macaque species (Brent et al. 2013; Thierry 2002; Wid-
dig et al. 2002), and most clear examples of rhesus coop-
eration in natural interactions involve providing support
during aggressive interactions or rank disputes (Cheney
2011; Higham and Maestripieri 2010; Widdig et al. 2006).
Although there have been few experimental assessments of
rhesus cooperation, comparisons with other closely related
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macaque species also reveal that dyads of rhesus monkeys
collaborate much less frequently than more tolerant species
(Petit et al. 1992). Thus, rhesus monkeys are characterized
by extreme despotism, and competition is central to their
natural social behaviors.

Currently, the strongest evidence that rhesus monkeys can
make inferences about other’s gaze comes from competitive
interactions. For example, rhesus monkeys will preferen-
tially try to steal food from a human competitor that cannot
see their approach, compared to one who can (Flombaum
and Santos 2005), and will preferentially steal in a ‘quiet’
fashion to avoid alerting a human competitor to theft (Santos
et al. 2006). This suggests that monkeys can deduce what
others perceive and use it to outcompete them. Work using
expectancy looking-time methodologies, involving measures
of looking to index cognitive processes, has further shown
that monkeys understand other’s knowledge states based
on what the other individual previously saw (Marticorena
et al. 2011; Martin and Santos 2014). For example, rhesus
monkeys look longer when a demonstrator searching for hid-
den food searches in an empty box versus where the food
is located—indicating surprise at this unexpected action
(Marticorena et al. 2011; Martin and Santos 2016). While
these looking-time tasks do not involve direct competition,
the ability to track where individuals are searching for food
is highly relevant to competitive scenarios. Finally, rhesus
show basic co-orientation responses to both conspecifics and
humans (Call et al. 1998; Emery et al. 1997; Itakura 1996;
Rosati et al. 2016; Rosati and Santos 2017; Shepherd 2010;
Shepherd et al. 2006; Tomasello et al. 2001), and are sensi-
tive aspects of social context when doing so. For example,
when a demonstrator looks at a distantly located object in
a surprised manner while vocalizing, monkeys look to this
object. In contrast, when she has previously seen this object,
the monkeys search longer to identify an alternative target of
gaze (Drayton and Santos 2017). However, rhesus macaques
can use similar vocal signals in competitive contexts, such
as during aggressive interactions (Lindburg 1971; Partan
2002). Thus, it is possible that they interpreted this as a
competitive or agonistic situation. Consequently, evidence
for cognitive gaze-following in rhesus comes primarily from
interactions that are either clearly competitive or could be
construed as so.

In the current work, we therefore examined rhesus mon-
keys’ abilities to use cognitive gaze-following mechanisms
in neutral, non-competitive interactions. Across two experi-
ments, rhesus monkeys saw a human demonstrator look in
a particular direction. Monkeys could either see the target
location of the actor’s attention by moving their head in
the same direction as the actor, or it was necessary for the
monkeys to reorient their bodies from their initial viewing
position to see the target location, allowing us to distinguish
reflexive responses (involving simple matching of head

orientation) from more cognitive forms of gaze-following
(involving reasoning about where others are specifically
looking). In study 1, we examined monkeys’ responses
when a human actor looked upwards (either at the sky or into
an overhead box), and in study 2, we examined monkeys’
responses when a human actor looked down (either behind
a window or behind a closed box). Importantly, these stud-
ies never involved contested food or agonistic emotional or
vocal displays, key cues indicating a competitive context in
prior work. These studies can shed light on how individuals
from this highly competitive species use their social cogni-
tive abilities across contexts.

Study 1: Overhead barrier

In study 1, we examined monkeys’ responses to a human
demonstrator looking upwards. In the barrier condition, the
human’s line-of-sight towards the sky was blocked by an
overhead box, such that the target of her gaze was inside
the box. In the no barrier condition, she produced the same
action, but there was no box above her head. We predicted
that if the monkeys understood the demonstrator’s line-of-
sight, they should preferentially look up at the sky in the no
barrier condition where they could also see the demonstra-
tor’s target from their initial location compared to the barrier
condition when the demonstrator looked inside the box, but
should rather reorient by approaching the apparatus in the
barrier condition in order to see where the demonstrator was
looking. In contrast, monkeys using reflexive mechanisms
should match their head direction to the demonstrator’s head
direction similarly in both situations, and not reorient their
body to see what the demonstrator was actually looking at
in the barrier condition.

Methods
Subjects

Our final sample comprised 64 rhesus monkeys living at the
Cayo Santiago Field Station (38 males and 26 females, rang-
ing from 1.5 to 21.3 years). Cayo Santiago is a 38 acre island
off the coast of Puerto Rico (Rawlins and Kessler 1987),
with approximately 1500 semi-free-ranging monkeys that
are highly habituated to humans and can be individually by
unique chest tattoos and ear notches. While monkeys from
this population have participated in prior studies of gaze-fol-
lowing (Drayton and Santos 2017; Rosati et al. 2016; Rosati
and Santos 2017) and see a variety of natural barriers (such
as trees and rocks), they were naive to gaze-following tasks
involving an overhead barrier used in the current study.
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Apparatus and setup

Monkeys experienced one of two conditions in a between-
subjects design in which they saw a demonstrator look
upwards by rotating both her head and eyes (see Fig. 1 and
Movie S1 in the ESM for examples). In the barrier condi-
tion, the demonstrator looked upwards into a barrier above
her head (a box 41 cm long, 31 cm wide, and 15 cm deep;
propped onto a stick attached to a tripod of total height
1.77 m). The demonstrator could see into the box from
her position, but the monkey could not (see Fig. 1a). In
the no barrier condition, the demonstrator performed the
same actions next to the tripod, but her line-of-sight was
not blocked (the box was removed). As such, the monkeys
could observe her visual target from their initial position in
this condition.

Following the methods of prior work (Rosati and Santos
2017; Rosati and Santos 2017; Tomasello et al. 2001),

Fig. 1 Setup for study 1: over-
head barrier. a In the barrier
condition, the demonstrator’s
line-of-sight was blocked by an
overhead barrier. b In the no
barrier condition, the dem-
onstrator looked at the sky. ¢
Diagram of setup. To see the
target of the demonstrator’s
gaze in the barrier condition,
monkeys had to approach the
apparatus. d Video still example
of the subject looking at the
demonstrator at the start of a
trial. e Video still of a monkey
looking upwards

@ Springer

there was no specific target stimulus in either condition
that would cause the monkey to look up independently
of the demonstrator’s actions; rather, the demonstrator
either looked upwards with her line-of-sight unimpeded
(no barrier condition) or she looked upwards into the box
(barrier condition). To ensure that the gazing actions of
the demonstrator appeared plausible, the apparatus was
always set up near a tree, such that she could feasibly be
gazing at something above (again following the methods
of Rosati et al. 2016; Rosati and Santos 2017). We always
checked that there were no other monkeys above the appa-
ratus who might attract the subject’s attention. Finally, we
used a human demonstrator to ensure tightly controlled
behavior across conditions; the previous research shows
that macaques robustly follow the gaze of both humans
and conspecifics at similar rates (Ferrari et al. 2000; Rosati
et al. 2016; Rosati and Santos 2017; Teufel et al. 2010;
Tomasello et al. 2001).
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Procedure

In sessions, Experimenter 1 (E1) identified a monkey who
was sitting calmly. Condition was randomly assigned based
upon a pre-designated list carried by Experimenter 2 (E2).
Next, E1 placed the apparatus 2—3 m from the monkey and
stood to the side of the apparatus (see Fig. 1). From their ini-
tial position, monkeys could observe the apparatus and E1,
but could not see into the barrier. E2 stood approximately
6 m away from the monkey, to film the monkey’s response.

At the start of each trial, El attracted the monkey’s atten-
tion by calling to them and snapping her fingers. When
the monkey attended, she said ‘now’ and looked directly
upwards (into the box in the barrier condition, or parallel to
the stick in the no barrier condition; see Fig. 1a, b). The 10 s
looking phase, timed with a stopwatch by E1, began when
she said ‘now’. This phase was used to assess if monkeys
looked upwards after the demonstrator did (see Fig. 1d, e
for examples). After E1 looked up for 10 s, the timer beeped
and the approach phase began. This phase allowed us to
assess if monkeys reoriented by approaching the appara-
tus, within a distance where they could see into the box in
the barrier condition. Here, E1 turned around and walked
approximately 7 m away from the monkey (to stand behind
E2), so the monkey could approach without being in close
proximity to E1. Monkeys had 1 min to approach. Subjects
had to complete the initial 10 s looking phase to be included.

Exclusions

Occasionally, monkeys who were approached for testing
failed to produce scorable responses. For example, they
sometimes failed to observe the demonstrator look up in the
looking phase, or were displaced by other monkeys before
they could approach. To assess this, a blind coder scored
which sessions should be excluded. For the looking phase,
five individuals were scored as not observing the demonstra-
tor’s looking demonstration (n =5); an additional 2 monkeys
were excluded at time of test because of apparatus failure
or experimenter error (e.g., the apparatus fell down). For
the approach phase, 15 additional individuals were excluded
during video coding [following similar criteria described
in Rosati and Santos (2016)], because another monkey
displaced the subject before they made a response (n=1),
another monkey tampered with the apparatus (n=11), or
the subject left the testing area before the approach phase
began (n=1); additional 2 subjects were excluded due to
apparatus failure. These individuals were included in the
looking analyses. These exclusions resulted in a final sample
of 31 subjects in the barrier condition and 33 in the no bar-
rier condition for looking phase analyses; and 25 monkeys
in the barrier condition and 24 in the no barrier condition
for approach analyses.

Coding and reliability

Two independent coders scored responses of the final set
of 64 subjects. We clipped out the 10 s looking phase and
the minute-long approach phase to code them separately.
Each video clip was assigned a random trial ID, so cod-
ers could score looks blind to condition. The barrier was
inherently visible in the approach phase, but coders were
blind to the monkey’s initial response in the looking phase.
To code the looking phase responses (see ESM Movie S1),
each coder marked the trial start (when E1 said ‘now’)
and coded the subsequent 10 s frame-by-frame. Following
the previous work (Rosati et al. 2016; Rosati and Santos
2017), we coded:

1. whether the individual looked up towards the sky or
not from their initial starting position, as a binomial
response. This is based on changes in monkey’s head
and/or eye direction (see Fig. 1d, e and Video S1 for
examples). This was our key measure in the look phase.
We predicted that the monkeys would look up more in
the no barrier condition, because they could see the tar-
get location of the demonstrator’s gaze, but would be
less likely to produce this response when it did not allow
them to see the location where the demonstrator was
looking.

2. total duration of looking up in seconds; we predicted
that monkeys would look up longer in the no barrier
condition to better observe what the demonstrator was
looking at.

3. latency to look up in seconds; we predicted that the mon-
keys would look up sooner following the demonstrator’s
movements in the no barrier condition where monkeys
could see the target location of demonstrator’s gaze.

4. the number of discrete looks up as a count response; we
predicted that the monkeys would look up more times in
the no barrier condition to better identify what E1 was
looking at, since they could see the target location of the
experimenter’s gaze in this condition.

The reliability coder had high reliability with the primary
coder for these measures (looking up: K=0.94; duration of
looking: r,=0.98; latency to look: r,=0.89; number of
looks: r,=0.94).

For the approach phase, we examined whether the mon-
keys reoriented to a position where they could see what the
demonstrator looked in the barrier condition. In this natu-
ralistic context, it was difficult to assess whether the mon-
key actually looked into the barrier, so we used approaches
within arm’s distance of the apparatus as a proxy for reori-
entation that could be scored in a comparable way in both
conditions. We therefore coded each 1-min approach phase
clip for:
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1. whether the monkey approached within arm’s distance
of the apparatus as a binomial response (see Movie S1).
This was our key measure in the approach phase; we pre-
dicted that the monkeys would preferentially approach
the apparatus in the barrier condition, because reorien-
tation was necessary to see the target location of the
demonstrator’s gaze in this condition.

2. the latency to approach within an arm’s distance of the
apparatus in seconds; we predicted that if the monkeys’
approach response reflected attempts to look at the target
of E1’s gaze, they would approach more quickly in the
barrier condition. The reliability coder had high reliabil-
ity with the primary coder for these measures (approach-
ing: K=1.0; latency to approach: r,=0.98).

Statistical analyses

We analyzed the data in R v3.4.1 (R Development Core
Team 2017). We used logistic regressions implemented with
the glm function to examine propensity to look upwards or
approach; linear regressions to examine total looking-time
and latency to approach; and Poisson regressions to analyze
number of looks, a count measure. The looking latency data
were heavily right skewed, so we used an inverse Gaussian
distribution (inverse link function) in accordance with rec-
ommendations for skewed reaction time data (Baayen and
Milin 2010; Lo and Andrews 2015). For all analyses, we
first constructed a base model that accounted for subject’s
age and sex, which have been shown to affect gaze-following
responses in prior studies (Rosati et al. 2016; Rosati and
Santos 2017). We then added in condition as a predictor and
examined whether model fit improved using likelihood ratio
tests (Bolker et al. 2009); here, significant improvement in fit
indicates that the predictor should be included in the model.

Fig.2 Looks upward and
approaches in study 1 (over-

(a) Looks

We also report Akaike information criterion (AIC); lower
AIC values indicate relatively better model quality.

Data availability

Data from both studies is available on Dryad Digital Reposi-
tory: https://doi.org/10.5061/dryad.3g87c35.

Results

We examined monkeys’ propensity to look upwards across
conditions. During the looking phase, M =57.58% of mon-
keys looked up in the no barrier condition, whereas only
32.26% of monkeys looked up in the barrier condition (see
Fig. 2a). Including condition significantly improved model
fit (LRT: ;(2 =4.31,df=1, p=0.04; AIC=85.52 compared
to 87.82 in base model). The full model also showed a
non-significant trend that more males than females looked
up, and more younger monkeys than older monkeys looked
up (see Table 1). Importantly, in addition to accounting
for age and sex in the models, there were similar numbers
of males in both conditions (19 in each), and there was
no difference in subjects’ age between conditions (mean

Table 1 Predictors of looking responses in study 1 (overhead barrier)

Predictor Estimate Z P value
Sex (reference: female) 1.071 1.826 0.068
Age (in years) -0.109 —1.882 0.060
Condition (reference: barrier) 1.123 2.029 0.043

Parameters from the full model predicting looks upward as a binary
response. This model was compared to a base model that included
only sex and age as predictors. Baseline reference for predictors indi-
cated in table

(b) Approaches

head barrier). a Proportion of ] K ]
individuals who looked upward g- 0:0 g 0.8
during the looking phase. b ~ 2
Proportion of monkeys who o &
approached the apparatus dur- 2 © 0.6
ing the approach phase. Total _8 0.6 _g '
number of individual monkeys 3 b4
showing each response per % w
condition is indicated above the 3 g
relevant bar T 04 ] 0.41
= N =10 2
°© =
c T
p £ N=5
L2 0.2 c 0.2 N=4
= S
o
8 5
o o
o o
0.0 a 0.0
Barrier  No Barrier Barrier  No Barrier
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age barrier =7.69; mean age no barrier=7.17; t,,=0.39,
p>0.69). These demographic characteristics cannot
account for the condition effect.

Next, we looked at the total duration of time that mon-
keys spent looking up. We included only trials where the
monkey did look up (10 in barrier and 19 in no barrier):
in the barrier condition, monkeys looked up for 1.65 s on
average, and for 2.52 s in the no barrier condition. Adding
condition did not significantly improve model fit (LRT:
¥*=2.28, df=1, p=0.35; AIC=116.21 compared to
115.20 for the base model; see ESM Table S1 for model
parameters).

We found similar results for latency to look and number
of total looks: including condition as a predictor did not
improve model fit (latency to look: y*>=0.53, df=1,
p=0.21, AIC=105.57 compared to 104.3 for the base
model; number of looks: ,= 0.00, df=1, p=0.98,

AIC=81.95 compared to 79}{92 for the base model; see
ESM Tables S2-S3). Overall, these results indicate that
the key difference across conditions concerned the mon-
keys’ overall propensity to look up or not, not these other
characteristics of their gazing response if they did look up.

We then analyzed the monkeys’ approaches. In the bar-
rier condition, monkeys approached on 16.00% of trials;
and on 20.83% of trials in the no barrier condition. Includ-
ing condition did not significantly improve model fit
(}(2 =0.19,df=1, p=0.66, AIC =46.58 compared to 44.77

in base model; see Table 2). We also examined monkeys’
latency to approach. For this analysis, we only included
those trials where the individual did approach: 4 in the
barrier condition and 5 in the no barrier condition. On
average, monkeys took 17.12 s to approach in the barrier
condition, and 13.59 s in the no barrier condition. Includ-
ing condition did not improve model fit (}(2 =0.00, df=1,

p=1.00, AIC =60.95 compared to 58.95 for the base
model). Overall, monkeys did not preferentially reorient
when their view of the demonstrator’s visual target was
blocked.

Table 2 Predictors of approaches in study 1 (overhead barrier)

Predictor Estimate Z P value
Sex (reference: female) —-0.925 —1.057 0.290
Age as covariate —0.206 —1.630 0.103
Condition (reference: barrier) 0.356 0.434 0.664

Parameters from the full model predicting approaches to the appa-
ratus upward as a binary response. Baseline reference for predictors
indicated in table

Discussion

These results indicate that rhesus monkeys were more likely
to look upwards when they could see the target location of
the demonstrator’s attention from their initial position. This
suggests that rhesus monkeys can utilize information about
another individual’s line-of-sight to modulate gaze-follow-
ing. However, the monkeys did not preferentially reorient
to view the target location by approaching in the barrier
condition, and did not approach very frequently. One pos-
sibility is that monkeys were not motivated to view what
the demonstrator was looking at, unlike children and apes
tested in similar paradigms (Bréuer et al. 2005; Moll and
Tomasello 2004; Okamoto-Barth et al. 2007). However, note
that our study differed from prior work using an overhead
barrier. This allowed us to examine propensity to look up
and approaches as two different dependent measures, but
could have made it more difficult for the monkeys to reorient
to locate the demonstrator’s visual target. From a motiva-
tional perspective, monkeys might be less likely to reorient
to look into an overhead barrier, if they do not expect an
interesting stimulus to be located there. They might expect
any interesting stimuli to have ‘fallen out’ given the boxes’
orientation to the ground—although insects or hanging fruit
could have been present, or items stuck to the inside of the
box. In addition, the overhead setup made it challenging to
code looks into the box if they approached. In study 2, we,
therefore, developed a paradigm that was more analogous to
prior work with apes.

Study 2: Reorienting around a barrier

In study 2, we examined monkeys’ responses to a human
demonstrator looking downwards behind an apparatus. In
the barrier condition, the monkey’s view of the demonstra-
tor’s target of gaze was blocked by an occluder, whereas in
the no barrier condition, the demonstrator looked behind a
‘window frame’ in the same location, so the monkeys also
could already see where the demonstrator looked from their
initial position. We predicted that if the monkeys understood
the demonstrator’s line-of-sight, they should preferentially
approach and look behind the apparatus in the barrier con-
dition to observe the location where the demonstrator had
looked.

Methods
Subjects
Our final sample was 59 rhesus monkeys from the same

population as study 1 (41 males and 18 females, ranging
from 0.84 to 18.41 years). Nine monkeys in our final sample
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also participated in study 1, but were naive to the particular
procedure used here. To our knowledge, there have been no
prior studies of gaze-following utilizing these kinds of bar-
riers in this population, although these monkeys have expe-
rienced studies involving boxes or other apparatuses placed
on the ground (Marticorena et al. 2011; Martin and Santos
2014; Santos et al. 2006).

Apparatus and setup

Monkeys experienced one of two conditions in a between-
subjects design in which they saw a demonstrator look
behind an apparatus on the ground (see Fig. 3 and ESM
Movie S2 for example.). The apparatus was a box (76 cm
high, 27 cm wide, 28 cm deep; see Fig. 3). In the barrier
condition, the apparatus blocked the monkey’s view of what
she was looking at. In the no barrier condition, we removed
the front panel of the apparatus facing the money, so they

(a) |

(c)

d) &

Fig.3 Setup for study 2: reorienting around a barrier. Demonstrator
looking behind apparatus in the a barrier condition and b no barrier
condition. ¢ Diagram of setup. To look where the demonstrator had
looked, the monkey has to approach behind the apparatus in the bar-
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could directly see where the demonstrator looked from their
starting position.

Procedure

In sessions, experimenter 1 (E1) first identified a calm mon-
key for testing, and then, condition was randomly assigned
by experimenter 2 (E2) based on a pre-assigned list. Next,
E2 set up the apparatus approximately 2—3 m from the mon-
key, before standing approximately 6 m away from the mon-
key to film their response. E1 then approached the apparatus
to stand beside it, such that the apparatus was close to E1l
and oriented away from the subject. E1 then produced the
looking demonstration. Each session then had two phases. In
an initial 5 s looking phase, the demonstrator looked behind
the apparatus; note that we did not code any responses from
the monkey during this phase, unlike in study 1. This was
followed by a 30 s approach phase. We used a 30 s long
approach phase, rather than a minute-long approach phase,

(b)

rier condition. Monkeys in the no barrier condition could see the tar-
get location from their initial position, because the front panel of the
box was removed (dashed lines). Video stills of monkeys a in their
initial position and e reorienting to look behind the apparatus
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as in study 1, to minimize the possibility of interference
by other monkeys. The average time to approach in study
1 was 15.16 s, so this gave sufficient time to approach. To
start the trial, E1 attracted the monkey’s attention by calling
and snapping her fingers. When the monkey attended to her,
she turned her head and shoulders to gaze directly behind
the apparatus, while bending at the waist (see Fig. 3). El
held her pose for 5 s, and then turned around and walked
to stand behind E2, so that the monkey could approach the
apparatus. The approach phase began as she straightened up
to turn around. After 30 s, E2 stopped filming and the trial
ended. During the session, E2 filmed the monkey, so that the
monkey and apparatus were both in the shot.

Exclusions

Some of the monkeys that were approached for testing were
not included in the final data set, as in study 2. A blind
coder, therefore, watched all the sessions from videotape
and scored whether such interferences made the session
unusable. In total, nine individuals were excluded from the
approach measure, because other monkeys displaced the
subject (n=3) or tampered with the apparatus (n=6). This
resulted in a final sample of 31 monkeys in the barrier condi-
tion, and 28 in the no barrier condition.

Coding and analyses

Two coders scored the sessions from video, using similar
procedures to study 1. We coded:

1. whether the individual approached the apparatus (to
within an arm’s distance of the apparatus) or not as a
binomial response. This was our key measure; we pre-
dicted that the monkeys should preferentially approach
behind the apparatus to observe the target of her gaze in
the barrier condition.

2. the latency to approach within an arm’s distance of the
apparatus; we predicted that if the monkeys’ approach
response reflected attempts to look at the target of E1’s
gaze, they would approach more quickly (shortly after
the looking phase demonstration) in the barrier condi-
tion.

3. whether individuals looked behind the apparatus or not
as a binomial response; we predicted that if monkeys
understand the demonstrator’s line-of-sight, they would
preferentially look behind—the apparatus in the bar-
rier condition. We used looks behind the apparatus as
a secondary code and approaches as our primary meas-
ure. This is because, sometimes, monkeys produced an
approach response, but then another monkey interfered
before they could produce a look response (two of ten
trials with approaches).
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Fig.4 Approaches to the apparatus in study 2 (reorienting around a
barrier). Proportion of trials where monkeys approached the appara-
tus across conditions. Total number of individual monkeys showing
each response per condition is indicated above the relevant bar

Table 3 Predictors for approaches in study 2 (reorienting around a
barrier)

Predictor Estimate V4 P value
Age (as covariate) 0.034 0.408 0.684
Sex (reference: female) 0.808 0.910 0.363
Condition (reference: barrier) —1.605 —1.885 0.060

Parameters from the full model predicting approaches to the appara-
tus as a binary response. This model was compared to a base model
that included only sex and age as predictors. Baseline reference for
predictors indicated in table

The reliability coder had high reliability with the pri-
mary coder for all measures (approaching: K=0.94; look-
ing behind barrier: K=0.91; latency to approach: r,=1.0).
We analyzed the data using the same general approach as
for study 1.

Results

In the barrier condition, 25.81% of the monkeys approached
the apparatus, whereas only 7.14% approached in the no bar-
rier condition (see Fig. 4). Including condition as a predic-
tor in our model significantly improved fit (LRT: ¥ *=431,
df=1, p=0.04; AIC=56.52 compared to 58.83 for the basic
model): more monkeys approached when they could not
see the target of the demonstrator’s gaze from their initial
position (see Table 3). In study 1, in addition to accounting
for age and sex in the models, we also randomly assigned
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subjects to condition while accounting for sex and age
cohort. There were similar numbers of males in both condi-
tions (20 in barrier and 21 in no barrier), and no difference
in subjects’ age between conditions (mean age barrier=8.05,
mean age no barrier=8.31; 15, =0.22, p > 0.82).

To analyze latency to approach, we only included trials
where the individuals did approach. On average, monkeys
took 12.66 s to approach in the barrier condition (n=8), and
26.27 s to approach in the no barrier condition (n=2). We
found a non-significant trend for faster approaches in the
barrier condition (LRT: 12= 221.63, df=1, p=0.051;

AIC=73.89 compared to 76.81 for the base model; see ESM
Table S4).

Finally, we checked whether approaches did relate to
looking behavior. For 7 of the 8 approach trials where looks
were possible to code, the monkey clearly looked behind
the apparatus, either by looking at this location from over
the top of the apparatus (n=3) or by walking to one side
and looking back behind the apparatus (n=3), or doing
both (n=1). The main condition effect from the analysis of
approach responses held when we analyzed looks instead of
approaches (LRT: y*>=4.98, df=1, p=0.03; AIC=39.31
compared to 42.29 for the base model). This supports our
interpretation of approaches as reflecting an attempt to
observe the demonstrator’s visual target location behind the
barrier.

Discussion

Monkeys were more likely to approach and look behind an
apparatus in the barrier condition when they could not ini-
tially see where the demonstrator was looking, compared
to the no barrier condition where they could. This shows
that rhesus monkeys can model other’s the line-of-sight and
use this information to reorient. Notably, the monkeys in
study 1 did not preferentially approach the way which they
did in study 2. One possibility is that reorienting in study
1 was more difficult, because that was overhead. By com-
parison, study 2 used an apparatus placed upon the ground,
more similar to past work with apes and children (Brauer
et al. 2005; Moll and Tomasello 2004; Okamoto-Barth et al.
2007). Monkeys may also have more frequently experienced
interesting stimuli upon the ground (such as food), so are
subsequently more interested in approaching in that situa-
tion. Notably, however, approaches were infrequent in both
studies. Thus, monkeys appear to understand that the target
of the demonstrator’s gaze was hidden by the barrier in that
situation and responded accordingly, but were overall rela-
tively unmotivated to actually approach to observe the target
of her gaze.
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General discussion

Across two studies, we found that rhesus monkeys
accounted for whether they could see where others are
looking, exhibiting cognitive control over their gaze-fol-
lowing responses rather than just reflexively matching a
shift in other’s attention. In study 1, more monkeys looked
up in the no barrier condition when doing so enabled them
to observe the same overhead location where the actor was
looking, compared to a barrier condition where the actor’s
line-of-sight upwards was blocked. In study 2, more mon-
keys approached an apparatus on the ground that a human
had looked behind in the barrier condition when their
initial view of the location was blocked, than a no bar-
rier condition where the apparatus was a window frame.
However, rhesus monkeys may not be especially motivated
to see what other individuals are looking at in these con-
texts, as suggested by the low rates of approaches in both
studies. Overall, these results show that gaze-following
in rhesus macaques accounts for at least some aspects of
what others actually see. The current work does not sup-
port the interpretation that monkeys engaged in reflexive
gaze responses in response to simple directional head or
eye cues (Friesen and Kingstone 1998; Hood et al. 1998;
Shepherd 2010), because this would have produced iden-
tical responses regardless of whether the actor’s line-of-
sight was blocked by a barrier. This builds on prior work,
showing that rhesus monkeys exhibit basic co-orienting
responses (Deaner and Platt 2003; Emery et al. 1997;
Rosati et al. 2016; Rosati and Santos 2017; Tomasello
etal. 2001).

As such, our results indicate that even extremely des-
potic primate species can use cognitive abilities outside
of competitive situations to infer where others look, in
contrast to some theoretical proposals (Byrne and Whiten
1989; Hare 2001; Hare and Tomasello 2004; Lyons and
Santos 2006). Unlike prior work with rhesus monkeys,
our paradigm did not involve competitive cues, did not
involve food, and did not invoke a scenario where the sub-
ject needed to ‘outwit’ the demonstrator. This work, thus,
adds to growing evidence that some primate species can
use social cognitive abilities across many different social
contexts (Bulloch et al. 2008; Crockford et al. 2012; Grue-
neisen et al. 2017; Hopkins et al. 2007; Hostetter et al.
2007; Melis and Tomasello 2013; Yamamoto et al. 2012).
However, we also found that rhesus monkeys did not seem
particularly motivated to see where others were look-
ing in this non-competitive context. While rhesus mon-
keys adjusted their gaze-following responses depending
on whether they could also see where the demonstrator
had looked, they reoriented at low rates in both studies.
Importantly, the monkeys clearly used information about
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the actor’s line-of-sight in both studies: more individu-
als looked up in the no barrier condition in study 1, and
more approached to view behind the barrier in study 2.
Thus, it is unlikely that they approached infrequently due
to a (non-motivational) cognitive inability to assess where
others look. Monkeys in this population also approach and
search novel apparatuses at high rates when they think
that there is hidden food (Flombaum and Santos 2005;
Rosati and Santos 2016; Santos et al. 2006). Moreover,
both infants and apes will approach to look behind a bar-
rier that a demonstrator looks behind in a similar situation
(Briuer et al. 2005; Butler et al. 2000; Moll and Tomasello
2004; Okamoto-Barth et al. 2007). An important question
is therefore why the rhesus monkeys were relatively unmo-
tivated to approach and observe where the demonstrator
was looking in these contexts.

One possibility is that monkeys were uninterested in
approaching because the demonstrator was a human rather
than a conspecific. However, this interpretation is inconsist-
ent with the fact that monkeys did frequently follow the dem-
onstrator’s gaze in study 1, demonstrating that they do pay
attention to where humans look. More generally, macaques
follow the gaze of both human and conspecific demonstra-
tors (Ferrari et al. 2000; Rosati et al. 2016; Rosati and Santos
2017; Teufel et al. 2010; Tomasello et al. 2001), and most
evidence that these rhesus can account for other’s visual
perspective or knowledge states comes from studies involv-
ing interactions with a human (Drayton and Santos 2017;
Flombaum and Santos 2005; Marticorena et al. 2011; Martin
and Santos 2014; Santos et al. 2006). Moreover, prior work
showing that great apes can follow gaze around barriers also
involved human actors (Briuer et al. 2005; Okamoto-Barth
et al. 2007). Therefore, it is unlikely that the use of a human
demonstrator alone can explain the rhesus monkeys’ low
motivation to approach and observe where the actor had
looked.

Another possibility is that rhesus monkeys’ low levels
of social tolerance drive this response. Several proposals
have argued that tolerant species exhibit more robust social
cognitive abilities than do despotic species, the idea being
that these social cognitive skills can facilitate cooperative or
prosocial interactions (Burkart et al. 2009; Hare 2017; Hare
and Tomasello 2005; Joly et al. 2017). For example, humans
frequently use gaze as a cooperative cue to partake in joint
attentional interactions (Tomasello 1995; Tomasello and
Carpenter 2007) and when providing pedagogical informa-
tion (Csibra and Gergely 2009; Senju and Csibra 2008). This
raises the possibility that while competitive primate species
can flexibly use social cognitive abilities, humans may be
uniquely motivated to use these skills to engage in interac-
tions where they share attention—for example, by looking at
the same location or object. This shift may contribute to the
development of human-unique social abilities.

One important question for future research, therefore,
concerns how rhesus monkeys respond to the same gaze
cues across different contexts. In this study, we tried to
establish a neutral interaction, and, therefore, did not use
cues that were either explicitly competitive or cooperative
in nature. For example, the experimenters never handled
food, and never produced emotional or vocal signals com-
monly used in either agonistic of affiliative contexts. Yet,
previous work has established that closely related macaque
species with different social style may respond differently
to gaze cues depending on these kinds of signals, or have
different reactions particular social contexts. For instance,
competitive rhesus monkeys gaze-follow differentially
according to rank (Shepherd et al. 2006), while more tol-
erant Barbary macaques (Macaca sylvanus) do not (Teufel
et al. 2010). Crested macaques (Macaca nigra), another
tolerant species, respond especially quickly to gaze cues
from conspecific friends versus non-friends (Micheletta
and Waller 2012). In contrast, long-tailed macaques
(Macaca fascicularis), a competitive species, follow gaze
more frequently when an actor exhibits a submissive facial
expression versus an affiliative expression (Goossens et al.
2008). Future research should, therefore, compare how
rhesus monkeys react to gaze cues in actively cooperative
or affiliative situations, as well as how social tolerance
across species may shape social cognitive processes more
generally.

Finally, a key question invoked by our result is whether
these kinds of gaze-following abilities scaffold later devel-
oping cognitive skills in primates: to what degree are the
building blocks of human social cognitive development
shared with other species? While rhesus macaques have
demonstrated a sophisticated understanding of the mental
states of other individuals (Drayton and Santos 2016, 2017,
Flombaum and Santos 2005; Marticorena et al. 2011; Martin
and Santos 2014; Santos et al. 2006), their social cogni-
tive abilities appear to be different from that of humans. For
instance, rhesus monkeys do not demonstrate false belief
understanding (Marticorena et al. 2011; Martin and Santos
2014), suggesting that cognitive gaze-following is not a suf-
ficient condition for the development of human-like social
cognitive abilities. One possibility is that gaze-following
follows a different developmental trajectory in rhesus mon-
keys, reflecting a different developmental role. While the
previous work has shown that basic co-orienting follows
a similar developmental trajectory in rhesus monkeys and
humans (Rosati et al. 2016), it remains unclear whether
this is also true for other social cognitive abilities such as
inferring other’s line-of-sight, visual perspective-taking, or
knowledge attribution. Analyzing the role of gaze-following
in shaping the development of these abilities will shed light
upon the origins of human-unique social cognitive abili-
ties, and in particular how divergences in developmental
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trajectories influence mature social cognitive skills across
species (Rosati et al. 2014).

In conclusion, rhesus monkeys can flexibly model a
demonstrator’s line-of-sight in a neutral gaze-following
context, and do not just reflexively shift attention to match
the direction of other’s gaze. Our findings demonstrate that
even highly despotic primate species are not constrained to
using social cognitive processes in competitive contexts.
However, rhesus monkeys show a low motivation to move
to observe what others can see. This highlights that the abil-
ity to infer where others are looking, and the motivation to
engage in social interactions using such skills, may be dis-
sociated across species. This has important implications for
our understanding of the interplay between tolerance and
social cognition in the evolution of human-unique cogni-
tive abilities that hinge on new forms of tolerant cooperative
interactions in our own species.
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