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Behavioural responses to photos are often used to infer what animals understand about their social envi-
ronment, but are rarely validated against the same stimuli in real life. If subjects’ responses to photos do
not reflect responses to the same live stimuli, it is difficult to conclude what happens in reality based on
photo responses alone. We compared capuchins’ responses to photos versus live stimuli in an identical
scenario within research cubicles. Subjects had the opportunity to approach food placed in front of an
alpha group member and, in a separate condition, photos depicting the same individual. Subjects’ laten-
cies to approach food when placed in front of the real alpha negatively correlated with time subjects
spent in close proximity to the alpha in their main enclosure. We therefore predicted subjects’ latencies
to approach food in the presence of photos would positively correlate with their latencies to approach
food in the presence of the real alpha inside the cubicles, but negatively correlate with time they spent
in proximity to the alpha in their enclosure. Neither prediction was supported. While not necessarily
surprising, we explain why these results should be an important reminder that care is needed when
interpreting results from photo studies.
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1. Introduction situations that would otherwise be difficult or impossible to re-

create naturally.

Visual media are widely used to study animal social cognition
and behaviour, particularly how animals perceive, understand, and
respond to social information (Bovet and Vauclair, 2000; Fagot and
Parron, 2010; Fagot et al., 2010). For instance, researchers may
record subjects’ responses to photos or videos depicting social sit-
uations (e.g. the face of a familiar group member, or the perinea
of a sexually receptive female; Bovet and Vauclair, 2000; Schell
et al., 2011). Photos are particularly favoured among researchers
because they are easier than videos to manipulate and control for
specific variables (e.g. colour saturation, size/shape; Rowland and
Perrett, 1995), can be manipulated in a realistic fashion (e.g. plac-
ing photos in a location where the real animal might be found), and
allow researchers to explore subjects’ responses to individuals or
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Throughout the literature, animals’ responses to photos, such
as their spontaneous reactions (e.g. facial expressions, eye gaze)
or their ability to discriminate and categorise social content (e.g.
familiar versus unfamiliar, kin versus non-kin), have been used
to explore animals’ reactions to social stimuli in controlled ways
(reviewed in Bovet and Vauclair, 2000). These data are often inter-
preted as being socially meaningful. For example, baboons (Papio
hamadryas) gaze longer at images of conspecifics’ eyes compared
to images of their mouths and noses, suggesting that the eyes
are the most salient feature of faces for this species (Kyes and
Candland, 1987). European starlings (Sturnus vulgaris) and domesti-
cated sheep (Ovis aries) respond less fearfully and more affiliatively
to images of conspecifics compared to controls (e.g. photos of
humans and landscapes), suggesting that they process and are
attracted to the social content of those images (Vandenheede and
Bouissou 1994, 1995; Perret et al., 2015). Finally, dogs are able
to discriminate between photos of happy versus angry faces of
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humans, suggesting that they are sensitive to humans’ emotional
states (Miiller et al., 2015).

In many of these cases, we can learn quite a lot from photos. For
instance, if an animal discriminates from photos certain individu-
als better than others (e.g. known versus unknown individuals), or
focuses on a particular feature of photos (e.g. the eyes), it can help
researchers identify what aspects of those stimuli are most salient
to the animal. Although we still may not know how the animal
interpreted the photos, the fact that they can, for instance, discrim-
inate a photo of a known individual better than that of a stranger
at least tells us that they better recognize familiar individuals. Even
if they are using non-social cues (e.g. colour preference; D’Amato
and Van Sant, 1988), it may be that they are also using the same
cues in real life to make those discriminations.

Nevertheless, using photos to specifically understand social
cognition and behaviour based on responses to photos alone is chal-
lenging. If subjects do not react to an image as they would a real
animal, then the results do not necessarily tell us anything about
what happens in reality. As such, results can be more ambiguous
without comparing subjects’ responses to the same live stimuli as a
baseline. For example, in cases of spontaneous reactions to photos,
a male subject may be curious or confused about a “frozen” image
of a female conspecific, and therefore spend more time exploring
or gazing at that image; yet, the same response could also be inter-
preted as a sign of sexual attraction—as is often the case in studies
of primates (e.g. Griffey, 2011; Pfliiger et al., 2014; Waitt et al,,
2003; Waitt and Little, 2006). Given the absence of other sensory
cues (noise, smell, movement), there also remains the possibility
that subjects treat social content in photos as inanimate features of
“objects” rather than depictions of socially-relevant stimuli, which,
under certain experimental paradigms (e.g. where spontaneous
reactions are recorded), might affect an animal’s decision-making
on the task, or their motivation to attend to certain features of the
stimuli. Therefore, establishing whether subjects’ responses to pho-
tos reflect their responses to the same stimuli in real life can help
researchers address these concerns.

Researchers very rarely compare animals’ responses to photos
to the same stimuli in real life. For some experimental paradigms,
e.g. in cases where photos are digitally manipulated, this may not
be feasible. However, when it is possible to do so, such a com-
parison may be a useful tool for interpreting the social relevance
of subjects’ responses to photos, particularly where the assump-
tion is that behavioural reactions to photos are equivalent to their
reactions to the same, live stimuli (e.g. testing hypotheses about
mate choice preferences; Griffey, 2011; Waitt et al., 2003; Waitt
and Little, 2006). If subjects respond to photos as they do towards
the same live stimuli, it supports the notion that subjects treat pho-
tos as they do in reality; meaning, behavioural reactions to images
may tell us something about subjects’ perception and understand-
ing of live social stimuli. If, however, subjects’ responses to photos
do not reflect how they respond to the same stimuli in real life, it
suggests that it may not be safe to assume those responses reflect
subjects’ real-life social behaviour and/or socio-cognitive skills. In
suchinstances, results must be interpreted with caution. For studies
that require the use of images, it may be beneficial to include more
sophisticated forms of experimentation, such as fMRI analyses to
identify neural mechanisms, to help interpret the data.

We tested whether brown capuchin monkeys (Sapajus sp., for-
merly Cebus apella; Alfaro et al., 2012) would react to social
stimuli (depicted in photos) as they would the same, live stimuli.
Researchers often use “floating faces”, i.e. an image of a face with
no body, to test social perception in animals (Bovet and Vauclair,
2000; Guo et al., 2003; Pokorny and de Waal, 2009; Griffey, 2011),
but full body images may provide stronger social cues and are the
only direct comparison to a real animal. We therefore gave our sub-
jects the opportunity to approach or avoid food placed in front of

either a floating face (i.e. a cut-out colour photo of a face without
a body) or a full body image (i.e. life-size, cut-out colour photo) of
an alpha member of their own group. Most studies utilizing images
rely on a computerized presentation in which the images depict
animals in locations that real animals never inhabit (e.g. on a com-
puter screen outside the animal’s enclosure). This makes a direct
comparison between photos and real stimuli impossible. There-
fore, in the current study, we presented cut-out printed images of
the alpha to subjects within research cubicles, which enabled us
to test subjects individually under controlled conditions, but in a
location where they were accustomed to seeing real conspecifics
(i.e. other members of their group). Subjects’ responses to the
images were then compared to their latencies to approach food
when the real alpha (the same individual depicted in photos) was
inside an adjacent cubicle, and the total amount of time subjects
spent in close proximity to the real alpha within their group’s main
indoor/outdoor enclosure (i.e. a natural, non-experimental con-
text). Wild and captive studies of brown capuchins have shown that
relatively lower-ranking individuals often avoid close proximity
to higher-ranking group members, presumably to avoid aggres-
sion (e.g. Fragaszy et al., 2004; Janson, 1990; Morton, 2014). We
therefore predicted that subjects’ latencies to approach food in the
presence of photos would be positively related to their latencies
to approach food when the real alpha was inside the cubicles. We
also predicted that subjects’ responses to photos within the cubi-
cles would be negatively related to the amount of time they spent
in close proximity to the real alpha in their main enclosure.

2. Methods and materials
2.1. Study sites and subjects

There were eighteen subjects from two sites. Five juveniles
(between 1 and 4 years old; Fragaszy et al., 2004) and six adults
(>4 years old) were housed at the “Living Links to Human Evolu-
tion” Research Center (LL), UK (Leonardi et al., 2010; MacDonald
and Whiten, 2011). Age of these study subjects ranged from 2.29 to
8.17 years for males (average 4.81 + SD 2.01 years, N=8 capuchins),
and 5.63 to 13.28 years for females (average 9.68 +SD 3.85 years,
N=3 capuchins). The other seven monkeys were adults, and housed
at the Language Research Center (LRC) of Georgia State University,
USA. Age of these study subjects ranged from 7 to 11 years for males
(average 9.3 £SD 2.08 years, N=3 capuchins), and 12 to 18 years
for females (average 15.25 £ SD 3.2 years, N =4 capuchins). Further
details on group composition and animal husbandry at each site are
provided in Section 2.1 of the Supplementary electronic materials.

2.1.1. Subjects’ prior experience with photos

At LL, four adults participated in a study by Griffey (2011), which
took place in 2010 and involved presenting subjects with photos
of the faces of unfamiliar capuchins. One of these adults (Kato)
was also the subject of an eye-tracking study in November, 2012,
whereby he was exposed to photos of unfamiliar and familiar group
members (Living Links, unpub. data). At the LRC, all subjects had
prior experience with a facial discrimination study using photos of
the faces of familiar and unfamiliar conspecifics, which took place
between February and November, 2013 (one female was still par-
ticipating in the facial discrimination study at the time of testing for
this study). All of the previous studies at both sites displayed pho-
tos on computer screens (i.e. pixelated glowing images) and photos
were not to scale. Subjects had never before seen printed photos
of conspecifics nor full body photos like those used in the present
study (Section 2.3). Subjects also had never before been exposed
to photos placed inside the research cubicles where testing for this
study took place.
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Table 1
Summary of each experimental photo condition administered to the Living Links
(LL) and Language Research Center (LRC) monkeys.

Experimental condition Description Study location

Face-Direct Floating face with direct eye gaze LL
Full Body-Direct Full body with direct eye gaze LL
Face-Averted Floating face with averted eye gaze LL and LRC
Full Body-Averted Full body with averted eye gaze LL and LRC
Real Monkey Real monkey in adjacent cubicle LL

2.1.2. Ethical standards

Subjects’ participation in this study was entirely voluntary; they
were able to access the research cubicles via a corridor connect-
ing the cubicles to their main enclosure. This study was approved
by Living Links, the IACUC of Georgia State University, and com-
plied with regulations of the Association for the Study of Animal
Behaviour (ASAB, 2012).

2.2. Photos of monkeys

Subjects were presented with photos of an alpha monkey from
their group. Alpha status was determined based on behavioural
observations including wariness of other group members, how
much aggression individuals received, how many fights individuals
won versus lost, whether they were being sought out for mating,
how many offspring they sired/gave birth to, their level of assertive
behaviour (e.g. manipulative, bold, aggressive) relative to others,
how often they received and gave grooming to others, and their
ability to take food from humans and other monkeys (see Fragaszy
etal., 2004, Lefevre et al., 2014; Morton et al., 2013; Morton, 2014).
The combination of these traits allow for easy and straight-forward
recognition of alpha status among our capuchins. Lefevre et al.
(2014) reported complete inter-rater agreement for alpha status
assignment for the monkeys used in our study, using raters with at
least one year of experience working with the monkeys from their
site.

All photos were taken within six months prior to testing, and
depicted each monkey’s face angled towards the camera (Section
2.2 inthe Supplementary electronic materials). The Face-Direct and
Full Body-Direct conditions used photos depicting the alpha mon-
key’s eyes gazing into the camera, while the Face-Averted and Full
Body-Averted conditions used photos depicting an averted gaze
(Table 1; Section 2.3). Within each group of monkeys, the same test
subjects were all exposed to photos of the same alpha individual.
Photos were printed in colour on xerox paper to reduce glare from
light and mounted on stiff cardboard to avoid bending during the
study. All photos were life-size, which was estimated visually while
the monkeys were inside the research cubicles.

2.3. Experimental conditions

There were five experimental conditions (Table 1). At LL,
the Face-Direct and Full Body-Direct conditions preceded the
Face-Averted and Full Body-Averted conditions. Therefore, the
Face-Averted and Full Body-Averted conditions were replicated at
the LRC to address the possibility that the LL monkeys’ responses
to these conditions were affected by their recent exposure to the
Face-Direct and Full Body-Direct conditions (e.g. habituation to
photos). The LRC subjects did not undergo the Face-Direct and Full
Body-Direct conditions since the sole purpose of their involvement
was to replicate the Face-Averted and Full Body-Averted conditions
among a sample of capuchins that was naive to the study.

The Face-Direct and Face-Averted conditions tested capuchins’
responses to photos depicting a “floating face”; that is, a life-size
colour image of the alpha’s face with no body, displayed on a plain
piece of white 21 x 29.7 cm paper (Fig. 1a). At LL, the photo and
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Fig. 1. Example of (a) a floating face glued to a white sheet of paper and (b) a full
body photo from the LRC.

paper was always taped to the far end of cubicle B at the capuchins’
eye level. At the LRC, the photo and paper was attached to a wooden
stand located 5 cm from the far end of cubicle B, in the same location
as stimuli used in training and to administer the Full Body-Averted
condition.

The Full Body-Direct and Full Body-Averted conditions tested
subjects’ responses to photos of the same alpha monkey shown to
them in the other photo conditions, but depicting a full body image;
that is, a life-size, cut-out colour image of the individual, with full
body and no background (Fig. 1b). The cut-out photo was glued to
cardboard using non-scented glue, and placed upright on a small
wooden stand (not visible to the subject) inside the test cubicle to
give the impression that the monkey was sitting inside the cubicle.
The photo was approximately 5 cm behind the food reward.

2.4. Setup

Training and testing took place inside research cubicles. Each
subject was tested individually. All training/testing trials lasted for
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Fig. 2. Illustration of the experimental setup involving a full body photo administered to monkeys at (a) Living Links and (b) the Language Research Center.

one minute (or up to five minutes at the LRC), or until subjects made
physical contact with the food reward. At no point during this study
did any subject end testing prematurely (e.g. by gesturing to the
cubicle door exit).

Fig. 2a depicts the general setup at LL. The heights and widths of
cubicles A-C were exactly the same (52.1 cm x 51.4 cm); however,
the middle cubicle (cubicle B) was twice the length of cubicles A
and C (cubicle B: 99 cm; cubicle A/C: 49.5 cm). An opaque Plexiglas
sliding door separated cubicles A and B, while a transparent sliding
door separated cubicles B and C. During training and experimen-
tal trials, a subject was closed inside cubicle A. Then, a researcher
would open the opaque door leading into cubicle B, which con-
tained a highly-preferred food reward—a cluster of approximately
six raisins.

Fig. 2b depicts the general setup at the LRC. Cubicles A and
B had the same dimensions (71.12cm in widthx71.12cm in
length x 60.96 cm in height), and were separated by an opaque
Plexiglas sliding door. Similar to the LL setup, during training and
experimental trials the LRC subjects were closed inside cubicle A.
Then, a researcher would open the opaque door leading into cubi-
cle B, which contained a highly preferred food reward (i.e. one full
small grape or half a big grape).

At both sites, care was taken to ensure that subjects were pay-
ing attention and standing at the door leading into cubicle B, i.e.
waiting to enter the cubicle, before the researcher opened it. Dur-
ing all training and experimental trials, subjects were allowed to
enter cubicle B and freely take the food reward. No other food was
given to the subject until the end of the trial. All non-participating
subjects were kept out of the testing area so they would not have
any exposure to the setup prior to their own test.

2.5. Training

2.5.1. Living Links

Training at LL took place between 30 September and 14 October,
2013. In preliminary runs, it was estimated that it would take sub-
jects approximately 2-3 s to walk (at a normal pace) from cubicle A
to cubicle C. Therefore, subjects underwent at least one training trial
per day until their minimum latency to obtain food rewards was
approximately 3 s for three consecutive trials. In all trials, a plain
sheet of white paper (21 cm x 29.7 cm) was taped to the middle of
the door of cubicle B and C, on the cubicle C side. Food rewards were
placed on the floor of cubicle B, approximately 5 cm in front of the
paper. The purpose of the white paper was to habituate subjects to
the presence of a “foreign object” within the cubicles prior to tests
involving floating face images, which also had a white background
(Section 2.3; Fig. 1a).

2.5.2. Language Research Center

Training at the LRC took place between 5 and 12 April, 2014,
and was similar to the LL setup (Fig. 2b). In preliminary runs, it was
estimated that it would take subjects approximately 2s to walk
(at a normal pace) from cubicle A to cubicle B. The shorter times
here were due to the smaller size of the testing area compared
to those at LL. Subjects underwent at least one training trial per
day until their minimum latency to obtain food rewards remained
approximately 2 s for three consecutive trials. As at LL, training was
done with a white piece of paper in the same location as the photos
used for testing; the paper was mounted on a wooden stand located
approximately 5 cm from the far side of the testing chamber.
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2.6. Testing

Subjects underwent each experimental condition only once. At
LL, testing took place between 8 and 28 October, 2013. Conditions
were counterbalanced across testing days such that no more than
half the subjects received the same condition on the same day, and
each monkey underwent no more than two conditions on the same
day.

At the LRC, testing took place between 14 and 15 April, 2014.
Conditions were counterbalanced and subjects were tested only
once per day on each condition.

2.7. Measuring latencies to take food rewards

Sessions were video recorded at both sites; latencies were also
recorded in real time. To test for inter-observer reliabilities, an
independent observer coded 25% of the video data from each site,
and these codings were compared to the latency measurements
recorded in real time for the same exact trials. “Latency to obtain
food” was defined as the time in seconds it took for the subject to
make physical contact with the food reward (e.g. touch with mouth
or hand) after the door separating cubicles A and B began to slide
open. In all trials, the experimenter opened the door in approxi-
mately 1s. Subjects’ latencies during their last trial of training were
used as a “control” condition (i.e. after subjects were fully trained,
but before any experimental stimuli were presented) to compare
to subjects’ responses to each experimental condition; the control
condition would indicate whether subjects were reacting to each
photo stimulus.

2.8. Measuring behaviour towards the real alpha monkey

Using scan sampling methods (Martin and Bateson, 2007), spa-
tial proximity data were recorded at each site within each group’s
main indoor/outdoor enclosure approximately six weeks prior to
the start of subjects’ training. At LL, behavioural observations were
made between 9 and 18 h from 23 August to 3 October, 2013, with
three samples taken each day. At the LRC, behavioural observations
were made between 8:30 and 9h from 28 January to 10 March,
2014, and samples were recorded every three minutes over 30 min,
for a total of 11 samples each week. Any monkey located within one
body length of the sampled individual was identified and noted. At
LL, a total of 92 scans were collected for the East group, and 89
for the West group. At the LRC, a total of 110 scans were collected
for Griffin’s group and 88 scans were collected for Gabe’s group.
All monkeys were sampled equally at both sites. Individual scores
were calculated for each monkey by summing the total number of
samples in which subjects spent in close proximity to the alpha
monkey depicted in the photos.

2.8.1. Validation of the spatial proximity measures

To establish whether spatial proximity was a relevant behaviour
to compare with subjects’ latencies in conditions involving photos,
monkeys at LL underwent a single trial (Real Monkey condition;
Table 1) during which they were required to obtain food when the
real alpha monkey was sitting inside cubicle C. Testing took place
between 11 and 21 October, 2013, and was counter balanced with
the Face-Direct and Full Body-Direct conditions.

2.9. Statistical analyses

Pearson correlations were used to test for inter-observer
reliabilities in measuring subjects’ latencies to approach food. Cor-
relation coefficients r>0.9 were defined as high inter-observer
reliability.

Bootstrapped t-tests were used to test for significant differences
in subjects’ latencies to approach food between training and exper-
imental conditions (Table 1). To reduce the risk of capitalizing on
Type 1 error inflation due to our multiple comparisons, we also
ran one-way ANOVA tests between conditions using a post hoc
Bonferroni correction.

To investigate possible age-related differences in photo percep-
tion (e.g. Schell et al., 2011), bootstrapped Pearson correlations
were used to test for significant associations between age (in years)
and subjects’ latencies to approach food in each photo condition.
Bonferroni corrections were applied to significant results. Age-
related analyses were only necessary for the LL subjects since the
LRC subjects were all adults.

Bootstrapped Pearson correlations were used to test associ-
ations between subjects’ latencies to obtain food in all photo
conditions and the Real Monkey condition, and between photo con-
ditions and the amount of time subjects spent in close proximity to
the real alpha in their main enclosure. Bonferroni corrections were
applied to significant results. Significant differences between the
r-values for conditions involving full body and floating face images
were determined using Fisher’s z-tests.

Fisher’s z-tests were conducted in R (version 3.0.1). All other
analyses were conducted using SPSS 21.0 (SPSS, IBM Corp., Chicago,
USA). Analyses involving each photo condition were conducted
with and without including monkeys with prior photo experience
(Section 2.1). For all bootstrapped analyses, 95% confidence inter-
vals (CI) were generated (with replacement=10,000) using the
bias-corrected and accelerated bootstrap (Efron 1987; Davison and
Hinkley, 1997).

3. Results
3.1. Inter-observer reliability tests

Latency measurements were highly concordant between the
blind observer and the researchers who coded the video data (LL
video: r=0.98, P<0.001, N=20 trials; LRC video: r=0.99, P<0.001,
N=14trials). Thus, latency measurements were considered reliable
at both sites.

3.2. Validation of the spatial proximity measures

Subjects’ latencies to obtain food in the Real Monkey con-
dition (Table 1) were negatively correlated with the amount of
time they spent in close proximity to the alpha within their main
enclosure (r=-0.65, bootstrapped 95% CI=[-0.77, —0.65], N=11);
meaning, subjects who spent less time in close proximity to the
alpha also took longer to approach food when the alpha was inside
the cubicles. Thus, the spatial proximity data were considered a
behaviourally valid measure to compare with monkeys’ latencies
to obtain food in the presence of each photo stimuli (Table 1).

3.3. Differences in latencies between training and experimental
photo conditions

The LL subjects underwent an average of 6 + SD 1.10 training tri-
als in which no photo stimuli were presented. Average latency to
obtain food rewards during the final trial of training was 2.18 +SD
0.75s. During testing with photos, subjects’ average latency to
obtain food rewards was 4.504SD 2.54s in the Face-Direct con-
dition (i.e. floating face with direct eye gaze), 9.54 4+ SD 6.0s in the
Full Body-Direct condition (full body photo with direct eye gaze),
2.05+SD 0.91s in the Face-Averted condition (floating face with
averted gaze), 2.86 +-SD 0.89s in the Full Body-Averted condition
(full body photo with averted gaze), and 10.454+SD 17.11s in the
Real Monkey condition (i.e. the real alpha in an adjacent cubicle).



F.B. Morton et al. / Behavioural Processes 124 (2016) 38-46 43

Table 2
Age-related effects on subjects’ responses to photo stimuli.

Pearson correlations?

r 95% CI°
Face-Direct condition -0.192 [-0.751, 0.773]
Full Body-Direct condition -0.29 [-0.77, 0.463]
Face-Averted condition —0.063 [-0.691, 0.866]
Full Body-Averted condition -0.128 [-0.691, 0.329]

2 Pearson correlations between the LL subjects’ ages (in years) and their responses
to photo stimuli in each condition.
b Bias-corrected and accelerated bootstrapped 95% confidence intervals (CI).

Age did not correlate with subjects’ responses to each photo con-
dition (Table 2). Compared to subjects’ final training session (i.e.
the controlled condition), subjects exhibited on average signifi-
cantly longer latencies to obtain food rewards in the Face-Direct
condition (t=-3.14, df =10, bootstrapped 95% Cl=[-4.15, —0.59]),
Full Body-Direct condition (t = —3.99, df = 10, bootstrapped 95% CI
=[-11.18, —4.09]), the Real Monkey condition (t=-1.63, df=10,
boot- strapped 95% Cl=[-18.64, —1.18]), the Full Body-Averted
condition (t=-2.68, df =10, bootstrapped 95% Cl=[-1.18, —0.23]),
but notin the Face-Averted condition (t=0.38, df = 10, bootstrapped
95% CI=[-0.68, 0.86]). Mean latencies in the Face-Direct condi-
tion were significantly shorter than those in the Full Body-Direct
condition (t=-2.57, df =10, bootstrapped 95% Cl=[-9.70, —1.64]),
but significantly longer compared to the Face-Averted condi-
tion (t=3.75, df=10, bootstrapped 95% CI=[1.41, 3.82]) and the
Full Body-Averted condition (t=2.41, df=10, bootstrapped 95%
CI=[0.55,3.09]). Latencies in the Face-Direct condition were signif-
icantly shorter than those in the Real Monkey condition (t = —1.63,
df = 10, bootstrapped 95% CI=[-19.67, —1.45]). Latencies in the
Full Body-Direct condition were significantly shorter than those
in the Real Monkey condition (t=-1.51, df=10, bootstrapped 95%
CI=[-19.76, —0.77]). Latencies in the Full Body-Direct condition
did not significantly differ from those in the Real Monkey con-
dition (t=-0.17, df=20, bootstrapped 95% CI=[-15.32, 8.49]). A
one-way ANOVA with Bonferroni correction revealed a significant
difference in monkeys’ latencies to approach food across condi-
tions (F(5,60)=2.80, P=0.03). Compared to subjects’ final training
session, subjects exhibited on average significantly longer laten-
cies to obtain food rewards in the Face-Direct condition (mean
difference = —2.32, bootstrapped 95% Cl=[-3.88, —0.83]), the Full
Body-Direct condition (mean difference = —7.36, bootstrapped 95%
Cl=[-11.24, —3.88]), and the Real Monkey condition (mean dif-
ference = —8.27, bootstrapped 95% Cl=[-21.02, —0.71]), but not in
the Face-Averted condition (mean difference =0.14, bootstrapped
95% Cl=[-0.59, 0.89]) or the Full Body-Averted condition (mean
difference = —0.68, bootstrapped 95% CI=[-1.36, 0.03]) (Fig. 3a).
Mean latencies in the Face-Direct condition were significantly
shorter compared to those in the Full Body-Direct condition (mean
difference = —5.05, bootstrapped 95% Cl=[-9.14, —1.55]), and sig-
nificantly higher compared to the Face-Averted condition (mean
difference = 2.46, bootstrapped 95% CI=[1.05, 4.02]) and the Full
Body-Direct condition (mean difference = 1.64, bootstrapped 95%
CI=[0.22, 3.15]). Latencies in the Face-Direct condition did not sig-
nificantly differ from those in the Real Monkey condition (mean
difference = —5.95, bootstrapped 95% Cl=[—-18.92, 1.76]). Latencies
in the Full Body-Direct condition did not differ significantly from
those in the Real Monkey condition (mean difference = —0.91, boot-
strapped 95% CI=[-14.88, 8.31]). Latencies in the Face-Averted
condition did not significantly differ from those in the Full
Body-Averted condition (mean difference = 0.82, bootstrapped 95%
Cl=[-0.01, 1.61]).

At the LRC, subjects underwent four training trials; aver-
age latency to obtain food rewards during the final trial of
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Fig. 3. Average latencies to obtain food rewards in training and experimental con-
ditions among the (a) Living Links monkeys and (b) LRC monkeys. FD—floating face
with direct eye gaze, FBD—full body photo with direct eye gaze, FA—floating face
with averted eye gaze, FBA—full body with averted eye gaze. *—Statistically signif-
icant based on a 95% CI bootstrapped one-way ANOVA with Bonferroni correction.
Error bars represent standard errors from the mean.

training was 1.09 4 SD 0.17 s. Subjects’ average latency to obtain
food was 47.26 +SD 111.53s in the Face-Averted condition, and
146.12 +£SD 146.51s in the Full Body-Averted condition. Com-
pared to subjects’ final training session (i.e. the control condition),
subjects exhibited on average significantly longer latencies to
obtain food rewards in the Face-Averted condition (t=-1.10,
df =6, bootstrapped 95% Cl=[-132.87, —1.08]) and the Full Body-
Averted condition (t=-2.62, df =6, bootstrapped 95% Cl=[—-256.81,
—45.43]), respectively. Latencies in the Full Body-Averted condition
were significantly longer than those in the Face-Averted condition
(t=-1.89, df =6, bootstrapped 95% Cl=[-183.22, —12.83]). A one-
way ANOVA with Bonferroni correction revealed a non-significant
trend in differences between monkeys’ latencies to approach
food in each condition (F(2,18)=3.40, P=0.06). Compared to sub-
jects’ final training session, subjects showed significantly longer
latencies to obtain food rewards in the Face-Averted condition
(meandifference = —46.17, bootstrapped 95% Cl=[-152.97,-1.13])
and the Full Body-Averted condition (mean difference =—-145.04,
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Table 3
Correlations between LL subjects’ responses to each photo condition and real mon-
key conditions.

Real Monkey condition® Spatial proximity®

r 95% CI° r 95% CI°
Face-Direct condition 0.173 [-0.365,0.845] -0.249 [-0.751,0.756]
Full Body-Direct condition  0.149 [-0.449, 0.848] —0.454 [-0.885,0.418]
Face-Averted condition 0.147 [-0.532,0.821] —0.352 [-0.84, 0.505]

Full Body-Averted condition 0.573 [-0.01,0.883] -0.485 [-0.856,0.45]

2 Pearson correlations between the LL subjects’ latencies to approach stimuli in
photo conditions and their latencies in the real monkey cubicle condition.

b Pearson correlations between the LL subjects’ latencies to approach stimuli in
photo conditions and time spent in close proximity to alpha in main enclosure.

¢ Bias-corrected and accelerated bootstrapped 95% confidence intervals (CI).

bootstrapped 95% Cl=[—249.95, —37.94]); however, latencies in
the Face-Averted condition did not significantly differ from those in
the Full Body-Averted condition (mean difference =—-98.86, boot-
strapped 95% Cl=[-220.89, 27.67]) (Fig. 3b).

3.4. Responses to photos versus real monkeys

At LL, subjects’ latencies in photo conditions were not signif-
icantly related to their latencies to approach food in the Real
Monkey condition nor the amount of time individuals spent in close
proximity to the alpha within their main indoor/outdoor enclo-
sure (Table 3). Correlation coefficients did not differ significantly
between the Face-Direct and Full Body-Direct conditions (z=0.46,
P=0.65), and between the Face-Averted and Full Body-Averted
conditions (z=0.34, P=0.73). For all analyses, significance did not
change when the four monkeys with prior photo experience were
excluded (Table 1 in the Supplementary electronic materials).

At the LRC, the amount of time subjects spent in close proxim-
ity to the alpha within their main enclosure was not significantly
related to subjects’ latencies in the Face-Averted condition (r=0.10,
bootstrapped 95% CI: [-0.69, 0.99]) or in the Full Body-Averted
condition (r=-0.47, bootstrapped 95% CI: [-0.93, 0.03]). The cor-
relation coefficients from the Face-Averted and Full Body-Averted
conditions did not significantly differ (z=0.85, P=0.40).

4. Discussion and conclusions

Questions about the ecological validity of using photos to study
animal cognition and behaviour have already been reviewed in pre-
vious work (e.g. Fagot and Parron, 2010; Fagot et al., 2010; Bovet
and Vauclair, 2000; Waitt and Buchanan-Smith, 2006). Our study,
however, provides a rare test of the ecological validity of these
methods by comparing subjects’ behavioural reactions to social
content depicted in photos with their behaviour towards the same
social stimuli in real life. Contrary to our predictions, capuchins’
responses to photos did not reflect their behaviour towards the
real stimuli.

As previously discussed, wild and captive studies of brown
capuchins show that relatively lower-ranking individuals often
avoid close proximity to higher-ranking group members, presum-
ably to avoid aggression (e.g. Fragaszy et al., 2004; Janson, 1990;
Morton, 2014). This is particularly true in competitive situations,
such as instances where two or more individuals are presented with
a potentially monopolizable food source (as in the present study).
The purpose of our testing whether latency to approach food was
reflective of proximity to the alpha in the monkeys’ main enclosures
served only to demonstrate the behavioral validity of the measure,
and thereby confirm what previous studies have already reported
for alpha-subordinate capuchin relationships. Subjects’ latencies to
approach food inside the research cubicles when in the presence of
the real alpha were negatively correlated with the amount of time

subjects spent in close proximity to those individuals within their
social group, i.e. a natural non-experimental setting. These results
are consistent with previous work on wild and captive capuchins.
Thus, while subjects at LL may have perceived the Plexiglas doors
of the cubicles as a protective barrier to the photo stimuli and real
monkey conditions (which were all placed in adjacent cubicles),
latency to approach food inside the cubicles was an ecologically
valid behaviour to compare with data on spatial proximity within
their main enclosure.

Excluding monkeys with prior photo experience had no effect
on the significance of the results and, as previously discussed, the
experimental design of this study was completely novel to all sub-
jects (Section 2.1). There were also no age-related differences in
juveniles’ and adults’ responses to photos. Therefore, prior photo
experience and developmental differences in photo perception
cannot explain our results (e.g. Rosenfeld and Van Hoesen, 1979;
Schell et al., 2011).

At LL, subjects’ responses in the Face-Direct were shorter com-
pared to their responses to the Full Body-Direct condition. Also,
at the LRC, subjects responses to the Face-Averted condition were
shorter compared to their responses to the Full Body-Averted
condition. Such findings may be due to the fact that the float-
ing face conditions were considerably smaller. Capuchins may
have approached the full body conditions more slowly possibly
because they were acting more cautious and/or were more curi-
ous or distracted by the larger stimuli. Regardless of why, however,
capuchins may have needed more time to process the visual infor-
mation in front of them, hence why they showed longer latencies
to approach the food reward in those conditions.

AtLL, subjects’ responses in the Face-Direct and Full Body-Direct
conditions differed significantly from their responses to the Face-
Averted and Full Body-Averted conditions. One possibility is that,
like most Old World primates, direct eye gaze is perceived as a
threatening gesture among capuchins, and therefore the capuchins
of our study showed longer latencies to approach photo conditions
with direct eye gaze compared to photos with averted eye gaze.
Alternatively, the monkeys may have quickly become habituated
to photos with repeated exposure (see Fagot and Parron, 2010;
Rosenfeld and Van Hoesen, 1979), which could have affected the LL
monkeys’ latencies during the Face-Averted and Full Body-Averted
conditions (which were presented to them after the Face-Direct and
Full Body-Direct conditions). Nevertheless, regardless of the under-
lying reason for these results, the LRC subjects were only presented
with the Face-Averted and Full Body-Averted conditions, yet they
did not respond to photos as they did towards the same individ-
uals in real life. Therefore, any possible effects of habituation are
unlikely to have affected our ability to test the main hypotheses of
this study.

The angle between the observer and each test subject meant that
we could not always determine the exact time when subjects first
made visual contact with the photos, which may have affected our
latency calculations. However, it seems unlikely, albeit not entirely
possible to rule out, that the monkeys did not detect the photos
upon entering the cubicles. For one, experimenters waited until
subjects were looking in the direction of cubicle B before opening
the door. Second, monkeys were trained prior to testing so they
knew where to look for food in the cubicle (which we placed near
each photo). Lastly, based on eye gaze and head angle, it was clear
that in all trials, subjects were viewing the general direction of the
photos as they approached the food. A large, conspicuous and novel
object placed in close proximity to the food would very likely have
captured their attention.

Several reasons might explain why the capuchins in this study
did not respond to the stimuli in photos in the same way as they
did to real life animals. The most obvious reason is that in the
absence of other sensory cues like noise, movement, and smell,
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subjects were fully aware that the photos were not real and thus
did not respond to them as such. Second, our subjects may have
been deterred by the photo stimuli. There is a phenomenon in both
humans and other primates called the “uncanny valley,” in which
subjects respond with notable aversion to stimuli that are too life-
like (Mori, 1970; Steckenfinger and Ghazanfar, 2009). It is possible
that in our effort to create extremely lifelike images, we inadver-
tently created images that were perplexing or off-putting. The fact
that subjects’ latencies were substantial in the case of full body
images may indicate that this effect, or something like it, influenced
our results. Third, of course, it is possible that there is something
fundamentally different about how capuchins process photos com-
pared to real conspecifics, which could explain why our subjects
had very different behavioural reactions to images compared to
the real animals. This is perhaps the most troubling conclusion and,
for reasons already discussed (Section 1), should be an important
reminder that care is needed when interpreting animals’ responses
to photos. For example, Fagot et al. (2010) propose three levels
of pictorial processing in animals: (1) confusion (i.e. the animal
responds to the photo as if it were real), (2) independence (i.e. the
animal makes no connection between the image and its content),
and (3) equivalence (i.e. the photo is “read” as a representation of
its referent, but is not perceived as the real thing). As noted pre-
viously, capuchins appear capable of recognizing conspecifics in
photos (Pokorny and de Waal, 2009), and therefore are unlikely
to perceive photos independent of their content. Also, since our
study subjects did not respond to photos as if they were real indi-
viduals, it suggests that photos do not elicit a confusion response
in these animals. Although further research is needed, these find-
ings collectively suggest that capuchins may process photos under
an “equivalence” mode as defined by Fagot et al. (2010) (see also
Truppa et al., 2009), and therefore did not treat them as “real
animals”.

The purpose of replicating the Face-Averted and Full Body-
Averted conditions with the LRC monkeys was to test our
hypotheses involving these conditions within a sample of monkeys
who were completely naive to the study and its methods. In other
words, due to possible order effects at Living Links, by replicating
these conditions (which were administered to the LL monkeys after
the Face-Direct and Full Body-Direct conditions) we could test our
hypotheses in the relative absence of any bias due to order effects.
While indeed site differences in variables like subjects’ age, hous-
ing condition, relationship quality toward their group’s alpha, and
prior experience with photos may underlie the observed differ-
ences found between the LL and LRC monkeys’ responses to the
Face-Averted and Full Body-Averted conditions, our main point
remains: If monkeys (in general) respond to photos in a way that
reflects how they respond to the same stimuli in real life, then
monkeys from both sites should have done so. This was not the
case in the present study, and only furthers our argument that it is
essential that researchers remain cautious when interpreting the
behavioural and cognitive underpinnings of their animal subjects’
responses to photos.

4.1. Future directions

Photos may enable researchers to identify particular aspects of
animal social cognition and behaviour that would otherwise be
difficult to test in real life, particularly natural settings. For exam-
ple, in the case of primate eye gaze, lower-ranking individuals
may not have the opportunity or the willingness to closely study
the face of an alpha due to the associated risks (i.e. conflict from
direct eye gaze; Hauser, 1996; van Hoof, 1967). However, based on
our example, we believe that it is very important to use caution
when interpreting the social relevance of such results since it is
unclear what aspects of photo stimuli those animals are using when

deciding how to behave. As previously discussed, it is rare for
researchers to compare subjects’ responses to photos with the same
stimuli in real life. Further work is therefore needed to determine
how animals interpret the social content of photo stimuli.

It would be interesting to test whether monkeys are more likely
to respond to photos as they would live stimuli when exposed
to a less or non-competitive situation. Capuchins likely rely on
using social cues to gauge whether or not they should approach an
alpha group member, and as we already have discussed, the lack of
certain cues in photos (e.g. movement, smell) may result in differ-
ent behavioural responses compared to when the real individual
is present. This may not be the case in a non-competitive situa-
tion, where the subjects may not be as concerned or as focused on
the movements and eye gaze of the alpha. Testing a similar set of
conditions in a less competitive context could potentially result in
different findings related to similarities and differences between
photos and real stimuli.

An important limitation to our study is that with only a small
number of participants in this study, statistical power may have
been too low to detect significant differences between subjects’
responses to photos and their responses to the same stimuli in
real life. We attempted to reduce this risk by bootstrapping our
analyses (Brownstone and Valletta, 2001). However, due to the low
sample size, and the fact that this study was conducted on a sin-
gle nonhuman primate species, our study should only serve as a
stepping-stone for future studies to discuss and improve upon. We
strongly encourage further work using a larger sample of partici-
pants, ideally covering a range of species that differ in their sensory
perception (e.g. birds, dogs, rodents, primates).

Printed photo stimuli were used in this study in an attempt to
provide a direct comparison to our real monkey condition within
the cubicles. We encourage further work on a broader range of
experimental conditions, particularly computerized presentation,
which are commonly used by researchers but rarely placed in “real-
istic” locations (e.g. on a table placed outside the testing cubicle).

Although our study focused specifically on photos, we encour-
age similar work on other types of visual media, particularly videos.
Unlike photos, videos are of course more realistic in terms of their
depiction of motion and sound, which in turn may increase their
ecological validity to test subjects. For instance, Shimizu (1998)
found that male rock doves (Columba livia) respond to videos
of female conspecifics using similar displays compared to their
behaviour towards the same females in real life. Collectively, we
look forward to future work that will highlight the best ways of
using visual media technology to study animal social behaviour and
cognition.
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