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ABSTRACT

Dogs are an ideal species to investigate phylogenetic and ontogenetic factors contributing to face
recognition. Previous research has found that dogs can recognise their owner using visual information
about the person’s face, presented live. However, a thorough investigation of face processing
mechanisms requires the use of graphical representations and it currently remains unclear whether
dogs are able to spontaneously recognise human faces in photographs. To test this, pet dogs (N = 60)
were briefly separated from their owners and, to achieve reunion, they needed to select the location
indicated by a photograph of their owner’s face, rather than that of an unfamiliar person concurrently
presented. Photographs were taken under optimal and suboptimal (non-frontally oriented and
unevenly illuminated faces) conditions. Results revealed that dogs approached their owner
significantly above chance level when presented with photos taken under optimal conditions. Further
analysis revealed no difference in the probability of choosing the owner between the optimal and
suboptimal conditions. Dogs were more likely to choose the owner if they directed a higher
percentage of looking time towards the owner’s photograph compared to the stranger’s one. In
addition, the longer the total viewing time of both photos, the higher the probability that dogs chose
the stranger. A main effect of dogs’ sex was also obtained, with a higher probability of male dogs
choosing the owner’s photograph. This study provides direct evidence that dogs are able to recognise
their owner’s face from photographs. The results imply that motion and three-dimensional
information is not necessary for recognition. The findings also support the ecological valence of such
stimuli and increase the validity of previous investigations into dog cognition that used two-
dimensional representations of faces. The effects of attention may reflect differences at the individual

level in attraction towards novel faces or in the recruitment of different face processing mechanisms.
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The recognition of individuals is a widespread, and well-studied, adaptive ability (Mateo 2014;
Yorzinsky 2017). For some species this extends to the recognition of heterospecifics, which may be
advantageous when specific individuals represent sources of threat (e.g. Staples et al. 2008), but also
when they are part of the animal’s social context. A specific case of the latter is the recognition of
people by animals who live in anthropogenic environments. We predominantly achieve recognition of
other people by using visual information about their faces (Barton and Corrow 2016), and the same
ability has been reported in a few domestic species, including dogs (Mongillo et al. 2017), sheep
(Knolle et al. 2017), horses (Proops et al. 2018) and homing pigeons (Dittrich et al. 2010).
Surprisingly, the process seems less efficient in primates; for example, Martin-Malivel and Okada
(2007) found that chimpanzees need extensive exposure in order to recognise human faces. Additional
support for the effect of experience was provided by Sugita (2008) who revealed that infant Japanese
monkeys (which had not previously seen faces) needed exposure to human or monkey faces to
discriminate members of that species, and afterwards they found it difficult to discriminate members
of the unexposed species. On the other hand, Sugita also found that the infant monkeys showed a
sensitivity towards pictures of human and monkey faces before being exposed to faces, and this innate
capacity has also been suggested in avian species (Rosa-Salva et al. 2010) and human neonates
(Buiatti et al. 2019). Limited human face recognition abilities have also been reported for rhesus
macaques and other monkeys (Doufur et al. 2006 and references therein).

Overall, these studies suggest an interplay between two main factors in determining such
ability, namely an adaptive predisposition (most likely resulting from evolutive pressures of
domestication), and an ontogenetic role of exposure to human faces. However, how exactly these
factors and their interaction contribute towards human face recognition abilities in animals remains
unclear. Dogs may represent the ideal species to disentangle the role of such factors: the species
shared the same environment as humans for arguably as long as 33,000 years, thus partly sharing
similar selective pressures (Ovodov et al. 2011). In western countries, most dogs live among human
families, forming enduring relationships with humans (Payne et al. 2015). However, there is large
variability in the dog population in terms of degrees of exposure to human beings, which represents

an ideal condition for the assessment of the effect of experience on the ontogeny of face recognition.
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At the same time, phylogenetic aspects can be investigated by comparing dogs and wolves, an
approach that has already characterised the study of canids’ ability to understand the communicative
nature of some human gestures (Kaminski and Nitzschner 2013).

Dogs’ ability to recognise individual human faces was suggested by a recent experiment of
our group, where dogs located their owner and expressed a discrete behavioural response (i.e.
approach) when presented with their owner’s and a stranger’s faces protruding through openings of a
test apparatus (Mongillo et al. 2017). This study also highlighted how such ability is impaired if head
contours are not visible, but it is unaffected by moderate changes in perspective (e.g. a three-quarters
or tilted upwards/downwards orientation, rather than full frontal), or by the presence of an uneven
illumination. However, a more thorough investigation of face recognition processes requires a
systematic manipulation of the stimuli used in assessment procedures, allowing fine control over
relevant perceptual features, such as movement, illumination, orientation, or visibility of specific face
parts. Such alterations are easily (and often exclusively) achieved by using graphical representations,
rather than live stimuli. In fact, several studies took advantage of photographs to investigate different
aspects of human face processing by dogs, including: the contribution of face parts perception, or of
configural/holistic processing to face discrimination (Huber et al. 2013; Pitteri et al. 2014), the
characteristics of looking patterns when viewing faces (Guo et al. 2009; Somppi et al. 2012, 2014),
the discrimination of human emotional expressions (Nagasawa et al. 2011; Miiller et al. 2015;
Albuquerque et al. 2016; Barber et al. 2016), the cross-modal identification of human features, such
as gender and familiarity (Adachi et al. 2007, Yong and Ruffmann 2015), and neurofunctional
correlates of face perception (Cuaya et al. 2016).

Much as these studies inform us about dogs’ ability to process human face photographs, their
ecological validity would be increased if a demonstration was provided that dogs recognise the real
stimuli in such representations. Evidence of recognition of photographic objects has come from
experiments in a wide range of species (Bovet and Vauclair 2000). However, the same ability may not
extend to all species, nor to all classes of stimuli. For instance, in pigeons learned responses to real
objects can be successfully transferred to photographs of the same objects (Cabe 1976) implying

recognition of those items in their graphical representations. However, pigeons proved unable to
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recognise human faces in photographs, in spite of using face information to recognise the same
individuals when presented live (Dittrich et al. 2010). Therefore, species- and object- specific
assessments are required in order to ascertain an animals’ ability to recognise real items in two-
dimensional (2D) representation. Regarding dogs, only one study provided some indication that dogs
may be able to recognise human faces in photographs, by observing biases in the amount of attention
paid to the owner’s photographs presented in conjunction with an unfamiliar person’s voice (or vice
versa), compared to coherent voice-face pairs (Adachi et al. 2007). However, some authors question
the soundness of quantitative differences in viewing times as an evidence for recognition (Bovet and
Vauclair 2000). Stronger evidence of recognition would be provided by a qualitative difference in
behaviour in response to the presentation of the owner’s face photographs, and under a variety of
viewing conditions.

Therefore, the objective of the current experiment was to determine whether dogs can
recognise human faces in photographs as they do with live stimuli. To this end, we employed a
procedure similar to that we previously used to demonstrate recognition of live human faces
(Mongillo et al. 2017), which involved the presentation of a photograph of the owner’s face along
with that of an unfamiliar person, in two separate locations of a test apparatus and in a variety of
viewing conditions. Dogs’ ability to locate the owner in the different conditions, as indicated by a

spontaneous approach response, was taken as evidence of individual recognition.

METHODS

Subjects

Sixty-five owners and their pet dogs were initially recruited for the study through the University of
Padua’s Laboratory of Applied Ethology database of volunteers. The only restrictions for recruitment
were that dogs had lived with their current owner for the last six months and that they were in good
health condition. Exclusion of dogs (N = 5) who did not show an approach response in the test (see
details of the procedure below), resulted in a final sample of 60 owners (21 men and 39 women) and
their pet dogs (31 males and 29 females; mean age+SD = 5.142.8 years). The length of cohabitation

between dogs and their current owner ranged from 0.5 to 9.2 years, with a mean+SD of 4.3+2.4 years.
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Details about the dogs’ age, breed, length of the relationship and owners’ sex are reported in Table

S1.

Apparatus

The experiment took place in a white room (4.7 x 5.8 m), with the test apparatus erected in the centre
(Fig. 1). The apparatus consisted of a white plastic panel (5 x 2 m) with six openings, three in a row at
ground-level and three above in a row at head height (bottom side at 1.5 m from the ground). The
centre-centre distance between the middle upper window and the one to its left and right was 1 m, and
the windows themselves measured 20 x 30 cm. The centre-centre distance between the middle lower
opening and the one to its left and right was 1 m, and the openings themselves measured 50 x 70 cm.
All openings could be covered easily by curtains whilst standing behind the apparatus. Curtains could
be opened/closed by a person standing behind the apparatus, at either the left or right side, through a

system of ropes and pulleys.

Stimuli
The stimuli consisted of photographs of the dog’s owner’s face and a stranger’s face taken under
different conditions. The strangers were matched for each owner on the basis of features such as their
gender, hair colour, hair length, presence of beard or whether they wore glasses or not. Photographs
were taken with a camera placed at the head level of a medium-sized dog, pointing upwards towards
the face of the person who stood in front of it. The experimental conditions were defined in
accordance with the real-life conditions that allowed recognition in the study by Mongillo and co-
authors (2017).
o In the pre-trial condition a photo of the owner was taken with full flash, orientated frontally
and looking slightly above the dogs’ head, with a smiling expression (Fig. 2 A).
e In the optimal condition both the owner and a stranger were photographed with neutral
expressions, oriented frontally and looking slightly above the dogs’ head, and with even

illumination (Fig. 2 B).
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e In the suboptimal condition both the owner and a stranger (different from the one
photographed in the optimal condition for any given dog) were photographed with neutral
expressions, with one of four possible orientations (i.e. towards the left, right, upwards or
downwards) with light provided from one of four possible directions (from left, right, above
or below) (Fig. 2 C and D). Different combinations of illumination and orientation were

balanced within the sample.

Procedure

Dogs were given 10 minutes to become familiarised with the testing room, and during this time their
owners were given instructions regarding the procedure. Next, the owner and a figurant unfamiliar to
the dog (stranger) dressed in plain dog’s sight in identical white disposable all-in-one suits and blue
plastic shoe covers, to ensure dogs were not able to recognise their owner’s clothes. Following this, an
experimenter led the dog out of the room.

Each dog was presented with only one trial, counterbalanced for condition and side of
presentation across dogs, preceded by a pre-trial (see below). The pre-trial was meant to accustom
dogs to the fact that their owner’s face could appear in the upper windows of the apparatus, and to
show them that they could reach their owner through the lower opening. It was also used to provide
an indication of the dog’s motivation to be reunited with their owner. After the presentation of the
pre-trial, the test trial was presented, featuring either the optimal, suboptimal or control condition, as
described below.

Pre-trials: During pre-trials all of the windows were closed and the owner waited silently
behind the panel in the central opening. The stranger also waited silently behind the apparatus, off
center and ready to operate the curtains covering the central opening. One experimenter led the dog
into the room and positioned it centrally, facing the apparatus. When the dog was looking forwards,
the experimenter said “Okay” and the stranger slid open the upper middle curtain, revealing a
photograph of the owner’s face smiling. After 10 seconds, the stranger opened the lower middle

opening revealing the dog’s owner’s real-life legs and feet. When this happened, the experimenter



187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213

214

said “Go!” and released the dog. When dogs reached their owner, the latter greeted the dog like they
would normally do, for approximately 10 seconds before the experimenter collected the dog and took
it back out of the room. If a dog did not choose to approach their owner through the central door then
they were excluded from further testing.

Optimal and suboptimal condition: During these trials all of the windows were initially
closed. The owner waited silently behind one set of side openings, the stranger waited behind the
other set of side openings and a barrier was placed in between them, perpendicular to the apparatus’
wall, to ensure that dogs could not see or reach their owner if they passed through the apparatus from
the stranger’s side. When the dog was led into the room, the experimenter positioned it centrally and
said “Okay” when the dog was looking straight forward. Following this, the stranger opened the left
and right upper windows’ curtains, revealing both photos at exactly the same time. After 10 seconds
the stranger revealed both the owner’s and stranger’s real-life legs, simultaneously. When this
happened, the experimenter said “Go!” and released the dog, who was free to approach either the
owner or the stranger through the lower window. If dogs did not approach any of the two people
within 30 s from the moment they were released, the trial was considered null and the dog replaced
with another subject, until each condition had been presented to 20 dogs.

Control condition: This condition was included in order to ascertain that dogs were not using
any other cues from their owner to determine their location (e.g. olfactory or auditory). The procedure
was identical to that of optimal and suboptimal trials described above, with the exception that the
stranger did not pull the upper windows curtains open, so no photograph of the owner’s or stranger’s

face was revealed.

Data collection and analysis

Behavioural data was extracted from videos recorded through ceiling mounted CCTV cameras, using
the Observer XT software (version 12.5, Noldus, Groeningen, The Netherlands). Data regarding the
dog’s choice during each trial was coded as a binomial variable, assigning the value of 1 for choosing
the owner and 0 for choosing the stranger. A continuous sampling technique was used to collect data

about the dogs’ head orientations (i.e. right, left and elsewhere), from the moment that the curtains
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were lifted until the dog started to move towards the apparatus. From this, two variables were
calculated, namely the total time the dog spent looking at either photograph before moving, and the
relative amount of such time in which dogs were oriented towards the owner’s photograph. Inter-
observer reliability of data about dogs’ choices was assessed using data collected by a second
observer on all videos, and resulted in a complete agreement between the two observers. Reliability
for head orientation data was assessed using data collected by a second observer on a randomly
selected subset of videos (N = 18, ~30% of the total number); a Pearson’s correlation coefficient of
0.89 was obtained between data collected by the two observers, supporting the reliability of data
collection. The statistical analysis described hereafter was performed on the data collected by the first
observer.

A two-tailed binomial test was run to test the null hypothesis Ho that dogs’ choices were not
different from a chance level of 0.5, when face photographs were visible (optimal and suboptimal
conditions), and when they were not visible (control condition).

Following this, a generalised linear model (GLM) was used to assess the role of various
factors in dogs’ probabilities of choosing the owners in this experiment. Specifically, a binary logistic
GLM model was built, using the dogs’ choices as a binomial dependent variable. In the model, the
following terms were fitted as fixed factors: the condition (optimal, suboptimal, control), the owner
presentation side (left, right) and sex (male, female), and the dog’s sex (male, female). The dogs’ sex
was included because an effect of sex was found in the previous experiment with real life owner face
by Mongillo and collaborators (2017). The interaction between the dog’s and owner’s sex was also
included as a fixed factor, to explore whether a same-sex bias in recognition exists in dogs, as
previously reported in humans (Herlitz and Lovén, 2013). The amount of time dogs looked at either
photograph, and the percentage of such time dogs were oriented to the owners’ photograph were
included as covariates, in order to explore whether overall inspection time and allocation of attention
between the two stimuli affected dogs’ choices. Finally, the length of cohabitation between the dog
and its current owner was included in the model as a covariate, to assess whether the extent of
exposure to the stimulus affected the probability of recognition. All first-order interactions were also

included in the initial model. The final model was obtained by conducting a backwards stepwise
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elimination of non-significant interactive terms. Sequential Bonferroni-corrected comparisons were
performed for levels of factors for which a significant effect was found.
All statistical analysis was conducted using SPSS (ver. 24, IBM, Armonk, New York, USA),

with statistical significance level set at 0.05.

RESULTS

All of the dogs initially recruited for the study readily approached the owner in the pre-trial and were
presented with the choice trial. In the latter, few dogs (N = 5) did not approach either
photograph/lower window within 30 seconds from the moment they were released. Table 1
summaries the frequency with which the 60 dogs who were eventually included in the experiment
approached their owner or the stranger in the optimal, suboptimal and control conditions (individual

dogs’ details about which condition they underwent and how they choose are reported in Table S1).

Table 1 Frequency of choices of the owner or stranger in the optimal, suboptimal and control

conditions.
Condition Owner Stranger
Optimal 15 5
Suboptimal 13 7
Control 10 10

Results of the binomial test rejected the null hypothesis that dogs’ choices were at chance
level during the optimal condition (P = 0.043); conversely, dogs’ choices in the suboptimal condition
(P =0.263) and control condition (P = 1.000) were not different from chance.

Results of the GLM are summarised in Table 2, indicating the effect of factors influencing the
dogs’ choices in all conditions. The model revealed a main effect of the condition, with higher
probability of choosing the owner in both the optimal condition (estimated mean+SE: 0.86+0.08;

lower-upper 95% Confidence Intervals = 0.12-0.60) and in the suboptimal condition (0.74+0.11; 0.61-

10
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0.96) than in the control condition (0.31£0.13; 0.48-0.90; vs. optimal: P < 0.004; vs. suboptimal: P =
0.041). The difference between the optimal and suboptimal conditions was non-significant (P =
0.382). The model also revealed an effect of dogs’ sex, with a higher probability of male dogs
choosing the owner (estimated mean+SE: 0.8140.08; lower-upper 95% Confidence Intervals = 0.60-
0.93) than female dogs (0.47+0.12; 0.26-0.69).

A significant effect was found for the percentage of time that dogs directed towards the owner’s
photo, with higher attention resulting in a higher probability of choosing the owner (B = 0.038, 95%
Confidence Intervals = 0.007-0.069) (Figure 3). Also, it was revealed that the total duration of
attention (s) directed towards either stimulus significantly impacted dogs’ accuracy, with higher
accuracy being associated with shorter total looking times (B = 0.576, 95% Confidence Intervals =
0.143-1.008) (Figure 4). No effect was found for either the length of the relationship or the owners’

SEX.

Table 2. Results of the GLM model, indicating the effect of the condition, the dog’s sex, and attention

parameters on dogs’ probability of choosing the owner test trials; df = degrees of freedom

Factor Wald X df P
Condition 6,768 2 0.034
Time spent looking at either photograph 6.801 1 0.009
% of time spent looking at the owner’s 5.710 1 0.017
photograph

Length of relationship 0.237 1 0.627
Dog’s sex 4.091 1 0.043
Owner’s sex 0.006 1 0.940
Dog’s sex*Owner’s sex 0.089 1 0.766

DISCUSSION

In the current experiment dogs were simultaneously presented with photographs of their
owner’s and a stranger’s face, in different orientations and illuminations, and required to use this
information to locate their owner who was concealed behind their image. The results revealed that

dogs only approached the owner’s location significantly above a 0.5 chance level in the optimal

11
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condition, but with a higher probability than in the control condition in both the optimal and
suboptimal conditions, which were shown to be not significantly different to each other. Analysis of
dogs’ performance in the suboptimal condition is therefore somewhat conflicting, and this could be
the result of the recognition being more difficult to achieve under suboptimal conditions compared to
optimal conditions, since the facial features are less clear. This result was not found in the real-life
version of the experiment by Mongillo and co-authors (2017) where dogs approached their owner at a
level significantly higher than predicted by chance also in the suboptimal condition. However, it
should be noted that the study using live faces included a larger number of dogs than the current
experiment because it used a repeated measures design. In either case, the GLM model is a more
complete and informative analysis, because it also allows us to assess the influence of attentional data,
and for this reason the results from this analysis will be discussed preferentially. On this basis, we will
not discuss the differences between optimal and suboptimal conditions which were covered
extensively in the previous study (Mongillo et al. 2017). Overall these results indicate that dogs are
able to recognise their owner’s face from photographs. This corroborates previous evidence of dogs’
ability to recognise their owner’s face obtained by exposing dogs to real-life faces (Mongillo et al.
2017) and provides support to the ecological validity of face photographs in the study of face
processing by dogs.

While previous research had already demonstrated dogs’ ability to recognise their owner face,
photographs differ from real-life faces in important ways. For instance, in the experiment by Mongillo
and collaborators (2017), faces protruded through the windows after the curtains were lifted, giving
them movement. Knight and Johnston (1997) found that movement enhances recognition compared to
still faces because it facilitates perception about the face’s three-dimensional (3D) structure. Although
it is possible that dogs’ face recognition abilities may benefit from motion cues, the results of the
current experiment indicate that such information is not required for recognition. In fact, the current
experiment suggests that presentation of the actual 3D stimulus is not fundamental information for a
dog in order to recognise a human face. The extent to which dogs’ depth perception is based on
stereopsis (i.e. the disparity in visual information of the same object or scene provided by the two

eyes) has not been scientifically explored. However, dogs’ limited binocular overlap, as determined

12
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by their skull morphology (Miller and Murphy 1995) may imply that stereopsis is scarcely relevant to
depth perception for this species.

Although dogs clearly recognised their owner’s face in photographs, our results do not imply
that dogs realised the photographs were representations of their owner’s face. In fact, we should
consider the more parsimonious explanation that dogs perceived the photograph as if it was their
owner’s actual face rather than its representation, or ‘confusion mode’ (Fagot et al. 2000). Some
evidence that dogs misinterpret 2D representations as real stimuli comes from a study by Fox (1971),
who found that dogs made socially appropriate responses to a life-size dog painting, by spending
more time sniffing at specific body regions (e.g. the groin, tail or ear region). Such modality also
explains responses to photographs in other species, such as picture-naive baboons (Parron et al. 2008)
and tortoises (Wilkinson et al. 2013). Although the ability to perceive photographs as a
representational object has been demonstrated in different taxa, including macaques (Dasser 1987),
sheep (Kendrick et al. 1996) and pigeons (Aust and Huber 2006; Wilkinson et al. 2010), we cannot
take for granted that dogs have the same cognitive ability; moreover, even if such ability was present
in dogs, our data cannot tell whether dogs used it in our experiment, since size, colours and location
of the photographs were designed to emulate the real-life object. Therefore, future research could
investigate this question, for instance by presenting dogs with photos of their owner’s face which
differ in size to their real face or are presented in impossible situations.

Studies conducted in other species, namely sheep (Knolle et al. 2017), horses, pigeons
(Dittrich et al. 2010), and primates (e.g. chimpanzees and rhesus macaques) (Doufur et al. 2006;
Martin-Malivel and Okada 2007) highlighted the potential role of domestication, exposure to humans,
and — for the specific component of recognition from photographs — experience with 2D
representations. Obviously, our results cannot isolate the effect of any of such factors: dogs are the
species with the longest history of domestication and our subjects had extensive exposure to a variety
of humans and it is likely that they were also exposed to 2D representations of reality to some, hardly
quantifiable, extent. However, the present demonstration that dogs are in principle able to perform
face recognition from 2D representations of human faces is a crucial step towards the possibility to

conduct thorough experiments on mechanisms underlying face recognition in animals.
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Analysis of dogs’ looking behaviour revealed that visual attention to the photographs
influenced the dogs’ approach choice: the longer a dog looked at either photograph, and the smaller
the proportion of such time dogs were oriented to the owner’s photograph rather than the strangers’
one, the lower the probability that dogs eventually approached the owner. On the one hand, a possible
level of explanation for these results involves motivational factors: a strong neophilia/explorative
motivation would lead to increased probability of approaching the stranger — a novel stimulus — as
well as to higher motivation to visually explore the stimuli and, particularly, the novel one. Earlier
research indicates that neophilia may be a relevant trait in dogs, suggesting it helped them adapting to
life with humans (Kaulfufl and Mills 2008). The behavioural manifestations of neophilia include both
preferential approach (Kaulfull and Mills 2008) and preferential orientation responses towards novel
stimuli (Racca et al. 2010). The latter study specifically reports dogs' preference for looking at
photographs of novel human faces rather than familiar ones (Racca et al. 2010), supporting a link
between visual attention and approach choice in our experiment. As only a minority of dogs
eventually approached the stranger, it is possible that such motivation is not equally strong in all dogs,
and/or only emerged in dogs who were sufficiently at ease in the experimental situation, in spite of
being separated from the owner. On the other hand, our results may also be grounded in the efficiency
of visual processing, rather than in motivational factors. It is well known that face information can be
encoded by humans through a highly efficient holistic processing (Taubert et al. 2011); in fact,
individual differences in face recognition abilities have been linked to people’s ability to resort to
such mechanism (Wang et al. 2012). There is evidence that dogs can also process human faces
through a configural processing (Pitteri et al. 2014). Therefore, the shorter time spent looking at the
photographs may reflect dogs’ ability to use a quicker and effective configural processing, increasing
their probability of recognising the owner, and hence pay more attention to her/his photograph and
eventually approach her/him. Differences among the dogs in our sample in the recruitment of such
mechanisms may be attributed to different factors. For instance, the likeliness to resort to configural
processing is subject to extensive experience with the specific class of stimuli, as shown extensively

in humans (Richler and Gauthier 2014), and, in a previous study by our group, also in dogs (Pitteri et

14
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al. 2014). Thus, our results may reflect dogs’ experience in using human face as a relevant source of
information to the aims of recognition.

Regarding experience with the stimulus being recognized, this study included only dogs that
had lived with the current owner for more than six months. In fact, the length of the relationship
between dogs and owners spanned between 6 months and about 9 years. Although the study was not
specifically designed to assess the effects of experience, such variable was included in our analysis to
control for a possible effect of exposure to the stimulus on dogs’ recognition abilities. The lack of an
effect suggests that recognition does not improve as a function of specific experience with the
person’s face, at least after a certain extent of exposure has already been attained.

Beyond experience, the observer’s sex can also be a factor determining differences in face
processing and recognition. Sex differences in face recognition have been repeatedly reported in
humans, with females generally outperforming males, especially when recognising same-sex faces
(for a review: Herlitz and Lovén, 2013). Sex differences were also found in the current experiment,
although opposite to what reported for adult humans: greater probabilities of recognizing the owner
were found for male than for female dogs. We did not find any effect of the owner’s sex or of the
interaction between the dogs’ and owner’s sex in face recognition, excluding the existence of a same-
sex bias. The male advantage observed in the present study replicates earlier findings by our group,
where live faces, rather than photographs, were presented (Mongillo et al. 2017). In such study, we
had tentatively attributed the male advantage to a more different processing style adopted by males
and females. In this sense, a parallel exists with human infants, where male infants are believed to
adopt a more holistic processing style than females (Rennels and Cummings 2013). A similar
explanation fits well with the findings of the present experiment: males’ better performance in face
recognition could indeed be rooted in their higher likeliness to recruit an efficient, holistic face-
processing mechanism, in turn supporting the relationship between attention patterns and approach

choice, as suggested above.

Conclusions. The results of the current study provide the first clear demonstration that dogs are able

to spontaneously recognise their owner from photographs of their face. This is an important finding
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since it supports the ecological valence of such stimuli and increases the validity of previous
investigations into dog cognition that have used pictorial representations of human faces. A number of
relevant questions which should be addressed in future studies directly stem from our results. For
instance, it remains unclear whether dogs recognised the photographs as being representations of real
faces, or confused the photographs for the real objects, and the extent to which this ability relies on
dogs’ experience with humans at large, with the specific person and with 2D stimuli. Moreover, it
remains to be clarified if dogs’ recognition abilities extend to other classes of stimuli, such as

conspecifics, or non-living objects.
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FIGURE CAPTIONS

Figure 1. Experimental setup from the dog’s point of view observing photographs of human faces

taken in optimal conditions
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Figure 2. Examples of owner photos used in pre-trials (A), optimal condition trials (B) and two
suboptimal conditions trials: oriented left, illuminated from below (C), oriented right, illuminated

from left (D)

A

Figure 3. Estimated probability of approaching the owner as a function of the relative amount of time
spent looking at the owner’s photograph, expressed as a % of total time spent looking at either
photograph before moving. Black line: linear regression+95% confidence intervals (grey shaded

area).
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Table S1. List of dogs who took part in the experiment. their age. breed. sex. their owner’s
sex and the length of relationship between the dog and owner. the condition which was
administered to each dog and the dogs’ choice.

Dogname Breed Dog’s Age Length of Dog Sex Owner’s  Condition Choice
Relationship Sex
Maggie Golden 1.0 0.8 F F Odor Stranger
Retriever
Mafalda Cocker Spaniel 1.6 1.4 F F Odor Owner
Yupik Mongrel 2.3 2.1 F F Odor Owner
Toffee Mongrel 5.8 5.6 F F Odor Stranger
Ambra Labrador 6.4 4.4 F F Odor Stranger
Retriever
Tavares Bracco Italiano 1.0 0.8 M F Odor Owner
Poldo Mongrel 1.0 0.8 M F Odor Stranger
Austin Mongrel 2.3 2.1 M F Odor Stranger
Rocco Mongrel 2.5 2.1 M F Odor Owner
Myo Mongrel 2.9 2.7 M F Odor Owner
Dilan Mongrel 4.6 3.6 M F Odor Stranger
Oliver Cocker Spaniel 5.9 5.6 M F Odor Owner
Numa Rodhesian 7.1 6.9 M F Odor Owner
Ridgeback
Dali Cao de Agua 9.4 9.0 M F Odor Owner
Rino Cocker Spaniel  12.8 8.8 M F Odor Owner
Boo Australian 6.3 6.1 F M Odor Stranger
Shepherd
Laika2 Mongrel 8.0 7.7 F M Odor Stranger
Grey Border Collie 3.8 3.5 M M Odor Stranger
Blizz Mongrel 5.6 53 M M Odor Owner
Beppe Mongrel 6.8 6.6 M M Odor Stranger
Reina Cecoslovakian 3.2 32 F F Optimal Owner
Wolfdog
Lena Hovawart 4.0 3.7 F F Optimal Owner
Chobe Mongrel 4.7 4.5 F F Optimal Owner
Sabik Whippet 5.0 4.8 F F Optimal Owner
Jay Border Collie 6.5 6.3 F F Optimal Stranger
Mago Mongrel 7.0 7.0 F F Optimal Owner
Dora Mongrel 8.9 8.4 F F Optimal Stranger
Killian Mongrel 2.5 2.0 M F Optimal Stranger
Olly Mongrel 5.1 4.9 M F Optimal Owner
Mango German Spitz 5.4 52 M F Optimal Owner
Momi Mongrel 7.9 2.9 M F Optimal Owner
Mico Mongrel 10.1 7.1 M F Optimal Owner
Laika Mongrel 23 0.5 F M Optimal Owner
Brisky Gloden 5.0 4.8 F M Optimal Stranger
Retriever
Birba Mongrel 5.8 4.8 F M Optimal Stranger

23



551
552

Bianca
Ariel
Bob

Jackie
Leo
Maya
Tina
Nike
Mera
Zoe
Olivia
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