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Abstract The purpose of this study was to assess the
visual processing of global and local levels of hierarchical
stimuli in domestic dogs. Fourteen dogs were trained to
recognise a compound stimulus in a simultaneous condi-
tioned discrimination procedure and were then tested for
their local/global preference in a discrimination test. As a
group, dogs showed a non-significant trend for global
precedence, although large inter-individual variability was
observed. Choices in the test were not affected by either
dogs’ sex or the type of stimulus used for training. How-
ever, the less time a dog took to complete the discrimina-
tion training phase, the higher the probability that it chose
the global level of test stimulus. Moreover, dogs that
showed a clear preference for the global level in the test
were significantly less likely to show positional responses
during discrimination training. These differences in the
speed of acquisition and response patterns may reflect
individual differences in the cognitive requirements during
discrimination training. The individual variability in glo-
bal/local precedence suggests that experience in using
visual information may be more important than predispo-
sition in determining global/local processing in dogs.
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Introduction

In most natural situations, the task of visual processing is to
respond to a given input, but it is also that to select which
parts of such an input are to be perceived, attended to and
processed. Since Navon’s first experiments (Navon 1977),
a central issue in humans’ visual perception has been
hierarchical processing of wholes and their component
parts. Evidence supporting the hypothesis that humans tend
to process first the global form of hierarchical visual pat-
terns has been reported in several studies (Kinchal and
Wolf 1979; Lamb et al. 1990; Kmichi 1992, 1998; see also
Wagemans et al. 2012, for a recent review on conceptual
and theoretical foundations). This global precedence in
processing images is viewed as a flexible, economical
mechanism, probably emerging in humans during the
evolution of visual cognition. Accordingly, other condi-
tions being constant, non-human primates show a greater
tendency to local precedence: this is evident in monkeys
(Fagot and Deruelle 1997; Deruelle and Fagot 1998;
Hopkins and Washburn 2002; Spinozzi et al. 2003; De
Lillo et al. 2005; Spinozzi et al. 2006) more than in apes
(Fagot and Tomonaga 1999; Hopkins and Washburn 2002).
Comparative studies in other species have been conducted
in pigeons (Fremouw et al. 1998, 2002; Cavoto and Cook
2001; Goto et al. 2004) and fishes (Truppa et al. 2010)
although, to the best of our knowledge, the phenomenon
has never been studied in mammals other than primates.
Within the same species, the relative efficacy of global
and local processing can be modulated by varying the
experimental procedure (i.e., duration of stimulus presen-
tation, size of global form, size and density of local ele-
ment, primed allocation of attention at one particular
level). The effect of individual characteristics on global/
local precedence is also well documented in humans.

@ Springer



870

Anim Cogn (2014) 17:869-877

Greater local than global bias has been reported in women
(Roalf et al. 2006), children and adolescents (e.g. Sherf
et al. 2009), the elderly (e.g. Lux et al. 2008) and people
with neurological disorders. However, the role of individ-
ual characteristics on global/local precedence has not yet
been studied in animals. Notably, the domestic dog has
been proposed as a valuable animal model for Alzheimer’s
disease (Adams et al. 2000) and attention-deficit hyperac-
tivity disorder (ADHD; Hejjas et al. 2007), two conditions
affecting global precedence in humans (Slavin et al. 2002;
Song and Hakoda 2012). In this respect, analysis of the
relative readiness to process global/local aspects in healthy
adult dogs is necessary for future studies in dogs affected
by such disorders.

Given its history of domestication, the dog is a good
candidate for comparative studies on visual cognition. A
substantial body of literature shows that dogs can use
visual information to engage communicative processes
with humans (e.g. Hare et al. 2002; Mikldsi 2007; Topal
et al. 2009; Horn et al. 2012; Buttelmann and Tomasello
2013). In this context, analysis of visual signals must
prevail over other sensory modalities, since olfactory
communication is limited in humans and human auditory
signals are mainly semantic and need specific learning by
dogs. The sophisticated inter-specific social skills of dogs
are thought to be a case of convergent evolution with
humans (see Mikldsi and Topal 2013, for a recent review).
If this is so, a global advantage in processing visual
information may have emerged in dogs.

To date, our knowledge about canine vision mainly
concerns dogs’ ability to detect light, colours and motion
(Miller and Murphy 1995; Murphy et al. 1997; Pretterer
et al. 2004); very little is known about their higher-order
processing of visual information. Most data on visual
cognition in dogs come from behavioural experiments on
two-dimensional images. Although little is known about
dogs’ ability to perceive elementary shapes (Miller and
Murphy 1995), there is an increasing number of studies on
their use/inspection of two-dimensional images represent-
ing social stimuli, in particular faces. Dogs extract impor-
tant features from such images, since they can associate
visual and auditory information (i.e., the picture and the
voice of their owner; Adachi et al. 2007), differentiate
individual facial cues of dogs and humans (Racca et al.
2010; Huber et al. 2013), identify various emotional states
of the same person (Nagasawa et al. 2011) and use life-
sized images of pointing humans to solve simple commu-
nication tasks (Pongracz et al. 2003). More impressively,
Range et al. (2008) trained dogs to classify natural visual
stimuli (dog/landscape pictures) according to a perceptual
response rule. The spontaneous two-dimensional image
discrimination ability of dogs has been tested with a nov-
elty preference paradigm (Racca et al. 2010) and contact-
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Table 1 Characteristics of dogs and S+ assigned to each dog

Name  Sex Age Breed Size S+
(years) (cm)
Amy F 2 Golden retriever 55 X
Kim F 3 Crossbreed 60 o
Lana F 2 Crossbreed 56 X
Molly F 3 Crossbreed 42 X
Stasi F 6 Crossbreed 40 (6]
Unca F 2 German Shepherd 55 (0]
Spigola F 8 Crossbreed 40 (6]
Ares M 2 Crossbreed 62 X
Charlie M 6 West Highland White 38 o
Terrier
Cuzco M 3 Border Collie 60 X
Kobe M 7 Beagle 41 (6]
Oliver M 5 Crossbreed 45 X
Rey M 6 Border Collie 57 X
Rino M 7 Cocker spaniel 43 (0]

F female, M male; size is expressed as height at the withers; X S+
presented in Fig. 2a, O S+ presented in Fig. 2b

free eye movement tracking (Somppi et al. 2012). Dogs
inspect images by focusing on the informative regions of a
figure (Somppi et al. 2012), and their gaze behaviour vary
according to the type of image (Guo et al. 2009; Racca
et al. 2010, 2012; Somppi et al. 2012). It has also recently
been observed that reducing the informational richness of
visual stimuli decreases dogs’ discriminative ability when
they are presented with pictures of human heads (Huber
et al. 2013). Interestingly, in that study, only 20 % of the
dogs were able to discriminate between a picture of their
owner and that of another familiar person, when the
internal parts of the face were presented instead of the full
head. The above authors argued either that dogs use global
features to discriminate human faces or that they receive
little help from internal facial features. Overall, these
findings indicate that parts of an image or their position
may be important factors in dogs’ spontaneous allocation
of visual-spatial attention and visual discriminative ability.
Although other mechanisms may be involved, the sponta-
neous allocation of attention to a particular level of a
stimulus seems to be a key factor in explaining differences
in global/local processing (De Lillo et al. 2011).

The purpose of the present study was to assess the visual
processing of global and local dimensions of hierarchical
stimuli in domestic dogs. In the absence of previous studies
on dogs, our experimental procedure was adapted from that
of studies on other non-human animals. Since comparative
studies typically use stimuli with global shapes formed by
the spatial arrangement of small local shapes, similar
Navon-type stimuli were used in our experiments. We first
trained dogs to discriminate a compound stimulus
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Fig. 1 Video stills: a front part of apparatus during presentation of
two stimuli in discrimination phase; dog is gently restrained by
operator in starting position; b back of apparatus during inter-trial
interval, with operator preparing stimuli for next trial

characterised by a clear-cut two-level hierarchy and then
tested them for their local/global preference in a visual
discrimination test. As a further control on dogs’ ability to
extract information from local shapes, in the last phase of
the procedure, the dogs were retrained to discriminate
between two stimuli differing only at local level.

Materials and method

Subjects

Dogs’ characteristics that are known to affect global/local
precedence in humans (i.e., age, sex and health status) were

Fig. 2 Representations of stimuli used in various training and test
phases. a or b = S+ used throughout study; ¢ = set of S— used in
consistent training; d = stimuli used in test trials; e = set of S— used
in local training for dogs trained with a; F' = set of S— used in local
training for dogs trained with b

carefully checked for the present study. The sample was
composed of 14 adult family dogs 4.4 + 2.2 years old and
balanced for gender; Table 1 lists their characteristics. All
dogs were recruited from University of Padova students
and employees, who took part in this study on a voluntary
basis. Prior to inclusion, the dogs underwent physical and
behavioural veterinary examinations, to exclude overt
medical conditions that might have influenced the study.

Experimental setting

The test apparatus (Fig. 1) consisted of a rectangular
wooden panel (140 x 150 cm) with two symmetrical
vertical metallic tracks mounted on it at 14 cm from the
side edges. Rectangular frames (35 x 23 cm) made of two
overlapping transparent acrylic panels and containing the
visual stimuli were made to slide along the tracks. To allow
the dogs to see and touch the stimuli properly, the height of
presentation was adjusted for each animal, so that the
centre of the stimulus was level with the dog’s eyes.
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A dog mattress was placed at a distance of 130 cm from
the apparatus, a chair for the experimenter was placed
beside the mattress, and a plastic bowl, used as a reward
zone, was placed 100 cm behind the mattress.

The experimental stimuli were two-dimensional hierar-
chical compound images (Fig. 2), composed of 13 identical
figures (local elements), spatially arranged to form one
larger figure (global element). The density of local shapes
within a stimulus was similar to that used for primates
(Fagot and Tomonaga 1999; Spinozzi et al. 2003). The size
of the shapes was established according to current knowl-
edge of canine visual acuity (Miller and Murphy 1995;
Murphy et al. 1997). Depending on the experimental phase
(see below), the stimuli could be either consistent (Fig. 2a—
¢) or inconsistent (Fig. 2d—f) between their global and local
elements. The stimuli were printed in black ink on white
A4 sheets of paper, the total black area being identical
across all stimuli (87.50 cm?). Stimuli were created with
Adobe® Tllustrator® CS4 (14.0.0, © Adobe Systems Inc.
1987-2008).

Experimental procedure

The experiment consisted of a pre-training phase, a con-
sistent training phase, the test and a local training phase.
The dogs underwent sessions of 20 (pre-training and
training phases) or 25 (test) trials for a maximum of four
sessions per day with inter-session intervals of at least
30 min. On average, the dogs were involved in the
experiment for 4.2 + 0.9 days a week.

One operator sat behind the apparatus, unseen by the
dog, and controlled the presentation of the stimuli. The
experimenter sat on the chair and handled the dog. At the
beginning of each trial, the dog was told to sit on the
mattress and was gently restrained by its collar by the
experimenter. When the dog was sitting and visually ori-
ented towards the apparatus, the experimenter said “Ok!”
and the two stimuli were presented. To avoid any unin-
tentional influence on the dog’s choice, the experimenter
closed his eyes, waited for 3 s, and then told the dog to
“Go!” and released it. If the dog approached and touched
the positive stimulus (S+4), the experimenter actuated a
click and rewarded the dog, while the stimuli were
removed. If the dog touched the negative (S—) stimulus (or
the empty frame in the pre-training phase), the experi-
menter said “Up!” and the stimuli were removed, and the
dog was called back to the starting position for the next
trial. If the dog did not approach the stimuli within 60 s, or
moved away from the apparatus, the stimuli were removed,
the dog was called back to the starting position (if it had
moved), and the trial was repeated.

The learning criterion to complete one phase success-
fully and proceed to the next one was set at 85 % correct
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choices in three consecutive sessions (i.e., 51 correct trials
out of the last 60).

In each training session, the side of presentation of S+
was semi-randomised, with the constraint that it could not
be presented on the same side for more than three con-
secutive trials and that right/left presentations were bal-
anced within the session.

Pre-training

The dogs were first conditioned to approach and touch with
the snout a single stimulus which was leaning on a wall
after hearing the “Go!” signal. One out of two possible
positive stimuli was chosen (Fig. 2a, b; Table 1). The lit-
erature shows that global or local information bias can be
altered by varying the features of the stimulus, such as the
spatial arrangement pattern of its elements (e.g. Kmichi
1992). To reduce the possibility of biased results due to the
particular aspect of a given pattern, two positive stimuli
were used, with very distinctive distribution of local ele-
ments around the centre of the image, i.e., a cross and a
circle. Once the dogs had learnt to touch the stimulus
reliably and without hesitation when the “Go!” signal was
given, standardised sessions of 20 trials were begun, as
described in the general procedure. Only S+ was presented
in these trials; the frame on the opposite side was empty.
When the dogs had achieved the learning criterion, they
were admitted to the next phase.

Consistent training

The dogs were trained to recognise a consistent stimulus
(S+) in a simultaneous conditioned discrimination proce-
dure. Sessions involved 20 trials, during which the con-
sistent S+ and one of the five consistent S— were
presented, as described above. For any given dog, the S+
was the same as that used in the pre-training phase; the set
of S— was the same for all dogs (Fig. 2¢), and each S— of
the set was presented four times within the session. Upon
reaching the learning criterion, the dogs moved on to the
next phase.

Test

The dogs underwent sessions of 25 trials each, 20 of which
were identical to those described in the consistent training
phase. They had to maintain the 85 % correct responses
criterion in these trials; otherwise, they had to repeat the
previous training phase. The remaining five trials were
tests, presented once every five trials, starting from trial
nine. In the test trials, the dogs were presented with two
inconsistent test stimuli (Fig. 2d), of which one (G) showed
the same global element as S+ and local elements never
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seen before. Conversely, the other stimulus (L) was com-
posed of the same local elements as S+, forming a global
element never seen before. The dogs were always rewarded
in the test trials, regardless of their choice. Four test ses-
sions were performed, for a total of 20 trials. Right/left
presentations of G and L were balanced within session.

Local training

This phase was performed after the test phase, to ascertain
that the dogs were able to use the local elements of the
compound forms to discriminate between stimuli and
ensuring that their choices in the test trials were not
affected by any inability to perceive the local elements.

The procedure was identical to that of the consistent
training phase, with the exception that S— (Fig. 2e or f)
differed from S+ only at local level.

Data collection and statistical analysis

All experimental phases were video-recorded by CCTV
(WV-GP250, Panasonic, Osaka, Japan) for subsequent data
collection.

Data on the duration of sessions and response latency
(time between the dog’s release and its choice of stimulus)
were extracted from videos with The Observer®*" soft-
ware (Noldus Information Technology, the Netherlands).
In each training session, mean latency was calculated as the
mean of data of trials 1, 10 and 20, and the number of S+,
S— and left and right choices was collected. For the test
phase, mean latency was measured as the mean of all 20
test trials, and the side and type (G or L) of the test stimulus
chosen in each trial were recorded.

To assess whether the use of different positive stimuli
affected the speed of learning in the consistent training, an
independent-samples Student’s ¢ test was used to compare
the number of sessions needed to reach the learning crite-
rion between the two groups of dogs that used different
positive stimuli.

To assess whether an overall prevalence for G or L was
present in our sample, we performed a right-tailed Stu-
dent’s ¢ test on the dogs means for the type of choice
(0 =L, 1 = G) expressed in the 20 test trials, testing the
null hypothesis HO that the mean was equal to or lower
than 0.5. Also, we computed the probability that the true
mean for the type of choice was in the range between 0.501
and +o0. A binary logistic regression model (Allison 2001)
was then used to analyse whether the logit of choices for G
in the test phase was significantly affected by factors such
as dogs’ sex, side of presentation of G, type of S+ used and
speed of learning in consistent training. The dependent
variable was a dichotomous categorical variable
(1 = choice of G; 0 = choice of L); explanatory variables

were dogs’ sex (female/male), side of presentation of G in
each test trial (left/right), type of S+ used (X/O) and
number of sessions required to reach the learning criterion
in the training phase. The dog’s identification number was
added to the model as a random effect.

All statistical analyses were performed with Statistical
Analysis System software (SAS Institute Inc. SAS/STAT®
9.2 User’s Guide, Cary, NC: SAS Institute Inc., 2008).
Statistical significance was set at 5 % for all tests.

Results

Sessions lasted on average 7.6 & 2.4 min in the training
phases and 8.4 + 1.9 min in the test phase.

The dogs showed a great degree of variability in the
speed of acquisition of the task in the consistent training
phase. The number of sessions needed to reach the learning
criterion in this phase ranged from 5 to 36, average
16.7 &+ 10.4. No difference was detected in the number of
sessions needed to reach the learning criterion between the
two groups of dogs that used different S+ (¢, = —0.977,
P = 0.348). The average response latency in the trials of
this phase was 4.0 £ 2.8 s.

In the test phase, all the dogs maintained the learning
criterion of 85 % correct responses. The average response
latency of test trials was 9.9 + 22.2 s. As a group, dogs
chose the G test stimulus 164 times versus 116 choices for
the L test stimulus; a right-tailed #-test could not reject, at a
level of significance P < 0.05, the null hypothesis that the
mean of choices expressed by dogs in the 20 test trials was
less than or equal to 0.5 (#;3 = 1.25, P = 0.11). The
probability that the true mean for the type of choice was
greater than 0.5 was 81 %, suggesting that a tendency
towards a global precedence may exist. The binary logistic
regression model indicated that choices in the test phase
were not affected by dogs’ sex, side of presentation of G or
type of S+ used for consistent training. A significant effect
was detected for the speed of acquisition of the consistent
training; specifically, a lower number of sessions to reach
the learning criterion were associated with a higher prob-
ability of choosing G in the test trials (Table 2).

Considered individually, six dogs chose G significantly
above chance level (i.e., 15 or more global choices, two-
tailed P < 0.05, binomial test), four chose L significantly
above chance (15 or more local choices), and the remaining
four did not show any significant preference. Accordingly,
they were classified as ‘global’, ‘local’ or ‘uncertain’ dogs,
respectively. A binary logistic model was then used to
examine whether global, local and uncertain dogs had used
a positional response modality in the training phase. The
dependent variable of the model was a dichotomous cate-
gorical variable which identified each consistent training
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Table 2 Results of the binary logistic regression model showing the effect of dogs’ sex, side of presentation of G, type of S+ used and number
of sessions to reach the criterion in the consistent training on G choices in test trials

Effect Levels G choices (mean + SD) OR 90 % CI P

Sex Male 12.7 £5.2 0.606 0.178-2.067 0.501
Female 10.7 £ 5.9

Side of G presentation Right 58+3.0 0.927 0.588-1.461 0.783
Left 59+33

Type of S+ (6] 11.7 £ 4.6 0.580 0.169-1.995 0.468
X 11.7 £ 6.7

Number of sessions to criterion None (continuous predictor) 0.924 0.876-0.976 0.017

G test stimulus featuring the same global element as S+, OR odds ratio, CI confidence interval, X S+ presented in Fig. 2a, O S+ presented in

Fig. 2b

20 7

18 1 T

16 A

O Global choices
B Positional sessions

14 A

12 4

10 A

0 e

Global dogs Uncertain dogs Local dogs

Fig. 3 Mean number (£SD) of global choices in test and positional
sessions (15 or more same-side responses during 20 trials) in
consistent training performed by dogs which showed 15 or more
global choices in test trials (global dogs), 15 or more local choices in
test trials (local dogs) or fewer than 15 global or local choices
(uncertain dogs)

session as positional (i.e., the dog showed 15 or more
same-side responses in the 20 trials) or non-positional. The
predictor was the dog’s classification based on test choices
(global, local and uncertain).

The analysis revealed the significant effect of the pre-
dictor in the dogs’ likelihood of showing positional ses-
sions in consistent training (F,,34 = 9.25, P < 0.001).
Specifically, global dogs were less likely to show positional
sessions than both uncertain dogs (odds ratio 9.12, 95 %
confidence interval 2.0-42.7) and local dogs (odds ratio
20.4, 95 % confidence interval 4.5-91.5) (Fig. 3).

Lastly, all dogs reached the learning criterion in local
training (average 5.7 £ 3.0 sessions), demonstrating that
choices in the test phase were not influenced by their
incapacity to perceive or discriminate stimuli that differed
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only at local level. Response latency in this phase was on
average 3.7 + 2.7 s.

Discussion

We studied global or local precedence in processing hier-
archical visual stimuli in dogs. The dogs were initially
trained in a simultaneous conditioned discrimination pro-
cedure to recognise a stimulus made of several local ele-
ments arranged to form a larger global figure. In a
subsequent test, they showed inter-individual variability in
responses, although a non-significant trend to prefer the
stimulus containing the reinforced global element emerged.
All the animals could then easily rely on local elements,
when required to do so in local discrimination training,
indicating that the results of the global/local test were not
due to their inability to perceive local elements.

In this study, we found no effect of type of training
stimulus on the likelihood that our subjects would choose
the global or local stimulus in the test phase. In a similar
study, Truppa et al. (2010) found no evidence that stimuli
like those we used had an effect on global/local precedence
in redtail splitfin fish (Xenoteca eiseni).

We found no evidence of an effect of sex on the like-
lihood of choosing the global or local level of a learnt
stimulus. To the best of our knowledge, the effect of sex on
global/local precedence has not been investigated in non-
human animals, and even in humans, there are few direct
examinations of gender differences (Roalf et al. 2006;
Miiller-Oehring et al. 2007; Kimchi et al. 2009). Although
it is suggested that gender differences may arise depending
on the nature of the task and its visual context, Kimchi
et al. (2009) showed that, generally, men and women do
not differ in global and local processing. Our results indi-
cate that this may also be the case in dogs.

Despite a trend towards a general global advantage in
processing hierarchical visual stimuli, our results were
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characterised by wide inter-individual variability. It is
difficult to examine this finding from a comparative
standpoint, since individual variability in global/local
processing is seldom discussed in non-human animals.
However, limits to inter-specific comparisons may also
derive from substantial procedural differences. Primate and
pigeon studies often rely on visual matching to sample
(MTS) tasks. We initially tried to use such a procedure
with dogs, but found various difficulties in training them on
MTS, an obstacle also reported by others (e.g. Milgram
et al. 1994). We therefore opted for a procedure similar to
that used on redtail splitfin fish by Truppa et al. (2010),
which relies on the initial discrimination learning of a
given probe stimulus and subsequent presentation of test
stimuli. One implication of this procedure is that the dogs’
choices in the test were the result of previous learning and
perception, rather than of a purely perceptual process.
However, this allows us to formulate hypotheses on the
neuropsychological mechanisms associated with acquiring
global/local information and may help to explain the var-
iability we observed.

The variability in our results was not limited to global/
local choices in the test, but also characterised the speed of
acquisition of the initial discrimination training. Slower
learners were also more likely to show persistent responses
to the same presentation side within a given session. One
explanation is that some dogs quickly learnt to execute a
motor response upon presentation of a stimulus, as
described by Guthrie and Horton (1946) in cats, and were
more resilient in abandoning such ineffective responses.
However, it is hard to explain how an ineffective motor
response per se could lead to a different precedence in
processing hierarchical visual stimuli. The variable per-
formance in discrimination training may thus reflect indi-
vidual differences in the cognitive requirements of the task.
Hoar and Linnell (2013) showed that in humans, increasing
the cognitive load of a global/local task results in disrup-
tion or inversion of the global advantage. Moreover, the
recruitment of different attentional processes has been
indicated as one of the main determinants of global/local
bias (Deruelle and Fagot 1998), and individual differences
in attentional control can predict the speed of learning even
in simple visual discrimination tasks (Schmittmann et al.
2012). In the present study, non-global dogs were more
resilient towards inhibiting motor responses, but eventually
had to attend to task-relevant visual information about the
stimuli in order to obtain food rewards. Therefore, com-
pleting the task may have imposed a higher attentional
demand on some of the dogs, which in turn led to the
absence of global advantage in the test. Notably, a rela-
tionship between individual differences in subjective cog-
nitive demand and the likelihood of using a positional
response modality in a visual discrimination task has been

reported in both laboratory (Milgram et al. 1994) and pet
dogs (Huber et al. 2013). Lastly, we have previously shown
that a slight reduction in the attention paid by a dog to a
human partner, stemming from the impossibility of per-
ceiving details about the person’s head, resulted in the dogs
being unable to acquire or use information about that
person’s movements (Mongillo et al. 2010), further sup-
porting the role of attention in processing global/local
information in dogs.

Our results also warrant an ecological consideration. It is
often claimed that dogs are visual generalists, i.e., they lack
specialisation for particular visual niches, reflecting the
ability of the species to exploit its sight in a variety of
conditions (Pretterer et al. 2004). The response patterns
shown by our dogs in discrimination training and the
associated variability in the test suggest that experience in
using visual information may be more important than pre-
disposition in determining global/local processing, although
this would also allow better adaptability to varying envi-
ronmental conditions.

In conclusion, the present study suggests that dogs may
show a tendency for global advantage when looking at
hierarchical visual stimuli. However, the large variability
observed indicates the relevance of factors acting at indi-
vidual level on the phenomenon. Among such factors, we
are currently investigating the role of attention in the
processing of hierarchical images by dogs. Beyond its
importance for our understanding of canine visual cogni-
tion, the importance of this topic extends to the veterinary
and human medical fields. Specifically, the recent
description of a canine equivalent of human ADHD and
interest in dogs as models for this disorder prompts studies
aimed at better characterisation of deficits in attention and
related processes in dogs.
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