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Dogs’ co-domestication led to a series of modifications in their behaviour and cognition. Yet, how recent
evolutionary history also interacts with developmental and experiential factors is often neglected. Here we tested
shelter dogs in a two-alternatives free-choice task between different food quantities. Shelter dogs represent a
heterogeneous population with high inter-individual variability, and we hypothesised that we could observe
differences in cognitive performance between individuals depending on their attitude towards humans. Overall,
we found that dogs preferred to approach the larger set of food (emmeans = 6.62. SE = 0.24, t = 28.17, p <
0.0001). However, consistently with our initial hypothesis, we observed that dogs that were evaluated as ‘less
sociable’ by the keepers of the shelter succeeded already on their first trial (P(larger set) = 0.81, SE = 0.1, z =
2.31, p = 0.02), similar to what was observed in wolves and roaming dogs. Vice-versa, individuals that were
evaluated as ‘highly sociable’ behaved at chance on the first trial and begun selecting the larger set only after a
first interaction with the experimental setting (P(larger set) = 0.51, SE = 0.11, z = —0.7, p = 0.94), thus
behaving alike to pet dogs. We discuss our results from both an experimental perspective, as in designing studies
that account for multifaceted factors to reach a better understanding of cognition and behaviour in the Canis
familiaris, and an applicative perspective, as in adding on current practices to facilitate the difficult process of

inclusion of dogs in shelters, and possibly adoption.

1. Introduction

Dogs were among the first species (if not the very first) to be
domesticated, a process that has been dated between 14 and 16 hundred
years ago (Vila et al. 1997; Galibert et al., 2011). Through domestica-
tion, humans selected individuals for future crosses, eventually modi-
fying both physiological and behavioural traits along generations. For
instance, dogs have progressively become less aggressive, more predis-
posed toward dog-human social interaction, and even more responsive
to human social behaviours and gestures (Hare et al., 2002; Udell et al.,
2010a; Galibert et al., 2011; Kis et al., 2012; Mikldsi and Topal, 2013;
Udell, 2015; Lazzaroni et al., 2020). However, several studies have
recently pointed out that a difference must be made between pet dogs,
free-roaming dogs, and shelter dogs, where each is expected to display a
different behavioural repertoire depending on the environmental
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pressures to which they were exposed in their individual experiences.
For instance, a study on a population of 85 free-roaming dogs showed
that, when approached by a human, about half of the subjects would
flee, 11% would display aggressive behaviours toward the human, and
only 4% would present affiliative responses (Ortolani et al., 2009),
suggesting that the environment could act on dogs’ predisposition to
positively interact with humans and lead to some behavioural responses
different than those typically observed in pet dogs (Ortolani et al., 2009;
Udell et al., 2010b). Similarly, shelter dogs recovered from the streets (i.
e., with no previous experience as pets) failed to interpret human
referential gestures, whereas pet dogs and hand raised wolves succeeded
(Udell et al., 2008). This further suggests that when evaluating behav-
ioural and cognitive abilities in canids it is important to consider how
phylogenetic variables also interact with developmental and experien-
tial factors (Udell et al., 2008, 2010a).
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Interestingly, lacking social interaction with humans could also lead
to strengthening other cognitive abilities, as in the case of numerical
cognition. In fact, stray dogs often outperform pet and working dogs in
tasks that test for their ability to discriminate between quantities to
obtain the largest amount of food (Banerjee and Bhadra, 2019), possibly
reflecting their need to quickly react to an available food source in an
environment that stresses competition for resources (this is not the case
for pet dogs, which are instead used to obtain food on a regular basis)
(Normando et al., 2022). However, there is also evidence of shelter and
pet dogs performing alike in a spontaneous quantity discrimination task
(Miletto Petrazzini et al., 2017). This could be due to the fact that
shelters may house extremely diverse individuals, and thus they do not
represent a unique niche, but rather a multifaceted environment where
individuals could differ in both cognitive and behavioural traits (Udell
et al., 2010b; Protopopova, 2016; Thielke and Udell, 2019). For
instance, it has been shown that when registering dogs’ behaviour and
sociability, group averages may result unrepresentative of all dogs, also
hindering reliable predictions at the individual level (Goold and New-
berry, 2017).

Here we test shelter dogs form Northern-Italy in a two-alternatives
free-choice task employing the 2vs4 discrimination. Previous studies
that tested pet dogs with this same comparison showed that animals can
discriminate and select the largest quantity of food when tested multiple
times, although they fail and behave at chance on their very first testing
trial (Normando et al., 2022; Loconsole et al., 2023). This latter result
has been explained as the consequence of both experiential (i.e., the
dogs being naive with respect to the testing procedures) and motiva-
tional (i.e., pet dogs being used to have free access to all food sources)
factors. We hypothesised that in the case of shelter dogs, this effect could
be modulated by some personality factors, as in the case of tameness, or
sociability. Specifically, we hypothesised that dogs that are perceived as
less social or tamed would behave similar to stray dogs (Banerjee and
Bhadra, 2019) and thus perform better in the quantity discrimination,
selecting the largest set already on the first trial. Vice-versa, we expected
dogs that appear as more prone to positively interact with humans
would perform similar to pet dogs, thus needing a first trial to familiarise
with the task before being able to correctly respond to it.

2. Materials and methods
2.1. Subjects

Data were collected from 51 adult dogs from eight shelters in North-
East Italy. All the dogs were reported to be healthy and were further
inspected for any sign of sensory or motor impairment during the test.
None of the dogs had been previously involved in experimental tasks or
training similar to the one employed in the current study and could
therefore be considered naive with respect to the experimental
procedures.

In line with previous studies (Ward and Smuts, 2007; Miletto Pet-
razzini and Wynne, 2017; Normando et al., 2022; Loconsole et al.,
2023), we adopted a 100% criterion to exclude those animals that al-
ways responded to the same side, thus removing seven dogs from the
final analysis: one male displaying a right-side bias, and 6 dogs (three
females) displaying a left-side bias.

Of the remaining 44 dogs, 16 were females (approximate age in
years: M = 5.219, Mdn = 3.5, min = 1, max = 14) and 28 were males
(approximate age in years: M = 6.589, Mdn = 7, min = 1, max = 13).

2.2. Experimental setting and stimuli

Dogs were tested in a two-alternatives free-choice task with the 2vs4
comparison. Each dog was tested individually in an open space in the
shelter, separated from the other animals. Before starting the test, the
experimenter made sure that the dog was acquainted to their presence,
interacting for at least one minute, and letting the dog sniffing their
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hand, or petting the dog. If the dog exhibited any stress-related behav-
iour, such as growling, yawning, tucked tail, ears pinned back, or un-
usual vocalisations, they were discarded from the experimental
procedure. However, this was not the case for any of the subjects. During
this first acquaintance phase, the experimenter also offered the dog a
piece of the food to be employed at test, to ensure that the animal liked
it. A member of the staff from the shelter remained behind the dog and
kept them by a leash or a harness until receiving the command from the
experimenter (“okay”), at which point the dog was let free to move and
approach the stimuli. Both the experimenter and the keeper wore dark
sunglasses and a facial mask, to avoid involuntarily biasing the dogs’
choice (Marshall-Pescini et al., 2012). The stimuli consisted of two
identical white plastic plates (20.5 cm diameter), positioned 60 cm apart
from one another, and 1 m apart from the dog’s starting position (Fig. 1).
At the beginning of each trial, the food was placed in the plate, out of the
dog’s sight, and covered with an opaque lid. The lid was built with a
double bottom that contained extra pieces of food, to control for olfac-
tory cues by counterbalancing the total amount of food on each side. The
top of the lid was pierced to allow for the scent to spread. Each piece of
food was 1/16th of a standard sausage (83.33 g) and weighted on
average 5 g.

The experimenter simultaneously placed the two plates in front of
the dog, removed the opaque lids and placed them on the external side of
each plate (Fig. 1). Once the dog approached one plate, they were left
free to eat the food in it, but not to access the other one, which was
immediately removed by the experimenter. After the dog had consumed
the food in the plate, they were returned in the starting position with the
keeper, and a new trial begun. Each dog underwent a total of 12
consecutive trials, where the position of the larger set (left or right) was
counterbalanced between trials, and never appeared on the same side
more than twice consecutively (either Ri -Le - Ri -Le -Le - Ri -Le - Ri -Le -
Ri-Ri-Le, orLe - Ri -Le - Ri - Ri -Le - Ri -Le - Ri -Le - Le — Ri).

Testing was videorecorded by a camera placed about 1 m away from
the setting.

Additionally, we asked the staff from the shelter to formulate a
judgment about the dog’s behaviour in comparison to the other animals
housed in the shelter. First, the staff members were asked to reflect upon
some behavioural aspects of the dog (see S2), then they were asked:
“Considering the overall behaviour of dog X, how do you rate it
compared to the average of the dogs present in the shelter?” and could

Fig. 1. A demonstrative picture of the experimental setting and stimuli.
Photog: Eliane Del Biondo.
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provide their answer using a Likert scale from 1 to 5, where 1 =
extremely below the average; 2 = below the average; 3 = same as the
average; 4 = above the average; 5 = extremely above the average.

2.3. Data analysis

Data were analysed using the statistical software R (R.4.2.2) (R Core
Team, 2022). Raw data generated during the study are available as
supplementary material (S1). Firstly, we tested for dogs’ general per-
formance at test, employing a linear model (R package: lme4 (Bates
et al., 2015)), having as the dependent variable dogs’ total number of
choices for the larger set (thus ranging from 0 to 12). We added as in-
dependent variables only those factors for which we had a priori reason
to hypothesise a possible influence, as suggested by (Forstmeier and
Schielzeth, 2011). Specifically, we added dogs’ sex, as this was reported
to interact with other factors in influencing dogs’ performance in nu-
merical discrimination (Normando et al., 2022), and the dogs’ evalua-
tion by the shelter staff. To include this evaluation in our model, we
recoded it generating two distinct groups. Group 1 included dogs that
were rated as 1, 2, or 3 (1 = extremely below the average; 2 = below the
average; 3 = same as the average), for a total of 19 subjects; Group 2
included dogs that were rated as 4, or 5 (4 = above the average; 5 =
extremely above the average), for a total of 25 subjects. The raw score of

A.

Applied Animal Behaviour Science 275 (2024) 106282

each dog, as well as their inclusion in either group is shown in supple-
mentary material S1.

Second, we checked whether dogs could already pick the larger set
on their very first choice at test, employing a generalised linear model (R
package: lme4 (Bates et al., 2015)) with a binomial dependent variable
(0 = choice of the smaller set, 1 = choice of the larger set). We included
the same independent variables that we used for analysing general
performance.

For both general performance, and first trial analysis, we run a post
hoc analysis using the package emmeans (Lenth, 2022) to determine the
direction of the predictors. The significant level alpha was set at 0.05. All
graphs were created using ggplot2 (Wickham, 2010)

3. Results

Inspecting the linear model for the general performance, we found
no effect of dogs’ sex (ANOVA, Sum. Sq. = 0.01; Mean Sq. = 0.01; F =
0.005; p = 0.95), of the evaluation score (ANOVA, Sum. Sq. = 0.04;
Mean Sq. = 0.04; F = 0.02; p = 0.89), nor of their interaction (ANOVA,
Sum. Sq. = 0.05; Mean Sq. = 0.05; F = 0.02; p = 0.88). Post-hoc analysis
showed a general preference for the set of the larger quantity (emmeans
=6.62. SE = 0.24, t = 28.17, p < 0.0001, Fig. 2A), irrespective of their
sex, or evaluation score. When considering the very first choice at test, it
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Fig. 2. Results. The dashed black line indicates chance level; asterisks indicate statistically significant results. In blue (left) performance of dogs rated as below or
same as the average of the shelter, in yellow (centre), performance of dogs rated above the average of the shelter, in grey (right) the general performance of all the
tested dogs. A. General performance across the 12 testing trials. The black bar indicates the median, the black triangle indicates the mean. The lower and upper
hinges of the boxplot correspond to the first and third quartiles (the 25th and 75th percentiles). Both when considering each separate group and all the subjects
together, there is a significant preference for the larger set. B. Probability to choose the larger set (i.e., 4 elements) at the very first choice of test. The bars indicate
standard error. Taken altogether, dogs do not show a preference at their first choice, however when dividing them based on the evaluated sociability it appears that
dogs rated as below or same as the average in the shelter can solve the discrimination on the very first trial, whereas dogs that scored above average fail.
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appears that, when considered altogether, dogs behaved at chance level
(P(larger set) = 0.68, SE = 0.09, z = 1.93, p = 0.054, Fig. 2B). However,
when checking for the performance within each subgroup, it is possible
to notice that dogs that were evaluated as equally or less sociable than
the average of the shelter showed a significant preference for the larger
set already on the very first trial (P(larger set) = 0.81, SE=0.1,z=2.31,
p = 0.02), whereas dogs that were evaluated as above the average of the
shelter behaved at chance (P(larger set) = 0.51, SE = 0.11, z = —0.07, p
= 0.94) (Fig. 2B).

4. Discussion

In our study, we tested shelter dogs in a two-alternatives free-choice
task between a set of two, and a set of four pieces of food. Overall, dogs
preferred to approach the larger set, thus showing capable of solving a
quantity discrimination that could be considered quite complex for this
species (Miletto Petrazzini and Wynne, 2016, 2017; Normando et al.,
2022). This result appears to be in line with previous studies on pet dogs
similar to ours in terms of experimental paradigm, or employed quan-
tities (Macpherson and Roberts, 2013; Normando et al., 2022; Loconsole
et al., 2023). Consistently with previous literature on pet dogs, shelter
dogs also failed on the very first trial of test, choosing at chance between
the two.

Interestingly, when checking for a possible effect of the dogs’ re-
ported sociability we found that animals may differ in their cognitive
performance depending on whether they were considered as being
below/same as the average of the shelter, or above the average (how-
ever, it is important to note that in our sample only three dogs were
evaluated as below average and therefore our results mostly reflect a
difference between ‘same as average’ and ‘above average’). In fact,
while reported sociability does not affect the overall performance (all
dogs similarly selected the larger set when considering the entire test), it
becomes relevant when analysing their choice on the first testing trial. It
appears that dogs that were evaluated as below or same as the average of
the shelter were already capable of choosing the larger amount of food
on their first attempt, whereas dogs whose behaviour was considered as
above the average failed. This data is in line with current theories on
domestication and cognition, for which animals that are not used to
regularly interact with humans, and as such do not benefit from the
advantages of co-domestication, are expected to perform better in tasks
related to survival, as for example immediately selecting the larger
quantity to obtain more food (Range et al., 2014; Miletto Petrazzini and
Wynne, 2017; Banerjee and Bhadra, 2019; Normando et al., 2022). At
the same time, however, our study does not allow for a direct compar-
ison between shelter and pet dogs, therefore we cannot draw any
conclusion about whether shelter dogs that were evaluated as ‘above
average’ would match pet dogs, or whether their performance would
still remain lower than pet dogs. Further studies could clarify this point
by directly comparing both populations. Additionally, it is important to
note that we created the two subgroups based on a single evaluation
from a staff member familiar with the individuals housed in the shelter.
On the one hand, this is gives us important insights on the possibility to
create an assessment that requires little time while still remaining reli-
able in highlighting differences between individuals. On the other hand,
however, we are aware that this constitutes only a first step in this di-
rection, to eventually create a validated assessment system that takes
into account both behavioural observations, and staff reports.

Lastly, it is important to consider other factors that might have
modulated or strengthened the observed effect. For instance, those in-
dividuals that were keener to interact with humans might have been
extremely aroused and/or paid more attention to the experimenter than
to the setting when first presented with the situation, hence responding
at chance at the beginning of the test (Normando et al., 2022). Similarly,
less aggressive (or more docile) dogs could have interacted more with
humans, and as such being more used to receive training commands.
This could have resulted in dogs not being able to properly evaluate the
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experimental setting and autonomously select the most advantageous
response.

Overall, we deem our results of particular relevance both from an
experimental and an applied perspective. First, they highlight that
shelter dogs may represent a population distinct from pet dogs, forcing
to reconsider the possibility to draw general conclusions about the
behaviour and cognition of Canis familiaris by studying either pet dogs or
shelter dogs, and pushing toward a more integrated analysis of both
groups. Second, they show that even within the shelter dogs’ population
there are different subgroups of individuals. This might result from the
fact that shelter dogs are a more heterogeneous sample than pet dogs to
begin with. It is often the case that their personal history before the
shelter is unknown: dogs might be brought to shelters from previous
owners because of behavioural problems, they might be rescued from
abusive situations, they might be born or raised in the shelter from
young age, or they might be (semi)feral dogs caught on the territory.
From an experimental point of view, this calls for controlled experiments
that try to account for this inter-individual variability. From an applied
perspective, this opens to the study of the interaction between cognitive
and temperamental factors as a novel tool for both initial assessment and
targeted interventions. We hope that our work could constitute a first
step toward future studies that investigate how some cognitive and
temperamental factors may correlate with one another. This would be
beneficial in helping designing simple behavioural tests to identify in-
dividuals that constitute good candidates for adoptions, while focusing
more on subjects that could benefit from personalised trainings to
become better acquainted to the presence of humans.

5. Conclusions

Our study investigated spontaneous quantity discrimination in
shelter dogs, and correlated performance with dogs’ level of sociability
and attitude toward humans. Overall, dogs were successful in selecting
the largest amount of food between two alternatives (i.e., 2vs4). Yet, we
observed a correlation between dogs’ sociability and their performance
on the very first trial of test. Dogs that were evaluated as having a higher
level of sociability than the average of the shelter, failed on their very
first trial, similar to what previously reported in pet dogs. Vice-versa,
dogs that were evaluated as less social than the average, or same as
average, succeeded, similar to what was observed in stray dogs and
wolves. These results may have important implications for future
research as they suggest that, to obtain a fully descriptive picture of
dogs’ behaviour and cognition, one must account for both phylogenetic
variables and experiential factors that might characterise an individual.
Additionally, these results may constitute a starting point for designing
fast and intuitive screening practices for addressing sociability toward
humans and other animals in shelter dogs, possibly facilitating their
inclusion in the shelter and, eventually, adoption.
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