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Prior research with highly trained dogs suggests they may be more successful than pets in independently solving
problems when it is possible, yet they may engage in social strategies involving human partners when they face
unsolvable tasks. One of the factors underlying these differences may be their persistence, which is usually
studied as motivation towards a task. However, highly trained dogs often need to perform lengthy sequences of
behaviors with no reinforcement, highlighting the need for research focusing on their performance under
extinction conditions. In this sense, persistence can be also examined as resistance to extinction. We compared 26
trained and untrained adult dogs of various breeds and mixes on a gazing task and a non-social problem solving
task, each following a pattern of acquisition and then extinction. Results indicate that trained dogs exhibited a
greater resistance to extinction than untrained dogs in both tasks. This increase in persistence could be beneficial
for their performance, particularly when they need to conduct lengthy chains of behaviors with no immediate
reinforcement.

1. Introduction
Domestic dogs have remarkable communicative skills with humans
(Hare and Tomasello, 2005) and are a particularly trainable species (e.
g., Bray et al., 2021). This may explain why, besides their traditional role
as pets in human homes, they are often trained to carry out a wide va
riety of tasks, both recreationally and with working purposes (Rooney
and Cowan, 2011). These abilities are achieved through different
training methods and comprise a wide array of behaviors. For instance,
dogs are currently trained to participate in sports such as agility or to
take part in obedience competitions as well as perform a number of
working roles such as guarding, herding, assisting people with disabil
ities and detecting substances, explosives or people through smell,
among other activities (e.g., MacLean and Hare, 2018; Rooney et al.,
2016). Given the important roles these dogs fulfill, the effects training
may have on their overall behavior becomes an important topic of
research. In particular, a deeper understanding of the characteristics of
trained dogs may aid in their selection and training, as well as improve
their performance in such activities. Taking this into account, several
authors have compared the behavior of trained and untrained dogs on

both social and non-social tasks.
One social behavior that has been extensively studied in dogs is ga
zing to the human face (e.g., Prato-Previde and Marshall-Pescini, 2014).
A remarkable paradigm for this analysis is that of unsolvable tasks, as
dogs often engage in social behaviors such as gazing when they are
confronted with a problem they cannot solve on their own (e.g., Miklósi
et al., 2003). Marshall-Pescini et al. (2009) compared trained (i.e.,
agility, search and rescue) and untrained dogs during an unsolvable
task. Results indicated that agility dogs gazed longer to the people than
the other dogs, but search and rescue dogs alternated their gaze more. In
a similar task, dogs trained for water rescue gazed more towards the
people than untrained pet dogs (D’Aniello et al., 2015). Scandurra et al.
(2015) carried out this task with guide dogs which were already working
and living with their blind owners, untrained pet dogs, and trained dogs
which were housed in kennels as they had not yet been placed with a
family. Results showed that trained dogs living in kennels gazed
significantly less to the people than the dogs from the other groups.
However, Gaunet (2008) found no differences between guide dogs and
untrained pets in gazing behavior. Nevertheless, guide dogs engaged in a
novel behavior (sonorous lip licking) which was interpreted as a social
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strategy to get their blind owners’ attention. In the same line, Lazar
owski et al. (2020b) found that detection dogs living in kennels gazed
less towards people than untrained pets. It is important to note that the
effects of training and living conditions are often confounded factors in
these kind of studies, as highly trained dogs often live in kennels while
untrained dogs live as pets in family homes.
Other studies focused on the gazing behavior of trained dogs using
other kinds of tasks. For instance, Mongillo et al. (2016) examined dogs
with various levels of obedience training that were asked to stay still for
30 s in the presence of food or toys. They found that novice dogs tended
to shift their gazes more, while the length of gazes increased progres
sively with more advanced training. In a test of social referencing in
which dogs could seek information and guide their behavior towards an
ambiguous object according to the reaction of a person, Merola et al.
(2013) found that water rescue dogs did not differ from pets in their
gazing behavior towards an unfamiliar person, but they tended to gaze
more often towards their owner. These trained dogs also gazed more
often at the owner than the stranger while the stranger was giving a
positive message about an unfamiliar object, but not in the following
phase when the person was quiet, while no differences were observed in
the pet group. Moreover, they spent more time static rather than
approaching the object after receiving the message from the unfamiliar
person and exhibited more stress signals. These findings have been
interpreted as them looking at the owner expectantly for information or
commands, but not receiving them due to the owner being passive in the
task. On the other hand, there were no differences in gazing between
guide dogs and pets in a showing task in which dogs had to indicate the
location of an inaccessible toy (Gaunet et al., 2010). Additionally, some
persistence in their communicative attempts was observed when dogs
received an unfamiliar object instead of the toy they were asking for, but
the authors do not report differences in this behavior between guide
dogs and pets. Finally, Cavalli et al. (2018) tested both trained and
untrained dogs that participated in Animal Assisted Interventions (AAI)
in a gazing learning task where gazing to the human face was first
reinforced and then put under an extinction protocol in which it was not
reinforced anymore. Unexpectedly, untrained AAI dogs gazed longer
than their trained counterparts during this phase although this result
should be taken with caution given the small number of dogs within
each training group. In sum, trained dogs appear to engage more in
gazing behavior in some contexts, but this seems to be highly dependent
on the characteristics of the task and the sample.
Another social behavior of particular interest to researchers in dog
behavior is the ability of dogs to follow human pointing in an object
choice task, with mixed results regarding trained dogs. While working
gundogs with specialized training followed pointing more successfully
than pet dogs (McKinley and Sambrook, 2000), there were no differ
ences between pets and guide dogs (Ittyerah and Gaunet, 2009),
detection dogs (Lazarowski et al., 2020b) nor dogs trained to a
competitive level in recreational activities (Cunningham and Ramos,
2014).
Concerning the behavior of dogs during non-social tasks, a great deal
of attention has been paid to the problem solving skills of trained and
untrained dogs during solvable tasks. For instance, Marshall-Pescini
et al. (2008) confronted dogs with a commercial feeding box that could
be opened by nosing the lid or pressing a paw pad. Trained dogs (i.e.,
agility, schutzhund, retrieving, search and rescue, freestyle) interacted
longer with the apparatus and thus were more successful in opening it,
while untrained dogs spent significantly more time looking at the people
present during the task. In a second study featuring the same task
(Marshall-Pescini et al., 2016), dogs with training experience (i.e.,
agility, police, search and rescue, man-trailing) were more successful in
the task and looked less to people than untrained dogs. Furthermore, in
this study trained dogs were also faster at obtaining the reward in a
spatial detour task. Likewise, Range et al. (2009) observed that trained
dogs (i.e., agility and search and rescue) spent more time interacting
with a wooden box and were able to open it significantly more often

than untrained ones. Moreover, Carballo et al. (2020) found that
working assistant and therapy dogs were more successful in opening a
dog toy containing food that dogs trained recreationally for other ac
tivities, while pet dogs were more likely to engage in social strategies
such as gazing to a human partner. However, in Brubaker and Udell
(2018) search and rescue dogs did not differ from pet dogs in their
ability to open a container nor in their gazing behavior during the task.
Nevertheless, trained dogs were significantly more successful after
receiving encouragement from their handlers, which suggests they may
be more sensitive to some human communicative cues.
Finally, another relevant measure in the unsolvable tasks described
above, is the time dogs spend interacting with the apparatus understood
as attempts to solve the problem. In these studies, trained dogs did not
differ from pets in the time interacting with the apparatus (D’Aniello
et al., 2015; Gaunet, 2008; Marshall-Pescini et al., 2009). However,
guide dogs living in kennels interacted significantly more with the
apparatus than guide dogs living with families and pets (Scandurra et al.,
2015), and detection dogs living in kennels spent more time in contact
with the apparatus than pets (Lazarowski et al., 2020b). Overall, results
have been mixed regarding the attempts of trained dogs to solve the
problem by themselves through interaction with the apparatus during
unsolvable tasks. As it was previously mentioned, they tend to engage
more in social behaviors during these tasks.
All in all, trained dogs appear to be more successful solving problems
on their own when there is a solvable problem and may be more likely to
engage in social strategies involving human partners when they face an
unsolvable problem. In this sense, it seems that advanced training does
not modify dogs’ behavior as a whole, but it is greatly affected by the
type of behaviors the dogs are trained to perform and the tasks in which
they are evaluated.
These behavioral differences between trained and untrained dogs
may be due to a reduction in neophobia, as trained dogs may be more
inclined to interact with a novel object (Marshall-Pescini et al., 2016).
Furthermore, participating in systematic learning sessions may result in
a global effect of “learning to learn” (e.g., Kehoe, 1988), which could
make it easier for trained dogs to complete novel tasks.
Another factor that could explain the differences observed in trained
dogs is the persistence of their responses. One type of persistence is
related to the motivation towards a task (Lazzaroni et al., 2019) and it is
often operationally defined as the time a dog spends interacting with an
apparatus or other stimuli (e.g., Marshall-Pescini et al., 2017). It is
important to consider that persistence can be regarded in a negative
light, as it could to be related to inflexibility and stereotypical behavior
(Protopopova et al., 2014). However, working dogs often need to
perform lengthy chains of behaviors with no reinforcement (i.e., search
and rescue dogs), so certain levels of persistence may be beneficial and
desirable in working contexts (Dalal and Hall, 2019; Hall, 2017).
Furthermore, finding ways to enhance generalization between
training and working contexts is of upmost relevance for these dogs. It
has been suggested dogs should train in conditions similar to their
working context, in which the probability of reinforcement is low or
absent (Hall, 2017; Thrailkill et al., 2016). Therefore, it becomes
important to study their performance under extinction conditions,
which are similar to such contexts. In this sense, some studies have
focused on a second type of persistence defined as resistance to extinc
tion, which refers to the maintenance of a behavior in absence of rein
forcement after it had been previously reinforced during the task (e.g.,
Cavalli et al., 2019; Dalal and Hall, 2019). In the case of trained dogs, the
studies have focused on the first type of persistence, while only Cavalli
et al. (2018) examined the resistance to extinction of dogs with different
levels of training. Nevertheless, Hall (2017) also analyzes the unsolvable
task as an extinction task, indicating it measures persistence and allows
for the examination of alternative behaviors once the previously rein
forced response in under extinction.
Therefore, it is pertinent to study persistence as resistance to
extinction, by carrying out tasks in which a behavior is first reinforced
2
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and then it is not reinforced anymore. This methodology allows to
examine the maintenance of behaviors (i.e., persistence) when they no
longer lead to success (e.g., Mackintosh, 1974; Nevin and Grace, 2000).
Trainers often aim to avoid the extinction of desirable chains of be
haviors as well as extinguish undesirable behaviors during training
sessions, making particularly relevant the analysis of resistance to
extinction in trained dogs.
Both social and non-social behaviors can be related to their previous
experiences and thus considered learned behaviors in which dogs may
persist during cognitive tasks. Some of these behaviors may have been
intentionally reinforced during training, but others may have been
reinforced inadvertently during they daily lives. In this sense, Hall
(2017) highlights the importance of considering the experiences dogs
have had with alternative sources of reinforcement. For example, during
unsolvable tasks the manipulation of the apparatus is placed on
extinction as it becomes impossible to solve, while human interaction
becomes an alternative source of reinforcement. Therefore, dogs may be
more likely to turn to other food-obtaining behaviors that had been
frequently reinforced during their lifetimes. In the case of trained dogs,
they may engage faster in gazing behaviors towards humans, as a
consequence of their greater history of reinforcement for looking to
wards their handler (Hall, 2017).
The aim of this study was to compare the persistency of both trained
and untrained dogs. To this end, they completed two tasks, one social
and one non-social, which followed a similar pattern: first an acquisition
phase in which certain behaviors were reinforced (i.e., gazing or
removing plastic bones, according to each task) and then there was an
extinction phase in which they were not reinforced anymore. Consid
ering previous findings, it would be expected for trained dogs to be more
persistent and thus resistant to extinction than their untrained coun
terparts. Additionally, according to prior literature it is also expected for
trained dogs to interact more with the problem solving task during the
acquisition phase, while predictions are unclear for the gazing task.

problem solving (hereafter “problem solving”). The tests were carried
out on two different visits, separated by approximately one month, and
task order was counterbalanced across subjects. One pet dog did not
complete the gazing task, while 4 pet dogs and 2 trained dogs did not
complete the problem solving task. The video of the problem solving
task was lost for one pet dog, which made it impossible to analyze the
time interacting with the apparatus (the number of picked up bones had
been scored live, so the subject remained included in the sample for that
task).
All dogs were tested in a quiet room within their homes, away from
distractions. There were 2 female experimenters (Es), unfamiliar to the
animals. The food rewards were small pieces of cooked liver. The ses
sions were videotaped with a SONY DCR 308 video camera.
2.3. Gazing task
2.3.1. Materials
A container with cooked liver pieces was placed high on furniture so
dogs could see the food but not reach it (see Fig. 1A) and it remained
there throughout all trials of the task. Two Es were present, E1 stood
next to the container and administered the rewards when needed.
Meanwhile, E2 was located diagonally behind the E and ignored the dog
while filming the situation, capturing the direction of the dog’s head and
gaze.
2.3.2. Procedure
The procedure was the same as in Bentosela et al. (2008). It
comprised four consecutive phases: baseline, acquisition, extinction and
reacquisition. Before beginning the test, the dog received a warm up to
assess its motivation for food in which the E1 called their name and
sought physical contact, while giving them three pieces of liver
regardless of their gazing behavior. Before each trial of all phases, E1
called the dog and gave them a piece of liver. This had the aim of
indicating the beginning of the trial, getting the dog’s attention and
confirming that they were still motivated to eat the food.
Baseline: Directly after warm up, the dog received 1 baseline trial.
During this trial E1 stood still gazing at the dog’s face, trying to maintain
eye contact.
Acquisition: Afterwards, the dog received 3 trials of reinforcement of
the gazing response towards E1. In these trials the dog received a piece
of food each time they gazed at E1’s face.
Extinction: Then, there were 3 trials in which the gazing response
was no longer reinforced. This phase was identical to the baseline.
Reacquisition: Lastly, there was 1 reacquisition trial in which the dog
received a piece of food each time they gazed at E1’s face. This phase
was identical to the acquisition phase and had the aim to discard satiety
or fatigue effects.
During all trials the E1 stood gazing at the dog’s face without further
movement, trying to maintain eye contact. Each trial lasted 2 min with
an inter-trial interval of approximately 2 min. During the intervals be
tween trials, the E1 stood in a corner of the room with her back turned to
the dog, taking the food container with her.
The dependent variables were:
Gazing time (s): The duration of the orientation of the dog’s eyes and
head towards the E’s face. It was measured continuously on all trials.
Begging behaviors: A score was constructed counting one instance
each time the dog exhibited one of the following: standing on their hind
legs, nudging or scratching any part of the E´s body, barking and
engaging in other typically learned behaviors (i.e., giving a paw,
covering their face).
Stress behaviors: A score was constructed counting one instance each
time the dog exhibited one of the following: crying or whining, lip
licking, grooming, yawning, shaking and putting their ears down.
If a behavior continued in time (i.e., barking, whining), a new
instance was considered after a 1 s pause. Begging and stress behaviors
were only registered during the baseline and the extinction trials, given

2. Methods
2.1. Subjects
We initially assessed 33 domestic dogs (Canis familiaris), but 7 dogs
were excluded due to disinterest in the tasks or fear towards the ex
perimenters. Therefore, the final sample consisted of 26 adult dogs,
between 1 and 8 years of age.
The trained dogs group (N = 13, 6 females, 7 males, mean age = 4.80
SD ± 2.17 years, 5 mixed breeds, 3 Golden Retrievers, 2 Border Collies, 1
Dachshund, 1 Labrador Retriever, 1 Toy Poodle) consisted of dogs than
underwent advanced positive reinforcement training, and in some cases
participated in more than one type of activity. All of them had basic
obedience training. Additionally, nine were trained with recreational
aims in trick training, two participated in advanced obedience, two
participated in sports (i.e., agility, dog dancing, canicross) and two were
working dogs (one was an assistance dog for a person with epilepsy, and
one was a cadaver-detection dog). All dogs had received at least 18
months of training.
The pet dogs group (N = 13, 7 females, 6 males; mean age = 4.42 SD
± 2.51 years, 4 mixed breeds, 3 Golden Retrievers, 2 Border Collies, 2
Toy Poodles, 1 Dachshund, 1 Labrador Retriever) consisted of dogs that
received no training. They were selected in order to match, as close as
possible, the characteristics of the trained dogs.
Dogs were recruited through personal contacts and ads in social
media platforms. All dogs had lived with their owners for at least 1 year.
Dogs had free access to water and their last meal had been at least 3 hs
prior to our visit.
2.2. General procedure
Dogs underwent two behavioral tasks: gazing and non-social
3
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Fig. 1. Experimental set. Note: A: Gazing Task, B: Problem Solving Task.

2.5. Data analysis

the aim was to analyze the effects of the absence of reinforcement on
such behaviors.

The first author (CC) scored 100 % of the videos, while another
author (MVD) acted as a second observer, blind to the group of each dog,
and analyzed 50 % of the videos from both tasks. There was a high interobserver reliability for all trials (Cronbach Alfas, gazing task: gazing
time > 0.852, begging behaviors > 0.986, stress behaviors > 0.963;
problem solving task: interaction with the apparatus > 0.978). The
number of picked up bones during the problem solving task was scored
live by both Es with excellent agreement.
We constructed Generalized Linear Mixed Models (GLMM) to
analyze each dependent variable.
For the gazing task, we analyzed the time the dogs spent gazing at the
E during each phase (baseline, acquisition, extinction, and reac
quisition) as well as the frequency of begging and stress behaviors
during the baseline and the extinction phases. Gazing had a Gamma
distribution with a log link function, while begging and stress followed
Poisson distributions with a log link function.
For the non-social problem solving task, we analyzed the number of
picked up bones as well as the time interacting with the apparatus
during the acquisition, extinction and reacquisition phases. The number
of picked up bones had a Poisson distribution with a log link function,
and the interaction with the apparatus followed a Gamma distribution
with a log link function.
The models included: group (trained dogs, pet dogs), phase, trial, sex
(male, female), and age as fixed factors. They also included the two-way
interactions between group and the factors phase, trial, sex, and age.
Non-significant factors were removed step by step according to the
backward method. The factors group, phase and their interaction were
preserved due to their theoretical relevance.
For all models, the random effects structure included intercepts to
account for variability across subject’s ID. We used the Satterthwaite
approximation to estimate the degrees of freedom due to different
cluster sizes in the between and within-participants factors. Post hoc
comparisons were conducted using paired contrasts (sequential adjusted
Bonferroni) when required. Furthermore, estimated coefficients, stan
dard errors (SE) and confidence intervals (CI) (95 %) were reported as an
indication of the degree of change in the results.
Model residuals were tested for normality and homogeneity using
diagnostic plots as well as the Levene test. Residuals were normally
distributed, and their variances were homogeneous (ps > 0.05).
All tests were two tailed (α = 0.05). The data were collected with
Boris 7.9 (Friard and Gamba, 2016) and analyzed with SPSS 24.
Graphics were created with Prism 7.

2.4. Problem solving task
2.4.1. Materials
For this test, we used a commercial toy for dogs “Dog Magic, Nina
Ottosson interactive toys” (see Fig. 1B). It consisted of a round disk of
36 cm in diameter, which had 9 bone-shaped depressions in which 9
plastic bones could be fitted (8 arranged in a circle, and the ninth located
in the middle). All bones had a small hole on top to release the smell of
food hidden underneath. The bone-shaped spaces were spread with
liver, to help distribute the smell and control for odor cues. The device
was placed on a carpet (75 × 45 cm) to prevent it from slipping. One E
was present recording the situation from a corner of the room while
ignoring the dog, and the other E waited in an adjacent room and took
the apparatus away to refill it after each trial.
2.4.2. Procedure
The procedure was the same as in Barrera et al. (2015). It consisted of
a problem solving task in which the dogs had to dislodge the plastic
bones from the apparatus, using their mouths or their paws, to obtain the
piece of liver hiding under each bone. It comprised three phases:
Acquisition: This phase consisted of 3 trials. Each one began when
the E brought the device containing one piece of liver under each plastic
bone. She placed it on the carpet and started her stopwatch, then left the
room. During the first of these trials, 3 of the bones were partially
removed in order to encourage the dog to find the food hidden under
neath. Each trial went on for a maximum of 3 min or until the dog picked
up all the 9 bones and ate the rewards underneath.
Extinction: After the acquisition, there were 3 trials in which the
procedure was similar, but none of the plastic bones were baited. In this
phase trials had a fixed duration of 3 min.
Reacquisition: Finally, there was 1 trial similar to the acquisition
ones, with the device containing a piece of liver under each plastic bone.
This phase discarded potential satiety or fatigue effects.
The inter-trial interval was of 1 min, in which the toy was taken away
and refilled in another room out of the dog’s view.
The dependent variables were the number of plastic bones the dog
picked up on each trial and the time (s) spent interacting with the
apparatus (i.e., sniffing, licking, touching it with their paw, and trying to
dislodge the bones with the paw or the nose). Given that the duration of
the trial was variable, rates were calculated for the interaction time
dividing the time the dog spent interacting with the apparatus by the
total time of the trial. Stress behaviors were not considered for this task
because scoring some of them was not possible due to the dogs having
their back turned to the camera while interacting with the toy, and liplicking not being reliable in a context in which food had been present.
Nevertheless, the frequency of other stress behaviors was low.
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3. Results

Table 1
Mean (in bold) and standard deviations of the score of begging and stress be
haviors across groups during the baseline and extinction phases of the gazing
task.

3.1. Gazing task
For the gazing measure, the final model included group, phase, trial,
and the interaction of group by phase. We found a main effect of group
(F (1,26) = 11.82, p = 0.002) as trained dogs had a longer gaze duration
compared to pet dogs (SE = 2.67, CI0.95 = 2.76, 13.83).
In addition, a significant effect of phase was found (F (3,165)
= 248.73, p < 0.001). Paired contrasts indicate that gaze duration
during the baseline phase was significantly higher than in the acquisi
tion (SE = 2.85, CI0.95 = 17.72, 32.09, p < 0.001), and reacquisition
phases (SE = 2.93, CI0.95 = 16.51, 30.69, p < 0.001). Furthermore, gaze
duration during the extinction phase was significantly higher than in the
baseline (SE = 3.29, CI0.95 = 5.84, 20.71, p < 0.001), acquisition (SE =
2.74, CI0.95 = 30.75, 45.62, p < 0.001), and reacquisition phases (SE =
2.81, CI0.95 = 29.47, 44.29, p < 0.001).
Moreover, there was a main effect of trial (F (4,165) = 3.94,
p = 0.004) as dogs in the last trial gazed less than in the first trial during
the extinction phase (SE = 5.09, CI0.95 = − 29.90, − 5.30, p = 0.002).
Finally, we found an interaction of group by phase (F (3,165) = 4.03,
p = 0.008). Pairwise comparisons showed that trained dogs gazed more
during the baseline (SE = 6.60, CI0.95 = 7.79, 33.98, p = 0.002),
extinction (SE = 6.52, CI0.95 = 10.28, 36.63, p = 0.001), and reac
quisition (SE = 2.36, CI0.95 = 0.57, 9.93, p = 0.028) phases than pet
dogs. See Fig. 2.
No other significant differences were found (ps > 0.05).
For the frequency of begging behaviors, the final model included
group, phase, trial, and age, and the interactions of group by phase, and
group by trial. The model yielded a significant effect of group (F (1,19)
= 5.57, p = 0.029) as trained dogs had a higher frequency of begging
behaviors compared to pet dogs (SE = 1.42, CI0.95 = − 0.40, 5.64).
Furthermore, we found a main effect of phase (F (1,87) = 28.84,
p < 0.001) as dogs begged more frequently during the baseline phase
than the extinction phase (SE = 0.37, CI0.95 = 0.21, 1.69). Moreover,
there was a significant effect of age (F (1,21) = 8.51, p = 0.008) indi
cating that older dogs displayed a decreased frequency of begging.
Additionally, we found an interaction of group by trial (F (2,87) = 3.31,
p = 0.041), but pairwise comparisons showed no significant effects (ps >
0.05).
No other significant differences were found (ps > 0.05). See Table 1.
For the frequency of stress behaviors, the final model included group,
phase, and sex, and the interactions of group by phase, and group by sex.
We found a significant effect of phase (F (1,94) = 49.59, p < 0.001) as
dogs during the baseline phase exhibited more stress behaviors
compared to the extinction phase (SE = 0.81, CI0.95 = 2.09, 5.32). Also,
there was an interaction of group by sex (F (1,19) = 7.23, p = 0.014) as
in the trained dogs’ group, females displayed more stress behaviors than

Begging Behaviors

Stress Behaviors

BL
E1
E2
E3
BL
E1
E2
E3

Trained Dogs

Pet Dogs

9.15 ± 8.99
5.92 ± 7.86
5.85 ± 8.97
4.62 ± 7.72
12.85 ± 11.16
8.69 ± 6.72
9.15 ± 8.39
8.54 ± 7.41

5.00 ± 6.45
1.83 ± 5.17
3.33 ± 7.24
3.17 ± 7.41
11.08 ± 11.06
6.67 ± 5.53
5.92 ± 4.89
4.83 ± 4.37

Note: BL: Baseline; E1, E2, E3: 1st, 2nd & 3rd extinction trials.

males (SE = 4.68, CI0.95 = 0.14, 19.81, p = 0.047).
No other significant differences were found (ps > 0.05). See Table 1.
3.2. Problem solving task
For the number of picked up bones, the final model included group,
phase, trial, and the interaction of group by phase. The model yielded a
significant effect of group (F (1,25) = 4.27, p = 0.049) as trained dogs
picked up more bones compared to pet dogs (SE = 0.50, CI0.95 = 0.28,
2.35).
Moreover, we found a significant effect of phase (F (2,130) = 73.04,
p < 0.001). Pairwise comparisons indicated that dogs removed fewer
bones during the extinction phase compared to the acquisition (SE =
0.46, CI0.95 = − 6.52, − 4.27, p < 0.001) and reacquisition phases (SE =
0.73, CI0.95 = − 7.67, − 4.37, p < 0.001).
Additionally, there was a main effect of trial (F (4,130) = 4.85,
p = 0.001) showing that dogs removed less bones in the last trial than in
the first trial during the extinction phase (SE = 0.54, CI0.95 = − 3.58,
− 0.94, p < 0.001).
Lastly, we found an interaction of group by phase (F (2,130) = 3.62,
p = 0.030) as trained dogs picked up a higher number of bones
compared to pet dogs during the extinction phase (SE = 0.46, CI0.95 =
0.57, 2.40, p = 0.002).
No other significant differences were found (ps > 0.05). See Fig. 3.
Moreover, Table 2 reports the mean and standard deviations of the
time interacting with the apparatus for each group. For this variable, the
final model included group, phase, trial, and the interaction of group by
phase. We found a significant effect of phase (F (2,106) = 88.24,
p < 0.001) as dogs interacted less with the apparatus during the
extinction phase compared to the acquisition (SE = 0.10, CI0.95 = 0.48,
0.95, p < 0.001) and reacquisition phases (SE = 0.17, CI0.95 = 0.43,
1.18, p < 0.001).
Finally, there was a main effect of trial (F (4,106) = 3.93, p = 0.005)

Fig. 2. Mean and standard errors of the duration (s) of gazing across phases
during the gazing task. Note: BL: Baseline, A: Acquisition, E: Extinction, RA:
Reacquisition. 1, 2, 3 Nº of the trial. * : p < 0.05.

Fig. 3. Mean and standard errors of the number of picked up bones during the
problem solving task. Note: A: Acquisition, E: Extinction, RA: Reacquisition. 1,
2, 3 Nº of the trial. * : p < 0.05.
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significantly increased in dogs that participated in advanced training,
both in a social gazing task and a non-social problem solving task.
There could be different explanations for the higher persistence
observed in trained dogs during each task. First, in many cases trained
dogs need to perform lengthy and complex sequences of behavior before
being reinforced and it is desirable that they persist in those situations
even in the absence of immediate reinforcement (Hall, 2017; Lazarowski
et al., 2019). Taking this into account, many trainers introduce partial
reinforcement during training, as schedules of partial reinforcement are
known to produce greater resistance to extinction in several species
(Amsel, 1962; Capaldi, 1994), including dogs (Feuerbacher and Wynne,
2012). Moreover, Thrailkill et al. (2016) trained rats on a search-target
behavior chain modeled on the search behavior of working dogs and
confirmed that partial reinforcement led to more persistent searching
behavior during extinction. According to this, it is possible that trained
dogs generalized this increase in persistence developed during their
training to the context of the evaluated tasks.
In relation to this, it is plausible that trained dogs, given their
increased exposure to partial schedules of reinforcement during
training, may have developed a greater tolerance to the effects of frus
tration due to absence of reinforcement and thus continued responding.
Several sources indicate that frustration due to the unexpected omission
of a reinforcer is an emotional response similar to stress (Papini and
Dudley, 1997). For instance, trained guide dogs exhibited less anxiety,
proximity seeking behaviors and vocalizations than pets after being
separated from their owner during an attachment test (Fallani et al.,
2006, 2007). However, this explanation is unlikely as there were no
differences between the groups in the frequency of stress behaviors
during the baseline and extinction phases of the gazing task, and the
frequency of stress behaviors was low in both groups during the problem
solving task. In this sense, it is possible that the stress levels induced by
the present tasks may have been low overall, which could have lead to a
floor effect in which differences between the groups could not be
observed. Finally, it should be noted that studies focusing on stress
management in trained dogs are still scarce and more research should be
pursued.
Another possible explanation for the increased persistence of trained
dogs is related to the fact that, compared to pets, they experience a
greater number and quality of interactions with their handler during
their life, which could in turn increase their social behaviors including
gazing. This is in line with previous studies that employed the same tasks
to examine the behavior of populations of dogs that differed in their
amounts of experience with humans. For instance, dogs living in shelters
gazed significantly less than pets during the extinction phase, which
could be due to them having fewer daily experiences interacting with
people in which communicative behaviors are reinforced (Barrera et al.,
2011, 2018). Conversely, dogs that participate in AAI and have
increased levels of interaction with people persisted more during the
extinction phase than pet dogs (Cavalli et al., 2018, 2019). Moreover,
trained dogs are more frequently exposed to novel objects, environments
and situations, and they often need to solve problems independently. In
accordance with this, during the problem solving task shelter dogs
which have fewer of those experiences persisted less than pet dogs
(Barrera et al., 2015), while AAI dogs with greater daily stimulation,
persisted more (Cavalli et al., 2019).
Although the predictions suggested that trained dogs would perform
better on the problem solving task, there were no differences between
the groups during the acquisition phases of neither task. It is important
to highlight that this phase could be understood in terms of persistence
as the motivation related to the task and attempts to solve a problem.
These findings have two important consequences to further understand
the persistence of trained dogs during the extinction phase. First, they
suggest that both groups were equally motivated to solve the task.
Second, the differences between the groups that were observed during
extinction were not due to differential learning of the task.
Regarding the reacquisition phase, trained dogs gazed longer that

Table 2
Mean (in bold) and standard deviations of the rate of time interacting with the
apparatus across groups during the acquisition, extinction and reacquisition
phases of the problem solving task.

Rate of Time Interacting with the
Apparatus

Trained
Dogs

Pet Dogs

A1

0.93 ± 0.12

A2

0.99 ± 0.01

A3

0.96 ± 0.12

E1

0.36 ± 0.26

E2

0.18 ± 0.12

E3

0.19 ± 0.22

RA

0.99 ± 0.02

0.81
± 0.22
0.88
± 0.11
0.82
± 0.24
0.26
± 0.17
0.26
± 0.34
0.10
± 0.15
0.96
± 0.04

Note: A1, A2, A3: 1st, 2nd & 3rd acquisiton trials; E1, E2, E3: 1st, 2nd & 3rd
extinction trials, RA: Reacquisition.

indicating that dogs spent less time interacting with the apparatus in the
last trial compared to the first trial during the extinction phase (SE =
0.05, CI0.95 = − 0.29, − 0.05, p = 0.003).
No other significant differences were found (ps > 0.05).
The raw data of the performance of the dogs in both tasks was
included as a supplementary material.
4. Discussion
The aim of this study was to compare the behavior of trained and
untrained dogs in two different tasks, one of social nature and one nonsocial, in which a behavior was initially reinforced and then it was put
under extinction when the reward was not available anymore.
All in all, and in accordance with the predictions, trained dogs were
more persistent in their behaviors when they were no longer rewarded
compared to untrained pet dogs. Specifically, in the gazing task trained
dogs gazed significantly more towards the human face than pet dogs
during the baseline and extinction phases. This suggests that trained
dogs were more attentive to the human face to begin with, and they
persisted more on this communicative attempt when this response was
not successful. It is important to mention that during the gazing task, the
higher gazing duration of trained dogs was also observed during the
baseline. Although this occurred before being explicitly reinforced for
gazing in the context of the task, it is possible that gazing and attention
to the handler have been greatly reinforced during their training ses
sions. In this sense, the baseline could also include a process of extinc
tion of this response that had been learned during the daily lives of these
dogs.
These results are consistent with the begging behaviors observed
during the task, as they were more frequent in the trained dogs group
compared to the pet group. It is important to take into account that the
score of begging behaviors included the exhibition of previously learned
behaviors such as offering a paw, covering their face, spinning around,
etc. It is possible that in this novel situation in which there was highly
appetitive food visible but out of reach, trained dogs appealed to other
behaviors that had been reinforced in their previous training, such as
tricks.
On the other hand, in the non-social problem solving task, the
trained group picked up significantly more plastic bones, and this effect
was observed in the extinction phase in which there was no food inside
of the apparatus. However, this difference was not found in the time they
spent interacting with the apparatus, which suggests this variable may
have been less sensitive.
In sum, persistence assessed as resistance to extinction, was
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pets, which suggests they experienced a faster recovery of their response
after extinction. This could suggest a greater flexibility of trained dogs to
adapt to repeated changes in contingencies (e.g., Craig et al., 2019;
Davenport, 1969). However, this explanation should be taken with
caution as this effect was not observed during the non-social task and
further research is needed.
Finally, it is important to mention that in all cases dogs were sensi
tive to the changes in reinforcement contingencies, as their performance
changed across phases. Moreover, in both tasks there was a decrease in
the responses comparing the first and the last extinction trial. These
findings provide a greater understanding of the flexibility and learning
of dogs regarding different abilities. This is particularly relevant given
that gazing to the human face and problem solving are two abilities of
upmost importance in the daily lives of dogs. Moreover, they are
fundamental abilities for trained dogs. In particular, during advanced
training dogs need to be very attentive to their handlers, and attention to
the handler has been reported to be an important factor in the proba
bility of them obeying a command (Braem and Mills, 2010). In line with
this, Mongillo et al. (2016) observed that highly trained dogs gazed
more at their handlers during obedience exercises than novice and un
trained dogs, which implies that gazing increases with more advanced
training. Accordingly, highly trained dogs have been found to be more
successful than untrained dogs in non-social problem solving tasks
(Carballo et al., 2020; Marshall-Pescini et al., 2008, 2016; Range et al.,
2009).
Another remarkable effect is that in the gazing task both begging and
stress behaviors were higher during the baseline than during the
extinction phase. It is possible that dogs got habituated to the lack of
reinforcement as the task developed. Moreover, the baseline may have
been a novel and confusing situation for the dogs, which could have
provoked an increase in behaviors directed to the person. As these be
haviors were not successful, they may have decreased during the
extinction phase. It is important to consider that stress behaviors during
the problem solving task were notoriously low.
In terms of other modulatory variables such as age and sex, differ
ences were observed only in the gazing task. Older dogs exhibited less
begging behaviors. This could be because older dogs may have been less
motivated by the food, as less food motivation and searching behavior
was observed in older rats compared to younger ones (Amancio-Belmont
et al., 2017). Moreover, there was a significant interaction between sex
and group regarding stress levels, as female dogs from the trained group
exhibited more stress behaviors than males. This is an unexpected
finding, as although some studies reported greater stress responses in
females (e.g., D’Aniello et al., 2021, 2022), there are no evidences
linking these differences with training experience. However, these re
sults should be interpreted with caution as there were no other effects of
age or sex observed in the principal variables of either task, such as
gazing duration, the number of picked up bones and the time interacting
with the apparatus.
One aspect to consider, that highlights the robustness of the present
findings, is the heterogeneity of the sample of trained dogs that were
evaluated in this study, as they participated in very different activities.
Some evidences indicate that the sociocognitive abilities of trained dogs
differ according to the tasks they need to perform (e.g., Carballo et al.,
2020; Marshall-Pescini et al., 2009). However, in the current study we
observed an increase in persistence of trained dogs regardless of the type
of training they had received which suggests this could be a global effect
of advanced training.
Another advantage of the current study is that the dogs from both
groups lived in similar conditions as they all lived inside of the house
and interacted often with the family. This is of particular relevance,
given that trained dogs are sometimes housed in kennels while they are
not working, and this limited contact with people during their daily lives
can greatly affect their behavior in cognitive tasks (e.g., Scandurra et al.,
2015).
Finally, another strength of this study is that trained and pet dogs’

groups were matched in terms of breed groups. This allows to partly
control that the observed differences are not due to the breed of the
dogs, and it is a factor that has not always been considered in prior
literature.
On the other hand, one important limitation of the studies featuring
adult trained dogs, is that these dogs could have differed from pets
before they received any training. For instance, individual differences in
aspects such as temperament, inhibitory control, problem solving abil
ities, gazing behavior and short term memory have been found to affect
the success of dogs in working programs (e.g., Bray et al., 2017; Lazar
owski et al., 2020a; MacLean and Hare, 2018; Svartberg and Forkman,
2002). Therefore, longitudinal studies are of particular relevance to
disentangle the effects of preexisting characteristics from the effects of
advanced training on the behavior of dogs.
In conclusion, trained dogs showed a greater persistence of their
learned responses assessed as resistance to extinction in both, a social
and a non-social task. This indicates a greater ability to maintain their
behaviors upon a disruption such as the absence of reinforcement.
Further research is needed to examine the impacts of this ability on
applied areas, both in the maintenance of desirable long chains of
behavior as well as the reduction of problematic responses.
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