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a  b  s t  r  a c t

Dogs are  able to solve  different problems by  trial and error learning, but it seems  that  they  cannot  under-
stand  the  means-end  connection.  Some  studies  suggest  that dogs’ performance is influenced  by  their
breed and  by  the  level of familiarity  with  the  person  they interact  with. In our  study,  we  assess  individ-
ual differences  in both  social and  non-social  responses  in a problem-solving  task  during  the  acquisition,
extinction,  and  reacquisition  phases. In  order  to investigate  the  effect  of familiarity,  in the  first  experi-
ment,  the  human present during  the  task  was  either  a  familiar (the dog’s owner)  or  unfamiliar person.  In
the  second  experiment,  we  compared  breeds  (Retrievers and Shepherds)  that  had  previously  shown  dif-
ferences in a  communicative  task. The results  revealed  that  all groups  learned  the  task  and  became  more
efficient  in the  acquisition  trials.  These  non-social  responses  diminished during  extinction,  where  an
increase in social  responses  was  observed.  With  regard to  individual  differences,  dogs were  more persis-
tent  in searching the  reward  during  the  second extinction  trial  when the  owner was present (in  contrast
with  a  stranger),  and also looked longer at the  unfamiliar person at  the  beginning  of the  acquisition
trial. On the other  hand, Retrievers showed  greater  social  motivation during  reacquisition  and Shepherds
picked  up  more bones during  the  third acquisition  trial,  thus  suggesting  a more  persistent  search of
the  reward. These findings  highlight the  relevance  of studying different learning  schedules  as  well  as
individual differences  in problem-solving  ability  so as  to improve  selection and  training  techniques.

©  2015  Elsevier B.V.  All  rights  reserved.

1. Introduction

Problem solving can be defined as a  subset of instrumental
responses that appear when an animal cannot achieve a  goal using a
direct action. Therefore, the subject needs to perform a novel action
or an innovative integration of available responses in order to solve
the problem (Scheerer, 1963). This ability has been studied in dogs
using a wide variety of tasks (e.g., Frank and Frank, 1985; Miklósi
et al., 2003; Osthaus et al., 2005; Scott and Fuller, 1965). One of the
most commonly used activities is the string-pulling task, designed
by Köhler (1925), in which a  piece of food is attached to a rope and
put out of the dog’s reach. The subject has to pull the rope to obtain
the reward. Dogs are successful in solving this task but they cannot

∗ Corresponding author at: Grupo de Investigación del Comportamiento en
Cánidos (ICOC) Instituto de Investigaciones Médicas (IDIM) CONICET-UBA Combat-
ientes  de Malvinas 3150 (1426) Buenos Aires, Argentina. Tel.: +54 111536956417.Q4

E-mail address: marianabentosela@gmail.com (M.  Bentosela).

understand the means-end connection; hence, the mechanism to
solve the problem is  trial-and-error instrumental learning (Osthaus
et al., 2005; Range et al., 2012). Additionally, they had the ability
to solve a cooperative version of this problem. In  this task, the dog
has to pull one end of the rope and, at the same time, another dog
or human has to do the same at the other end in  order to obtain the
reward (Ostojić and Clayton, 2014).

However, some dogs appear able to learn to pay attention to  con-
nectivity using another task. In this problem, dogs have to choose
between two boards, one with a  reward (on) and another with the
reward placed next to  the board (off). The results showed that dogs
chose the “on” board when both rewards were placed at the same
distance from the dog or closer to the dog. They were able to  solve
the task even when the “off” board was closer to them (they did not
commit the proximity error). (Range et al., 2011). However, more
recently, Müller et al. (2014) were unable to replicate these results,
despite the fact that the dogs learned to solve the task with train-
ing. Furthermore, they were only able to show transfer to  two of
the three new conditions in which some stimuli of  the experimen-
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tal setup had been changed. The authors concluded that dogs can
learn to solve the support problem based on perceptual cues, but
seemingly without developing an understanding of the underlying
causal structure.

Dogs have demonstrated remarkable abilities to solve problems
using human communicative cues, such as following a  pointing ges-
ture to find hidden food (e.g., Miklósi and Soproni, 2006). Likewise,
several studies have revealed that when dogs are exposed to  an
unsolvable problem they tend to look at a person to ask for help
(e.g., Marshall-Pescini et al., 2009, 2008; Miklosi et al., 2003).

Regarding communicative abilities, some authors have stated
that such skills are the result of domestication and are somewhat
independent of ontogeny (e.g., Hare et al., 2010; Miklósi et al.,
2003). However, several pieces of evidence support the idea that
learning and experiences during ontogeny would play  a  significant
role (e.g., Barrera et al., 2012; Bentosela et al., 2008; Udell et al.,
2010). For example, different associative learning procedures (rein-
forcement, extinction, and omission) modified the duration of the
gaze at the human face when a reward was unavailable as well
as the following of human pointing gestures to  find hidden food
(Bentosela et al., 2008).

In addition, some studies indicate that dogs’ performance
changes according to the level of familiarity (owner-stranger) with
the person present during the task (Elgier et al., 2009; Kerepesi
et al., 2014; Marshall-Pescini et al., 2012). For instance, Elgier et al.
(2009) demonstrated that, in an object-choice task, the extinc-
tion of following pointing gestures took longer if the pointer was
the dog’s owner compared to a  stranger. These studies show-
ing differences in dogs’ performance based on reinforcement or
on the familiarity with humans (owner vs. stranger) attest to
the importance of learning and experiences during ontogeny in
the underlying mechanisms of dogs’ social cognitive skills (e.g.,
Bentosela et al., 2008; Udell et al., 2010; Wynne et al., 2008). To
our knowledge, there are no previous studies comparing the effect
of the presence of the owner vs. a  stranger during a  non-social
problem in  which dogs can solve the task by  themselves, without
interaction with the human. The level of familiarity of the person
who interacts with the dog can be an important source of individual
differences in social and non-social tasks.

Another important source of individual differences is the breed
of the dog. There is a lot of anecdotal knowledge about breed differ-
ences. However, scientific studies are, unfortunately, scarce (Dorey
et al., 2009) and are  mainly related to  social problem-solving skills.
In this sense, Wobber et al. (2009) demonstrated breed differences
in an object-choice task by  assessing the ability to follow differ-
ent human cues to  find hidden food. However, a  meta-analysis
involving different studies failed to  find any significant differ-
ences between breeds in pointing tasks (Dorey et al., 2009). Using
another important communicative response, Jakovcevic et al.,
(2010) showed that, when a  reward was unavailable, Retrievers
gazed longer toward the human face than Shepherds and Poodles.
This difference was observed during a  spontaneous test in which
food was in sight but out of the dogs’ reach, as well as during an
extinction procedure in  which gaze behavior was no longer rein-
forced.

One of the most important weaknesses in the breed comparison
studies is that there are hundreds of breeds and it is  very difficult
to select which will be compared. Today, less than one fourth of the
existing breeds are represented in research studies on breed differ-
ences. Unfortunately, the main criterion often relates to  a  matter of
availability (Mehrkam and Wynne, 2014). More recently and for the
first time, Udell et al., (2014) have compared working breeds with a
specific selection pressure during domestication and have demon-
strated that breed-specific predatory motor patterns can serve as
an important predictor of success in  an object-choice task.

Furthermore, the empirical evidence of breed differences in
non-social cognition is scanty. Scott and Fuller (1965) developed
a broad program to compare the behaviors of various breeds and
found differences in problem-solving ability, aggressiveness and
emotionality. Plutchik (1971) detected differences in the tendency
to approach and withdraw in  novel situations. More recently, Svart-
berg (2006) compared a  large number of breeds in their response
to sudden stimuli.

In  recent years, the experimental approach of behavior has
become increasingly focused on studying individual differences
(Gosling, 2001), probably because this knowledge could improve
not only the comprehension of the mechanisms involved but also
the selection of the most suitable dogs to perform different tasks.
Considering that in  many activities such as assisted therapy, res-
cue, guard, etc. dogs are selected by their breed, the knowledge of
behavioral differences between breeds is  relevant.

This work has several objectives. First, to assess if associative
learning shapes social and communicative responses, even when
dogs have to solve a  non-social task in  which they have to remove
plastic bones from a  plate to get the reward. This problem can be
solved without any help from humans. The task comprises three
learning procedures: acquisition, extinction and reacquisition. The
evaluation of the effects of associative learning will provide infor-
mation on how behaviors are modified in  order to  solve a  problem. If
these learning procedures also affect social behaviors during prob-
lem solving, we can support the hyphotesis that learning is  one
of the mechanisms responsible for communicative responses to
humans.

Second, to assess whether the familiarity of a  person (owner-
stranger), present during the task, shapes the social and non-social
responses of the dogs (Experiment 1). It should be noted that in
most studies the owner and the stranger are together at the same
time. Therefore, the owner may  be a  relevant stimulus and can over-
shadow the presence of the stranger. Moreover, he  can reduce fear
or curiosity reactions toward him. Hence, we compare the presence
of each person (owner-stranger) staying alone with the dog.

Third, to evaluate the individual differences in the problem-
solving skills of Retrievers and Shepherds (Experiment 2). We  have
selected these breeds because they have already shown differences
in  gazing at the human face when a reward was  unavailable, and
this communicative behavior could be relevant to  the task under
analysis (Jakovcevic et al., 2010). However, in this case, the dogs
have no need to  interact with the person to use the food device and
both, social and non-social responses, are evaluated at the same
time. If Retrievers are more sociable than Shepherds, they will show
more social responses during the task and look longer at the per-
son. In addition, these results could extend the differences found
between these breeds to a  new non-social task.

Finally, with regard to  the potential scope of this approach, we
can assess in  both experiments which groups are more persistent
in trying to  solve the task during extinction when food is no longer
available. The animal’s level of persistence as a response to different
reinforcement programs may  indicate its adaptation to different
types of training. High persistence may  be optimal for certain tasks
where no continuous reinforcement can be provided and the dog
has to  give a long response chain without obtaining any reward. In
other cases, it may  prevent the animal from having a  more flexible
behavior and searching other sources of reinforcement. Moreover,
evaluating whether the presence of the owner during task learning
may  affect the dog’s performance is  indeed valuable for designing
training situations where the owner may  or may  not be present,
depending on the goals to be  achieved. In addition, contributing to
the scanty volume of empirical knowledge on breed characteris-
tics will help make a  better selection thereof for different types of
training and tasks the dog may  perform. In the long run, the dissem-
ination of this knowledge will also help future owners make a  better
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selection of their dogs. Unfortunately, given the little empirical evi-
dence available on breed differences, owners base their dog choices
on anecdotal information, which, in some cases, might increase
incompatibility between the owners’ and the dog’s characteristics.

2. Study 1

2.1. Method

Thirty-nine subjects were assessed. Fifteen were discarded
according to the exclusion criterion (see 2.3 Procedure). The
final sample comprised 24 adult dogs (Canis familiaris), randomly
assigned to two groups: Familiar Group (FG) and Unfamiliar Group
(UG). The unfamiliar person was always a woman. FG consisted of
8 males and 4 females, mean age: 4.1, SD: 2.4 years, from various
breeds (2 Labrador retrievers, 1 Golden retriever, 1 German Shep-
herd, 1 Poodle, 1 Cocker Spaniel, 1 Bull  Terrier and 5 mixed breeds).
The UG  included 6 males and 6 females, mean age: 4.71, SD: 2 years,
from various breeds (1 Brittany Spaniel, 1 Great Dane, 1 Rottweiler,
1 Bull Terrier, 1 Shar-pei, 1 Neapolitan Mastiff, 1 Pit Bull  Terrier
and 5 mixed breeds). All  of them lived in family households as pets
and had not received obedience training. Eight dogs had already
been assessed in an object-choice task in  which dogs had to follow
a human pointing gesture to  find hidden food in one out of two
opaque bowls. They had no experience with the apparatus or the
experimenter.

2.2. Apparatus

The experiment was conducted in a  familiar room of the dogs’
home. The apparatus used was Nina Ottosson© Dog Magic, con-
sisting of a  round plate, 36 cm in diameter, with nine bone-shaped
depressions containing nine plastic bones. Eight bones are  arranged
in a circle and a  ninth one is located in  the center. Each bone had a
small hole to release the smell of food. Small pieces of cooked liver
were used as reinforcement and were hidden under each bone. In
addition, the whole bowl surface was spread with large quanti-
ties of liver to distribute the smell evenly. The device was  placed
on a carpet (75 ×  45 cm)  to  prevent slipping. A person (the exper-
imenter, E) sat down on the floor 1 m away from the apparatus. A
helper, located 1 m in a straight line from the apparatus, recorded
the sessions. Sessions were taped with a Sony DCR-SR 88 camera.
During the session only the dog, the E, and the unknown person
who  operate the camera were present. Fig. 1 shows an image of the
experimental setting used.

2.3. Procedure

The problem-solving task consists of learning to remove nine
bones from the apparatus in  order to  obtain the piece of liver hidden
under each bone.

After a familiarization period of 3–5 min, the sessions began.
During familiarization, dogs had no access to  the device. The
procedure comprised three phases: acquisition, extinction, and
reacquisition. For half of the dogs the E was an unknown woman
(Unfamiliar Group) and for the other half the E was the owner
(Familiar Group), who was previously instructed on the procedure.
The exclusion criterion was discarding the dogs that did not pick
up a  bone by  themselves during acquisition 1 and 2.  This criterion
was used to  ensure that the dogs had learned the task before the
extinction phase.

2.3.1. Acquisition Phase
This  phase consisted of three trials with a  2 min  inter-trial inter-

val. In the first trial, we used a  continuous reinforcement schedule
so that all bones contained food. The trials began when the E

Fig. 1.  Image of the experimental setting. (A) an  example of non-social behavior,
(B)  an example of social behavior.

entered the room and left the device on the carpet. Immediately
after this, she sat on the marked point 1 m away from the toy. If  the
dog did not spontaneously remove any bone within 1 min, the E
called it by its name and, while pointing at the device, lifted a  bone
to show the hidden food and let the dog eat. A  similar instigation
was repeated at minute 2 and 3 if the dog was  still unable to  pick
up any bone on its own. Only three dogs from the owner group and
one from the stranger group were instigated. The trial ended after
5 min  or when the dog had obtained all the pieces of  food.

In order to  increase the persistence of  the learned behaviors
during extinction (Amsel, 1962)  the second and third acquisition
trials were of partial reinforcement, with 5 out of  9 bones containing
food semi-randomly placed and with no baits in  more than two
adjacent bones. During these two  trials there was  no instigation
and the E remained motionless gazing at the dog. The trial ended
after 3 min  or when the dog had obtained all the food. During the
intervals, the dog remained in the room and the person filled the
device in an adjacent room.

2.3.2. Extinction Phase
There was  a  2 min  interval between the acquisition and extinc-

tion phases. Two  3 min  extinction trials were conducted. There was
a  2 min  inter-trial interval. In these trials, none of  the bones were
baited. The E remained motionless gazing at the dog, but did not
interact with it.

2.3.3. Reacquisition
There was a  2 min  interval between the extinction and reacqui-

sition phases. This phase comprised one single trial. The conditions
were similar to  those in acquisition trials 2 and 3.

2.3.3.1. Behavioral observations. We  observed two  categories of
behaviors:

2.3.3.1.1. Non-Social behaviors.
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1 Latency of the first bone picked up, measured as the time elapsed
between the beginning of the trial and the first bone picked up
by the dog. If the dog did not pick up  any bone on its own, a maxi-
mum latency of 5 min  was considered for trial 1 and 3 min  for the
remaining trials. We  used a  frame by  frame (0.3 s)  assessment.

2 Number of bones picked up in each trial.
3 Number of eaten rewards.
4  Time (s) interacting with the device: cumulative duration of

the time spent interacting with the device or  a  bone (licking,
smelling, chewing, etc.).

2.3.3.1.2. Social behaviors.

5 Time (s) spent near the E: cumulative duration of the time that
the dogs stayed with both forelegs and head near the E (less than
75 cm).

6 Time (s) spent in physical contact with the person.
7  Gaze duration (s) towards the human face.

Variables 4–7 were assessed using the JWatcher behavioral
observation software V 1.0.

2.4. Data analysis

Two independent observers analyzed all the measures in  100%
of the video-taped material. To test inter-observer reliability,
Spearman’s coefficients of correlation were calculated. For all the
measures (rs  >  0.95, Ns =  24, ps <n 0.05).

Considering that the dependent variables did not achieve the
criteria for parametric analysis, non-parametric tests were used:
Mann–Whitney U-tests were used to compare the performance
between groups. Wilcoxon and Friedman ANOVA tests were used
for two or more repeated measures analysis respectively. The alpha
value was set at 0.05. All analyses involved two-tailed tests.

For the variables time spent near the device, time near the per-
son, time spent in  contact with the experimenter and gaze duration
towards the human face, given that the duration of trials was not
fixed, a  rate was conducted for each trial. The total duration time
of a variable in one trial was divided by  the total duration of this
trial. For example, if the dog  spent 15 s near the person and the trial
lasted 65 s,  we divided 15/65; therefore, the value was 0.23.

3. Results and discussion

3.1. Comparisons between groups

Table 1 shows means (SD) of the variables along trials. The com-
parisons between groups using a  Mann–Whitney U test showed
that during the second extinction trial FG spent significantly more
time near the device than UG, Z  =  −2.11, p =  0.035 NFG =  12, NUG =  12.
These results indicate that the presence of the owner increased the
duration of food searching behaviors during the second extinction
trial. It is  probable that the reinforcement’s history with the owner
could increase motivation and persistence. The remaining trials did
not show significant differences, (Zs < 1.809, ps >  0.05) (Fig. 2).

In addition, Fig. 3 showed that, dogs of the UG gazed longer
to the human face than FG group during the first acquisition
trial (Mann–Whitney U: Z = −2.15, p =  0.031, NFG =  12, NUG =  12. The
remaining comparisons were non-significant, (Zs <  1.80, ps > 0.05).

As already said, when food is out of reach, dogs tend to look
at the human experimenter as a communicative begging response.
Although the first acquisition trial is not unsolvable, dogs have to
learn how to solve it by trying different responses until they suc-
ceed in picking up the bones. Therefore, one possible explanation
is that dogs are gazing at the human face asking for food, and they

Fig. 2. Duration ratio (cumulative duration of the behavior/total duration of the
trial) of the time interacting with the device in the unfamiliar and familiar groups
during  the three acquisition trials (A1–A3), extinction (e1, E2) and reacquisition (RA)
in  Study 1. The box represents the interquartile range, which contains 50% of the
values, and the bold lines indicate the median. The error bars extend from the box
to  the  highest and lowest values.

Fig. 3. Duration ratio (cumulative duration of the behavior/total duration of the
trial) of gaze toward the unfamiliar and familiar person during the three acquisition
trials (A1–A3), extinction (e1, E2) and reacquisition (RA) in Study 1. The  box repre-
sents the interquartile range, which contains 50% of the values, and the bold lines
indicate the median. The error bars extend from the box to the highest and lowest
values.

requested more food from the stranger compared to the owner.
However, it is  also possible that the presence of a stranger may
increase their curiosity, and dogs show more exploratory behav-
iors toward him than toward the owner, which would lead to a
longer gaze at the human face. The fact that this difference is not
found in extinction, when the task becomes unsolvable, supports
our second explanation.

The Mann–Whitney U analysis showed that there are no sig-
nificant differences between UG and FG: latency to  the first bone
picked (Zs <  −1.41, ps > 0.05), number of bones picked (Zs <  −1.86,
ps > 0.05) and eaten rewards (Zs < −1. 80 ps >  0.05), time spent near
the person (Zs <  −1.72, ps > 0.05) and time spent in contact with the
person during all trials (Zs <  −1.44, ps > 0.05).

3.2. Comparison between trials

During acquisition the latency of the first bone picked decreased
along trials (Friedman test, X2 (2) =  7.35, p = 0.025). This indicates

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

dx.doi.org/10.1016/j.beproc.2015.02.002


Please cite this article in  press as: Shimabukuro, C., et al., Individual differences in social and non-social behaviors in  domes-
tic dogs (Canis familiaris) during the acquisition, extinction and reacquisition of a  problem solving task. Behav. Process. (2015),
http://dx.doi.org/10.1016/j.beproc.2015.02.002

ARTICLE IN PRESSG Model
BEPROC 3003 1–8

C. Shimabukuro et al. /  Behavioural Processes xxx (2015) xxx–xxx 5

Table  1
Means (SDs) of Familiar and Unfamiliar Groups of the Experiment 1.

Gr Acq 1 Acq 2  Acq 3 Ext 1 Ext  2  Re-acq

Latency of the first picked bone F  33.85 (36.91) 8.27 (6.13) 7.09 (5.21) 6.27 (4.20) 5.11 (4.05) 7.64 (8.62)
U  25.5 (28,28) 9.27 (8) 8.53 (6.48) 8.44 (9.94) 10.18  (8.72) 9.98 (8.58)

Number  of picked bones F  8.08 (2.60) 8.33 (0.98) 9  (0)  7.66 (1.77) 8.33 (1.43) 8.91 (0.28)
U  8.33 (2.3) 8.66 (0.77) 8.66 (0.65) 7.75 (1.71) 6.91 (2.19) 8.75 (0.62)

Number  of eaten rewards F  8.33 (1.77) 4.91 (0.28) 5  (0)  – –  5 (0)
U  8.25 (2.59) 5 (0) 5  (0)  – –  5 (0)

Time  (rates) spent near the person F  .06 (.07) .03 (.04) .05  (.10) .12 (.13) .10  (.12) 0  (0)
U  .04 (.07) .04 (.05) .01  (.03) .12 (.13) .04  (.08) .01  (.03)

Time  (rates) spent in contact with the person F .19 (.39) .04 (.09) 0 (0) .57 (.01) .36  (.84) 0  (0)
U  .11 (.18) .33 (.78) .24 (.67) .53 (.82) .23  (.55) .02  (.10)

Note: F = Familiar Group; U = Unfamiliar Group; M =  mean; SD =  standard deviation, GR =  group; Acq =  acquisition, Ext = extinction and Re-acq =  reacquisition.

that animals learn to solve the task faster along trials. Never-
theless Wilcoxon analysis showed that there are no significant
differences between both extinction trials and between the last
acquisition and each extinction trials, Zs <  0.71, ps >  0.05. Regard-
ing the number of bones picked up, there were no differences
during acquisition X2 (2) =  2.88, p  =  0.236, nor between extinction
trials (Wilcoxon test: Zs =  −0.285, p = 0.776) but dogs picked up
less bones during the first (Wilcoxon test: Zs =  −2.88, p =  0.004)
and second extinction trials (Wilcoxon test Zs  =  −2.84, p  =  0.004)
compared to the last acquisition trial. This would indicate that all
dogs succeeded in solving the task during acquisition but their
performance decreased during extinction, when they did not  find
any food under the plastic bones. For the remaining variables, the
analysis revealed a  significant decrement in  the time spent inter-
acting with the apparatus along the acquisition trials, X2 (2) =  22.26,
p = 0.0001, probably associated with the effect of learning the task.
However, Wilcoxon analysis revealed that there were no signifi-
cant differences between extinction trials, Z  =  −0.34, p  =  0.732. We
also observed a  significant decrement in  the rates of time spent
interacting with the device between: acquisition 3 and extinction
1, Z = −4.14, p = 0.0001, acquisition 3 and extinction 2,  Z =  −3.94,
p = 0.0001 and extinction 2 and reacquisition, Z =  −4.10, p =  0.0001.
These results show that the dogs spent less time interacting with
the apparatus during extinction, probably explained by the lack of
food.

As for time spent near the E (see Fig. 2), there are no differ-
ences during acquisition, X2 (2) =  3.78, p =  0.151. Wilcoxon analysis
showed significant differences during extinction, the animals spent
more time near the person in the first extinction trial than in the
second, Z =  −2.17, p  =  0.030. The comparison between phases shows
a significant increment between the last acquisition trial and the
first extinction trial, Z = −2.41, p = 0.016 but not with the second
one Z  =  −1.71, p  =  0.087. This is  probably due to the fact that during
the first extinction trial the time spent near the experimenter was
increased, and then decreased in  the second trial. Still, time near
the person was significantly longer in this second extinction trial
compared with the reacquisition, Z =  −2.69, p = 0.007.

These results are similar to  those obtained with the variable time
spent in physical contact with the experimenter. There were no dif-
ferences during acquisition, X2 (2) =  3.15, p = 0.207, but a  significant
difference was found during extinction trials, Z =  −2.24, p = 0.025.
Again, comparison between phases using Wilcoxon test shows an
increment in this variable between the last acquisition and the first
extinction trials, Z  =  −2.79, p  =  0.005 and between the extinction 2
and the reacquisition trial, Z =  −2.80, p =  0.005. However, there were
no significant differences between the acquisition 3 and the second
extinction trial, Z = −1.58, p = 0.114.

Lastly, gaze duration toward the human face (Fig. 3) significantly
decreased throughout acquisition, X2 (2) = 8.80, p =  0.012. The com-
parisons between trials using Wilcoxon test showed no differences
between extinction trials, Z  =  −1.24, p = 0.212. Gaze duration was

significantly shorter in the last acquisition trial compared to the
first (Z =  −3.21, p  =  0.001) and second extinction trials (Z =  −3.05,
p  =  0.002). This second trial also showed longer gaze duration than
the reacquisition, Z =  −2.35, p  =  0.019 according to the increment
in the response observed during extinction. Even though gaze
duration was longer when the task had not yet been solved on
the first acquisition trial and when their responses had not been
successful anymore in extinction, the rate of  gaze duration was
significantly higher on the first extinction trial compared to acqui-
sition 1,  Z = −2.25, p = 0.024. This would support the idea that gaze
behavior increases when food is  not directly available.

In sum, regarding non-social responses, dogs show an improve-
ment in  their problem-solving skills throughout acquisition and
a decline in  performance during extinction trials. As for social
responses, there is an increment in social behaviors at the beginning
of the task in the first acquisition trial as well as during extinction,
which reflects the dog’s difficulty to solve the problem and suggests
that the person becomes relevant when the dog is  unable to get
food by itself. These results imply, first, that dogs learn to  solve the
problem through a  trial-and-error mechanism. Second and more
importantly, that learning is able to modify social and commu-
nicative responses toward humans, even during a non-social task.
At the same time, the familiarity with the person also modifies
these social responses. Regarding the debate about communication
mechanisms, this evidence highlights the relevance of associative
learning and experiences during ontogeny to elicit social responses
when dogs interact with humans.

4. Study 2

The aim of this study was to assess whether breeds, Shepherds
and Retrievers, that had shown differences in  an important com-
municative response such as gazing (Jakovcevic et al., 2010)  also
differed in social and non-social responses in a problem-solving
task when the person present remained passive.

4.1. 1  Methods

4.1.1. Subjects
Thirty-six dogs were evaluated and according to the same exclu-

sion criterion as Study 1, 13 had to  be  discarded. The final sample
included 23 adult dogs (C. familiaris), assigned to two groups
according to the dog’s breed: Retrievers Group (RG) and Shepherds
Group (SHG). RG included 8 males and 4 females, mean age: 5.5,
SD: 2.1 years, 5 Golden Retrievers and 7 Labrador Retrievers. SHG
consisted in  6 males and 4 females, mean age: 5,  SD: 3.1 years, 8
German Shepherds and 2 Belgium Shepherds. All of  them lived in
family households as pets and had not received obedience training.
Seven dogs had already been assessed in pointing tasks.

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

dx.doi.org/10.1016/j.beproc.2015.02.002


Please cite  this article in  press as: Shimabukuro, C., et al., Individual differences in  social and non-social behaviors in  domes-
tic dogs (Canis familiaris) during the acquisition, extinction and reacquisition of a  problem solving task. Behav. Process. (2015),
http://dx.doi.org/10.1016/j.beproc.2015.02.002

ARTICLE IN PRESSG Model
BEPROC 3003 1–8

6 C. Shimabukuro et al. /  Behavioural Processes xxx (2015) xxx–xxx

Fig. 4. Duration ratio (cumulative duration of the behavior/total duration of the
trial) of the time spent near the person in Retrievers and Shepherds during the
three acquisition trials (A1–A3), extinction (e1, E2) and reacquisition (RA) in Study
2.  The box represents the interquartile range, which contains 50% of the values, and
the  bold lines indicate the  median. The error bars extend from the box to  the highest
and lowest values.

4.1.2. Procedure
The apparatus and procedure were the same as in Study 1,

except that in  both groups the experimenter was an unknown
woman. In this study only one Retriever and three Shepherds
received instigation during the first acquisition trial.

Two independent raters coded all the measures in 100%
of the video-taped material. The inter-observer reliability was
high (Spearman’s coefficients of correlation for all the measures
(rs > 0.93, Ns =  23, ps < 0.05).

5. Results and discussion

5.1. Comparison between groups

Table 2 shows means (SD) of the variables along trials.
Mann–Whitney U  analysis showed that SHG group picked up  signif-
icantly more bones than RG in  the third acquisition trial, when only
5 out of  9 bones had food (Z =  −2.05, p =  0.040, NR =  12, NSH =  11).
Fig. 4 showed that RG group stayed more time near the person dur-
ing reacquisition comparing to SHG (Z =  −2.24, p  =  0.025, NR = 12,
NSH = 11). These results could indicate that after the extinction
phase, when the device has food again under a  partial reinforce-
ment schedule, RG shows a greater social motivation as well as
less persistence searching the reward. The remaining comparisons
were non-significant: latency to the first bone picked (Zs <  −1.44,
ps > 0.05), number of bones picked (Zs < −2.05, ps >  0.05) and
eaten rewards (Zs <  −1.38 ps > 0.05), time spent near  the device
(Zs < −1.60, ps >  0.05) time spent near the person (Zs <  −2.24,
ps > 0.05) and time spent in contact with the person in the remain-
ing trials (Zs <  −1.40, ps >  0.05) (see Table 2).

5.2. Comparison between trials

Regarding the latency to the first bone picked, there was a  sig-
nificant decrease across acquisition trials, (X2 (2) = 12.96, p  =  0.002).
Also a decrease in the time spent near the device was observed,
(X2 (2) =  16.76, p = 0.0001). The remaining comparisons were per-
formed using Wilcoxon test. There was a  significant decrement
between acquisition 3 and both extinction 1 (Z =  −3.80, p  =  0.001)
and 2 (Z =−3.92, p = 0.001) as well as between extinction 2 and reac-
quisition (Z =  −3.10, p = 0.002). These findings suggest that animals
learned to  solve the task along trials.

There were significant increases on time spent near  the per-
son between acquisition 3 and extinction 1 (Z =  −3.21, p =  0.001)

when the reward was  no longer available. However, this time rate
decreased between extinction 1 and 2 (Z =  −2.16, p  =  0.030). Proba-
bly, at the beginning of the extinction phase dogs solicited help from
the person, but considering that she was  passive, the approaching
behavior rapidly diminished.

Regarding the rate of time spent in contact with the person,
there a  significant decrement between acquisition 3  and extinc-
tion 1(Z = −2.60, p = 0.009) and between the two extinction trials
(Z =  −2.58, p = 0.010).

Finally, and also according to  the previous results, gaze dura-
tion towards the human face significantly increased between last
acquisition trial compared to  extinction 1 (Z = −3.18, p = 0.001) and
2 (Z = −2.34, p  =  0.019). Also there was a  difference between the two
extinction trials (Z = −2.10, p = 0.036). The other comparisons were
non-significant, (Zs < 1.782, ps > 0.05) (see Table 2).

In  short, taking into account all the dogs, we  have observed a  pat-
tern of non-social responses similar to Study 1, which shows that
dogs are able to learn the task. Considering their social responses,
there was an increase both in the time spent near and in  contact
with the person and in the duration of the gaze toward the human
face during extinction. Again, this increment was also similar to that
observed in the previous study. As some authors have stated (e.g.,
Miklósi, 2003), these social responses, especially the gaze at the
human face when the reward is  unavailable, can be  interpreted as
begging behaviors. In this sense, the present findings could suggest
that dogs ask for help when they do  not  get the food. Another pos-
sibility is that the device was less salient during extinction, which
caused an increase in other alternative responses such as social
behaviors. According to unpublished data from our laboratory, dur-
ing extinction, dogs spent less time interacting with the apparatus,
both in  the presence or  absence of a  person. This would indicate that
the apparatus becomes less relevant during extinction (due to the
absence of food), so that alternative behaviors increase. However,
social responses in the presence of a  person may  also represent
begging behaviors.

In this task, breed differences were identified in social and
non-social behaviors. Retrievers showed a  greater social motiva-
tion, while Shepherds exhibited higher persistence in searching the
reward. Possibly, each breed paid more attention to one of the two
relevant stimuli (the device and the person). Strikingly, dogs were
reinforced by behaviors oriented toward the device but not by social
responses toward the person. We  may  conclude that the mere pres-
ence of a  human, even if a passive observer, has a reinforcement
value for retrievers.

5.3. General discussion

A  wide variety of evidence has demonstrated that dogs are capa-
ble of solving different problems by trial-and-error instrumental
learning, but they seem unable to understand the means-end con-
nection (e.g., Osthaus et al., 2005; Range et al., 2012). It  has been
observed in some cases that, when a  reward becomes an unsolv-
able task, dogs tend to  gaze toward the human face “to ask for help”
(e.g., Marshall Pescini et al., 2009; Miklosi et al., 2003). On the other
hand, some studies have shown that the presence of humans as well
as the breed of the dogs influence the way in  which dogs solve a
problem.

The present studies provide relevant information about the indi-
vidual differences noted both in social and non-social responses
during a problem-solving task in which a person is  present but
playing a  passive role. Our findings show, for the first time, that
communicative behaviors are  sensitive to learning, even when dogs
are exposed to  a  task that they can solve by themselves. Different
reinforcement schedules (acquisition, extinction and reacquisition)
modified not  only the non-social responses but also the social ones.
These results could suggest that associative learning is at least one
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Table  2
Means (SDs) of retrievers and shepherds groups of experiment 2.

Gr Acq1 Acq2 Acq3 Ext1 Ext2 Reacq

Latency (s) of the first
bone picked up

R 19.09 (31.79) 7.1  (4) 6.77 (5.25) 4.4  (3.24) 5.23 (4.13) 12.98 (23.92)
S  33.33 (39.54) 5.94 (3.04) 5.28 (5.29) 7.62 (6.94) 8.4  (6.25) 7.32 (6.14)

Number of bones picked up R 8.75 (0.62) 8.25 (1.71) 8.42 (1.16)* 8.08 (1.16) 7.67 (1.78) 8.58 (0.9)
S  8.55 (1.21) 8.82 (0.6) 9 (0)* 8.27 (1.01) 6.91 (2.43) 8.73 (0.9)

Number of eaten rewards R 8.91 (0.29) 4.75 (0.62) 4.83 (0.58) –  –  5 (0)
S  8.45 (1.21) 5 (0)  5 (0) –  –  5 (0)

Time  (rates) spent interacting with
the device

R .82 (.24) .89 (.24) .81 (.31) .51 (.22) .58  (.28) .77 (.28)
S  .86 (.19) .95 (.08) .89 (.22) .55 (.20) .42 (.28) .95 (.17)

Time  (rates) spent in
contact with the person

R .02 (.03) .02  (.05) 0 (.01) .1 (.23) .02  (.05) .03 (.11)
S  .02 (0.3) .01  (.01) 0 (.01) .03  (.03) .01  (.01) 0 (.01)

Gaze (rates) toward the
human face

R 0 (.01) 0  (0) 0 (0)  .01  (.01) 0  (.01) 0 (.01)
S  .01 (.02) 0  (.01) 0 (0)  .02  (.02) .01  (.01) 0 (.01)

Note: Retrievers Group; S  = Shepherds Group; M = mean; SD = standard deviation GR =  group; Acq =  acquisition, Ext = extinction and Re-acq = reacquisition.

of the communication mechanisms between dogs and humans, and
could also increase the number of situations in  which this effect
may  be observed. Additionally, they agree with previous results in
communicative tasks (e.g., Bentosela et al., 2008; Elgier et al., 2012;
Udell et al., 2010).

Specifically, during extinction, compared to the last acquisition
trial, there is an increase in the length of time the dog is close to  and
in contact with the person, as well as in  the duration of the gaze at
the human face. In general, during this phase, non-social behaviors
toward the device decrease and social behaviors increase. As seen in
previous works (Gaunet, 2009; Marshall Pescini et al., 2009; Miklosi
et al., 2003), this change might indicate the presence of begging
behaviors toward the person when food is  no longer available. Also,
the fact of approaching the person might lower stress responses
during extinction. Previous literature has shown that the human
presence reduces stress in  dogs. For instance, Pettijohn et al. (1977)
found that  the presence of a person compared to the presence of
conspecifics, toys, or food was the stimulus that most reduced dis-
tress vocalizations in  puppies when separated from their mother.
Finally, the increase in  exploratory responses in  the absence of food
may  probably facilitate an increase in social responses.

On the other hand, regarding non-social responses, in Study
1, dogs show an improvement in their problem-solving ability
throughout acquisition and a decline in performance during extinc-
tion trials. Dogs exhibit a  shorter latency to pick the first bone and
a decrease in the time spent near the device, which would indicate
that they are able to solve the task with increased efficiency. During
extinction, the time spent near the device decreases together with
the number of bones picked, i.e., the dogs’ food-seeking behavior
decreases because the response is  no longer successful. The same
pattern was observed in the second study, indicating that dogs
learned to  solve the task by a trial-and- error process and their
behaviors were modified according to the reinforcement schedule.

The second objective was to  assess the effect of familiarity with
the human present (owner vs. stranger). The results showed that
dogs spend more time near the toy in the second extinction trial,
when there is  no more food available, if the human present is the
owner than if it is a  stranger. This fact might indicate that the mere
presence of the owner, given the long-term partial reinforcement,
increases the dogs’ persistence to search for food. Usually a par-
tial reinforcement procedure leads to a  longer persistence of the
learned behavior (Amsel, 1962). Considering that there are no dif-
ferences in  the length of time spent near the person, the hypothesis
that dogs tend to ask for more help in the presence of a  stranger
may  be discarded. Data seem to  indicate that the presence of a
stranger will lead to faster extinction. These results agree with
those obtained by Elgier et al. (2009),  who demonstrated that the
extinction of following pointing gestures to  find hidden food took
longer if the pointer is  the dog’s owner compared to a  stranger.

In short, the most important differences observed depending
on the familiarity with the person present during the task occurred
in the extinction phase when there is no more food available. It  is
possible that food is  a  salient stimulus for the dogs that overshad-
ows any difference between the owner and the stranger during
acquisition. Also, dogs spent most of the time interacting with the
apparatus and did not pay attention to  the human. During extinc-
tion, when the non-social responses decreased, the presence of  the
owner facilitated the persistence of the non-social response (inter-
action with the device), which probably indicates that in  everyday
life the owner is a  cue that anticipates the presence of food.

Second, regarding social responses, these findings surprisingly
indicate that, in the first acquisition phase, dogs gaze more at the
stranger than at the familiar person. Probably, dogs gaze longer
at the stranger as an exploratory behavior because it is an unfa-
miliar person and also because the experimenter is  sitting close to
the food. Furthermore, this would explain why  such difference is
not replicated during extinction when the animals no longer find
food and also when the person was  the owner. In  addition, we
have to consider that these exploratory behaviors could interfere in
the problem-solving responses. However, even when they looked
longer at the stranger, dogs managed to resolve the problem in the
first acquisition trial. These interference effects, if any, may  have a
minor impact on the dogs’ ability to  solve the task.

We may  therefore conclude that a previous history with peo-
ple shapes social responses during a  problem-solving task. This
evidence shows that the experiences during ontogeny are rele-
vant to the expression of social and communicative responses.
These behaviors can appear during both social and non-social
tasks, reflecting a relatively stable effect. Such findings agree with
previous results regarding the effect of different reinforcement
schedules.

Finally, with regard to the difference between breeds, Shep-
herds picked a  larger number of bones during the third acquisition
trial, despite consuming the same number of reinforcements as
Retrievers. However, it is  striking to  note that this difference is not
seen in extinction, when they no longer receive food. These results
might suggest an increased persistence in Shepherds to search for
reinforcements, but only when subject to  a  partial reinforcement
program in which at least some behaviors lead to a  successful
response. However this difference cannot be explained by  a  change
in  the social responses of the dogs.

Retrievers spend more time close to the person than Shepherds
during reacquisition, which would indicate greater social motiva-
tion after the extinction phase, when the food is available again. This
might be  related to the fact that Retrievers have a  bigger interest in
humans than Shepherds. This greater social motivation coincides
with the findings by Jakovcevic et al. (2010). However, in  our  study,
the difference in the duration of the gaze toward the human face
was not replicated. Another difference is that Retrievers gaze longer
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at the human face only during extinction (Jakovcevic et al., 2010).
This may  likely be due to procedure differences, as in  the study by
Jakovcevic et al. (2010) the person was hand-feeding, while in  our
study the person remained passive and the dog had to pick the food
on its own.

It is important to state that, in general terms, Retrievers show a
greater social motivation, while Shepherds display a  longer search
of the reward during a  partial reinforcement schedule. This may  be
related to selection along the evolution of each breed based on the
activities usually performed with humans. On one hand, Retriev-
ers are generally employed in social activities like helping disabled
people, in  animal assisted therapy, and they live as pets. The orig-
inal functions of this breed have almost disappeared. On the other
hand, Shepherds are mostly used for guarding and searching activ-
ities in which they have to work without any social or food reward
for a long time. However, this hypothesis needs to  be tested with
additional studies. In this sense, these differences are relevant for
dog selection and training. Many times a  more sociable and atten-
tive dog is necessary. In other situations, dogs cannot be  rewarded
all the time during a task and they have to persist.

At present, there is very limited empirical evidence concern-
ing individual differences in  behavior. Trainers, breeders, potential
adopters, and owners need this information to choose the right dog.
Also, the conditions in  which learning can be improved or facili-
tated are relevant. For example, the presence of a person (owner
or stranger) could help  or hinder the training of dogs to  perform,
during extended periods of time, such actions as detecting odors
and continuing the pursuit by  themselves. Our work is a humble
attempt to increase the amount of information available.

In sum, all the groups assessed were able to solve a novel task
and underwent learning during acquisition. Also, a  decrease in  cer-
tain behaviors was observed during extinction. Dogs showed a
more intense social behavior in  the absence of food during extinc-
tion. However, this difference may  not only be due to a request for
help from the human but also to  typical diversified responses dur-
ing extinction (e.g., Skinner, 1953) and to an increase in exploratory
food search behaviors. Finally, individual differences were found
both regarding the familiarity of the person who was present dur-
ing the task and the breeds assessed. This would imply that the
factors related to  the dogs’ past history and their relationship
with the owner shape problem resolution. Likewise, certain spe-
cific breed characteristics may  generate differences in  this respect.
Such differences may  contribute to designing better strategies for
dog selection and training, and also highlight the importance of
studying individual differences regarding how dogs solve prob-
lems similar to  those found in their everyday lives where people
are usually present.
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