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Abstract

The impossible task paradigm has been extensively used to study the looking back behaviour in dogs. This behaviour is
commonly considered a social problem-solving strategy: dogs facing an unsolvable task, soon give up and look back at
the experimenter to ask for help. We aimed to test if the looking back in an impossible task does indeed represent a social
problem-solving strategy. We used a modified version of the classic impossible task, in which the subjects simultaneously
faced three possible and one impossible trials. Additionally, subjects were tested in four different conditions: social condition
(with an unknown experimenter); asocial condition (subject alone); ’dummy’ human condition (with a ‘dummy’ human);
object condition (with a big sheet of cardboard). Finally, we compared two populations of dogs differing in their experience
of receiving help from humans: 20 pet dogs tested in their houses and 31 free-ranging dogs tested in Morocco. We found
that the pet dogs and free-ranging dogs had similar persistence in interacting with the impossible task in all conditions.
Moreover, subjects looked back with similar latencies at the human, at the dummy human and at the object. Overall, pet
dogs looked back longer at the human than free-ranging dogs. This could be interpreted as pet dogs being more attracted
to humans and/or having a stronger association between humans and food than free-ranging dogs. Concluding, the looking
back in an impossible task does not represent a problem-solving strategy. This behaviour seems rather linked to the subject’s
persistence, to the salience of the stimuli presented, and potentially to the past reinforcement history.
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Introduction Interestingly, dogs also gaze at their human partners in many

different situations, which is often interpreted as serving

Humans look at each other in many situations and often
directly at each other’s faces to collect information about
others’ intentions and mental states. This ability allows for
a complex social communication (Bruce and Young 1998).
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similar functions as in humans (Hare and Tomasello 2005).
This propensity to look at us has been suggested to have
evolved during the domestication process enabling the close
dog-human communication characterizing our relation-
ship (Hare and Tomasello 2005; Hare et al. 2002). In their
seminal study, Miklési et al. (2003) compared the looking
behaviour towards humans in an impossible task paradigm
between dogs and human-socialized wolves, which likely
resemble dogs’ closest non-domesticated ancestors (Lind-
blad-Toh et al. 2005). In this paradigm, the subject is faced
with a series of possible trials, in which the animal can inde-
pendently solve the problem to obtain a food reward. Fol-
lowing the possible trials, an impossible trial is presented,
which is identical to the prior ones, but it is no longer solv-
able. When facing the impossible trial, dogs looked back
at the human sooner and for longer than the wolves, which
instead persisted in the attempt to reach the reward. Since
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the two groups showed similar food motivations, the authors
suggested that dogs “were bound to a lesser degree to the
‘attracting’ effects of the food”, being instead more attracted
by the human and thus facilitating dog—human communica-
tion (Miklési et al. 2003).

Since then, the impossible task paradigm has been exten-
sively used to study the looking back behaviour in many
different contexts: domestication (Miklési et al. 2003;
Marshall-Pescini et al. 2017; Smith and Litchfield 2013);
training (Marshall-Pescini et al. 2009, 2016; D’Aniello et al.
2015); breed differences (Konno et al. 2016; Brodd 2014,
Marshall-Pescini et al. 2016); genetic bases and heritability
(Hori et al. 2013; Persson et al. 2015); aging (Passalacqua
et al. 2011; Brodd 2014); effect of experience (D’Aniello
and Scandurra 2016; Marshall-Pescini et al. 2017); reputa-
tion (Piotti et al. 2017) and comprehension of the other’s
attentional stance (Marshall-Pescini et al. 2013). In quite
a number of these studies (Piotti et al. 2017; Brodd 2014,
Passalacqua et al. 2011; Hori et al. 2013; Konno et al. 2016;
Marshall-Pescini et al. 2016; Persson et al. 2015; D’Aniello
and Scandurra 2016), the authors hypothesised that the
looking back was not only determined by ‘human’s attrac-
tiveness’ to dogs, but also that dogs might use this look-
ing behaviour as an alternative problem-solving strategy
(i.e. asking the human for help). It has been investigated
whether dogs assess the skilfulness of the human, enlisting
her help specifically (Piotti et al. 2017), and whether primi-
tive breeds (wolf-like) were less prone to use this behaviour
than other breeds (Passalacqua et al. 2011). Other studies
have shown that experience of living in close contact with
humans strongly affects some aspects of the looking back
behaviour. It has been found that adult dogs looked longer
at the experimenter than juvenile dogs (Passalacqua et al.
2011; Brodd 2014) and that pet dogs looked back longer
than dogs living in kennels and thus had far less experiences
with human interactions (D’Aniello and Scandurra 2016).

The results of these studies using the impossible task
paradigm suggest a selection for a tendency to look at the
human in dogs during the domestication process, which
would facilitate the development of complex socio-commu-
nicative skills given the right experience. This could include
requesting help in specific situations and would be in line
with the hypothesis that both domestication and subjects’
experience play a role in the emergence of dogs’ socio-cog-
nitive skills (Reid 2009; Miklési and Topal 2013).

Whether this looking behaviour in these situations indeed
functions as a communicative signal that can be interpreted
as a request for help has never been properly tested. Indeed,
two studies have recently questioned the interpretation of
the looking back behaviour in the impossible task paradigm
(Marshall-Pescini et al. 2017; Udell 2015). Both studies sug-
gested that the shorter latency in the looking back behaviour
of dogs in comparison with wolves might be due to a lower
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persistence in dogs compared to wolves in their interaction
with the object. Udell et al. (2015) suggested that such lower
persistence in dogs may be determined by a degree of social
inhibition enforced by humans on dogs in their everyday life.
Marshall-Pescini et al. (2017) found that indeed subjects’
persistence (i.e. duration of interaction with the object dur-
ing the impossible trial) emerged as the best explanatory
variable to account for differences between wolves and dogs,
suggesting that their differential looking behaviour did not
reflect different problem-solving strategies or attraction to
the human face. Moreover, contrary to what was expected,
the authors did not find any difference in the latency to look
back, among populations of dogs with different experiences
of human help (i.e. free-ranging dogs, captive pack-living
dogs and pet dogs). The authors suggested that the looking
back behaviour may be the direct consequence of giving up
and then turning to the most salient stimulus (the human) in
the environment rather than a ‘social/communicative’ strat-
egy aimed at solving the problem (Hall 2017). However,
based on these results alone it could still be argued that dogs
may voluntarily give up the task sooner to ask for help, while
wolves try to solve the task independently from the human
(Udell 2015; Marshall-Pescini et al. 2017).

Another problem with the task that has not been con-
sidered so far is in the procedure itself: in the majority of
studies the experimenter manipulates the apparatus, refilling
it with the food and presenting the possible trials consecu-
tively one after the other, ending with the impossible trial
(but see Persson et al. 2015; Brodd 2014). This procedure
might influence subjects’ perception of the experimenter’s
role, leading the dogs to look back at the experimenter just
because they associate the experimenter with refilling the
empty apparatus with food (Horn et al. 2009). Moreover, in
some studies, subjects were kept on the leash while tested
and the coercion to face the trials might have induced sub-
jects’ looking back at the handler (Smith and Litchfield
2013).

The aim of the current study was to test if the looking
back behaviour in an impossible task represents a social
problem-solving strategy and if experience with human
helping affects the occurrence of this behaviour. We used a
modified version of the impossible task, in which the sub-
jects simultaneously faced three possible and one impossible
apparatuses, but never observed a person interacting with
the apparatus and handling the rewards. Furthermore, the
subjects were tested in four different conditions (one social
condition and three control conditions): social condition (the
experimenter was present); asocial condition (the subject
was alone); ‘dummy’ human condition (a cardboard shaped
as a human and with a human painted on it was present);
object condition (a non-human-shaped cardboard was pre-
sent). Furthermore, we compared two populations of dogs
differing in their experiences with humans: pet dogs (Pd),
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which have ample experience of human’s help, and a free-
ranging dog (FRd) population, which have no experience of
humans helping, but are well socialized to humans and are
likely to have associated humans with food, given their daily
experiences. Indeed, our study population of free-ranging
dogs consists of scavengers whose main source of food is
represented by human waste and that predominately obtain
food autonomously. Although they are occasionally directly
fed by the human population, in two 6-month-long field
seasons, we never observed any form of ‘helping” whereby
a person would aid a dog in obtaining food. The closest
observation of this type of interaction occurred on only a
few occasions, in which we observed dogs obtaining food
from a man who was rummaging in a bin (inaccessible to
dogs) and accidentally dropped some food, which the dogs
quickly obtained.

Our predictions (see Table 1) are based on the main
hypotheses of whether the looking back functions as a
problem-solving strategy: (1) looking back is an acquired
problem-solving strategy, which might be either favoured
by an effect of domestication on dogs’ overall tendency to
look at the humans (1a) or only be determined by subjects’
experience (1b). (2) Alternatively, looking back behaviour
is either a consequence of a reduced persistence result-
ing in dogs ceasing the interaction with an apparatus and
then looking at the most salient stimulus in the environ-
ment—usually the human (2a) or dogs looking at the human
because of selection for this behaviour, but it does not func-
tion as a problem-solving strategy, but rather occurs in all
situations (2b). Aside from the usual behavioural measures
(persistence in manipulating the task and latency, frequency
and duration of looking behaviour towards the human), we
also analysed the dog’s tail position and wagging behaviour.
Since the behaviour of free-ranging dogs towards people can
vary widely across populations, we used tail wagging as a
proxy for positive arousal and assessed it in both the pet and
free-ranging population.

Materials and methods

Ethical statement

Ethical approval for this study was obtained from the ‘Ethik
und Tierschutzkommission® of the University of Veteri-
nary Medicine Vienna (Protocol number ETK-16/09/2017,
ETK-20/09/2017). Informed consent was obtained by all
owners of the pet dogs. The authorization to test the free-
ranging dogs was provided by the municipality of Taghazout
(Morocco).

Subjects

Pet dogs (Pd). Mixed-breed pet dogs were tested in private
homes in Austria. The subjects were recruited from both
the Clever Dog Lab database and via social media. A total
of 20 pet dogs were tested (13 F, 7 M; mean age in years:
6.3+0.6 SE).

Free-ranging dogs (FRd). Free-ranging dogs were tested
in their natural environment in the municipality of Tag-
hazout, Agadir, Morocco. The experimenters (ML, LD and
RM) travelled by car to look for solitary dogs (solitary dogs
were chosen to avoid interference by conspecifics). Only
adult dogs (appearing to be over 1 year of age) were tested.
A total of 62 dogs performed at least one test condition. A
total of 31 dogs were excluded from the analyses, because
other dogs interfered during the test. Hence, a total of 31
free-ranging dogs (12 F, 19 M) were included in the analy-
ses. The tested free-ranging dogs were village dogs living
around human settlements. They were well socialized with
humans and had daily experience of humans near their food
sources (mainly garbage). Many of them also experienced
receiving food directly from humans. However, while the
dogs might relate humans to food, they did not receive help
from humans in obtaining food.

Apparatus

The apparatus consisted of a wooden board (length: 1 m,
width: 0.5 m) with four overturned transparent and perfo-
rated containers baited with three types of food simultane-
ously (dry food, sausage and cheese). Three out of the four
containers could be moved (possible bowls), whereas the
fourth one was attached to the board (impossible bowl). To
avoid habituation to the apparatus, we used different shapes
of containers for each condition (bottom of a rigid plastic
bottle, top of a rigid plastic bottle, or Tupperware box) that
were counterbalanced across dogs and conditions (e.g. a sub-
ject experienced the Tupperware box as the container in con-
dition 1, and the rigid plastic bottle top as the container in
condition 2, whereas another subject might have experienced
the rigid plastic bottle bottom in their condition 1 etc.). The
objects were chosen to be at least somewhat familiar to the
free-ranging dogs.

Testing procedure

All pet dogs were tested in all four test conditions: (1)
social; (2) dummy; (3) object; (4) alone (80 tests in total
with Pd). 14 of the free-ranging dogs were tested in the
social and alone conditions, while 17 naive dogs were
tested only in the ‘dummy’ human condition (45 tests in
total with FRd). Depending on the test condition (social,
dummy, object), the experimenter, a ‘dummy’ human (Han
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Solo figure, width: 59 cm, height: 186 cm) or a ‘dummy’
object (width: 64 cm, height: 188 cm) were standing at
1.5 m behind the apparatus. Both the objects and the
experimenter were unknown to the dogs (see Fig. 1).
Where we were able to test the same dogs twice the con-
ditions were counterbalanced across dogs.

Pet dogs (Pd). Subjects were tested in their owner’s
homes in Vienna. The animals were initially moved to a dif-
ferent room before the apparatus was placed in the testing
room. Once the apparatus, cameras and where applicable,
the human, the human-shaped cardboard and the object were
in place, the dog was led into the room. For the social condi-
tion, the experimenter stood at a distance of 1.5 m from the
apparatus looking at her phone during the entire test, while
the owner was waiting in a separate room. For the other con-
ditions, both the owner and the experimenter left the house
after giving a ‘goodbye’ signal to the dog according to the
usual routine of the specific dog—human dyad. All tests were
recorded using two cameras with one camera being remotely
controlled to observe the subject in the three conditions in
which it was left alone in the room.

Free-ranging dogs (FRd). Free-ranging dogs were tested
in the streets and on the beaches of Taghazout. Once a sub-
ject was located alone, the experimenter placed the appara-
tus on the ground, taking care not to be seen by the subject.
The experimenter then stood at 1.5 m behind/next to the
apparatus (for the social condition) or hid in the car (control
conditions). A second experimenter went to the dog, petted
it for a few seconds and then walked towards the apparatus
making sure that the dog followed. The experimenter did
not show the apparatus to the dog, but simply walked past
it and then got into the car. The test started when the dog
approached the apparatus. All tests were filmed from the
car or from the experimenter standing in front the apparatus
(social condition).

The tests started when the dog approached the apparatus
(i.e. when they were within 10 cm of the apparatus) and
ended if the subject stopped interacting with the apparatus
(sniffing it or manipulating it) for 5 min. Thus, the whole
test duration was not fixed, but determined by the behav-
iour of the subject (Online Resource 2). We tested pet dogs
and free-ranging dogs in different environments (indoor and

Fig. 1 The four conditions presented to the subjects: social (a human present); dummy (a dummy human present); object (a big cardboard pre-
sent); alone (the dog is alone). Three pictures of free-ranging dogs and one of a pet dog are shown
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outdoor), because the common and most important feature
was that both groups were tested in their most familiar envi-
ronment, where it was assumed that they would feel most
comfortable.

Analyses

All the videos were coded using the software Solomon coder
(developed by Andras Péter, Dept. of Ethology, Budapest,
www.solomoncoder.com). See Table 2 for definitions of the
coded behaviours.

Inter-observer reliability was carried out between three
observers, each coding 20% of the video data (Intra-class
correlation coefficient: persistence ICC =0.99, looking back
frequency ICC =0.81, looking back duration ICC=0.82,
looking back latency ICC=0.96).

For statistical analyses, we used generalized linear models
(GLM) and generalized linear mixed models (GLMM). All
models were fitted in R (version 3.6.1; R Core Team 2019)
using the functions Im (R package stats), Imer (R package
Ime4) (Bates et al. 2014), glmmTMB (Brooks et al. 2017)
and coxme (Therneau 2019). Model residuals of Gaussian
models were tested for normality and homogeneity using
diagnostic plots. Where the initial model did not fit the
assumption of normally distributed residuals ,(models P1,
P2, P3, L2, L3) we applied the Box-Cox transformation
method, using the package MASS (Venables and Ripley
2002), and the appropriate transformation was applied to
the response variable to achieve normally distributed residu-
als (log transformation for models P1, P2, P3, L3 and square
root transformation for model-L2) (Venables and Ripley
2002). However, we decided to show in the graphs the non-
transformed data. Collinearity of predictors, assessed apply-
ing the function vif of the R package car (Fox et al. 2012),
appeared not to be an issue (Quinn and Keough 2002).
Overdispersion appeared not to be an issue (range of dis-
persion parameters 0.19—-1.17) except for models DL2, DL3,
W2, W3 where we applied a function kindly provided by
Roger Mundry to correct SE, z-, and P values for individual

Table 2 Detailed description of the coded behaviours

predictors. We assessed model stability on the level of the
estimated coefficients and standard deviations by excluding
the levels of the random effects one at a time (Nieuwenhuis
et al. 2012). Overall, all models except model-F1, model-F2
and model-F4 were of moderate or good stability (Online
Resource 1). For models including more than one predic-
tors, P values for the individual effects were based on likeli-
hood ratio tests comparing the full model with the respective
reduced models lacking the model predictors (R function
‘anova’) (Barr 2013).

Results were supplemented with Bayes factors, which
were computed with the BayesFactor package (Morey and
Rouder 2018) using the functions anovaBF and ImBF. For
models DL1, DL2, DL3, W1, W2, W3 Bayes factors were
manually calculated using the BIC approximation (Wagen-
makers 2007). Whenever non-significant results were found
using frequentist inference statistics, the null hypothesis can-
not be rejected. Bayesian statistics allow a determination of
whether the data provide stronger evidence for H1 or the
null hypothesis (HO). The value of the Bayes factor (BF)
indicates the number of times the data are more likely under
the H1 hypothesis than under the HO null hypothesis. A BF
higher than one gives stronger support to the H1 hypothesis
than the HO hypothesis, while a BF smaller than one is in
support of the HO hypothesis rather than the H1 hypothesis.
Conventionally, a BF> 3 can be interpreted as substantial
evidence, whereas a BF> 10 is considered strong evidence
(Rouder et al. 2018; Lee and Wagenmakers 2014). Plots
were created in R using the package ggplot2 (Wickham
2009).

Persistence. The subjects that did not interact with the
impossible bowl (Pd: object 1; FRd: social 1, alone 1) were
excluded from the analyses of persistence, as persistence
refers specifically to the duration of interacting with the
impossible bowl. Two generalized linear mixed models
(model-P1 for Pd and model-P2 for FRd) were run with
persistence as the response variable, test order and condi-
tion (social, alone, object, dummy for Pd; social and alone
for FRd) as explanatory factors and subject ID as random

Persistence
Looking back

The subject sniffs and/or manipulates, either with the paw or the nose, the impossible bowl (duration®)
The subject turns/lifts its head towards any part of the experimenter’s body, the ‘dummy’ human or the

object (duration?, latency®, frequency®)

Looking up
Emotional arousal

The subject raises its head up from the ground soon after (max 2 s) interacting with the bowl (frequency)
Tail wagging: the subject moves rapidly the tail from side to side. The tail may be perpendicular to or

below the plane of the back (duration®)

The duration of persistence, looking back and tail wagging is collected for the whole test duration

The latency of looking back is the interval of time that elapses between the first time that the subject sniffs or touches the impossible bowl—
once all the reachable food is eaten—to the first time the subject looks back

“The frequency of looking back is the number of times the subject looks back after interacting with the impossible or the possible bowls (it is
counted only if it occurs within a two second frame from the end of the interaction with the bowl)
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factor. To investigate differences in persistence between Pd
and FRd in the presence of the human experimenter (social
condition), a linear model (model-P3) was run with per-
sistence as the response variable and group (Pd, FRd) as
explanatory factor. The null models lacked the predictor
condition for the comparison with model-P1 and model-P2.
We calculated Bayes factors for condition in model-P1 and
model-P2 and for group in model-P3.

Latency of looking back. In these analyses, we considered
the latency to look back after attempting the impossible bowl
once all the reachable food was eaten (see Table 2). The
subjects that did not interact with the impossible bowl after
the food was eaten were excluded from these analyses (1
Pd, 5 FRd). To investigate the differences in the latency of
looking back between conditions (social, dummy and object)
in Pd, we ran a Cox mixed-effects model (model-L1). A sur-
vival response variable was constructed using the Surv func-
tion (Therneau 2015), considering the latency to look back
(or termination of the experiment) and whether this event
occurred or not. Subject was included in the model as a ran-
dom factor. Given that in the social condition all Pd looked
back, to ensure model convergence we considered one sub-
ject in the social condition (with the longest latency to look
back) as not having performed the behaviour. All FRd that
finished the food and attempted the impossible bowl (ten
social, nine dummy) looked back at the experimenter or at
the dummy human, except one, which was excluded from the
next analysis. To investigate the differences, in the latency
to look back, between conditions in FRd, we ran a linear
model (model-L2) with latency to look back as the response
variable and condition (social, dummy) as the explanatory
factor. To investigate differences in the latency to look back
between Pd and FRd in the presence of the human experi-
menter, we ran a linear model (model-L3) with latency to
look back as the response variable and group (Pd, FRd) as
the explanatory factor. We calculated Bayes factors for con-
dition in model-L1 and model-L2 and for group in model-
L3, excluding the subjects that did not look back.

Effect of condition and group on the frequency of look-
ing back after attempting the impossible bowl. The subjects
that never attempted the impossible bowl were exclude from
these analyses (Pd: object 1; FRd: dummy 3). To investi-
gate the differences in the frequencies of looking back after
attempting the impossible bowl between conditions in Pd
and FRd, a generalized linear mixed model for Pd (model-
F1) and a generalized linear model for FRd (model-F2) with
a quasibinomial distribution were run with the occurrence
of looking back (see Table 2) as the response variable, nor-
malized by the total number of times the subject attempted
the impossible bowl, condition (social, dummy, object for
Pd; social and dummy for FRd) as the explanatory factor
and subject as the random factor (only for model-F2). To
investigate the differences in the frequencies of looking back

at the experimenter after attempting the impossible bowl
between pet dogs and free-ranging dogs, a binomial model
with a quasibinomial distribution (model-F3) was run with
the occurrence of looking back as the response variable, nor-
malized by the total number of times the subject attempted
the impossible bowl, and group as explanatory factor (this
analysis was run only for the social condition). The null
models lacked the predictor condition for the comparison
with model-F1.

Effect of group and the obtainability of food (possible vs.
impossible bowl) on the frequency of looking back. These
analyses were run on the whole test duration, only for the
social condition. We investigated the differences in the fre-
quencies of looking back between Pd and FRd, after attempt-
ing either the possible or the impossible bowl. We ran a
generalized linear mixed model (model-F4) with a bino-
mial distribution with the occurrence of looking back (see
Table 2) as the response variable, normalized by the total
number of times the subject looked up (see Table 2) after
attempting the bowl. The group, the attempted bowl (pos-
sible or impossible) and their interaction were included as
explanatory factors. The null model lacked both predictors.

Duration of looking back and emotional arousal. These
analyses were run on the whole test duration. All tested
subjects were included in these analyses. To investigate
whether the proportion of time individuals looked back
or tail wagged at the experimenter differed between con-
ditions, we ran two Generalized Linear Mixed Models for
Pd (model-DL1 and model-W1) and two Generalised Lin-
ear Models for FRd (model-DL2 and model-W?2) with beta
error structure and logit link function. We included condi-
tion (social, object, dummy for Pd; social, dummy for FRd)
as explanatory factor and subject as a random factor (only
for model-DL1 and model-W1).

To investigate whether the proportion of time individu-
als looked back or tail wagged at the experimenter differed
between Pd and FRd in the social condition, we ran two
Generalised Linear Models (model-DL3 and model-W3)
with beta error structure and logit link function. We included
group (Pd, FRd) as an explanatory factor. For model-DL3,
to account for possible more distractions in FRd than
in Pd, which were tested outdoors, the response variable
was the total time that the subjects looked at the experi-
menter divided by the total time the subjects looked up (see
Table 2). For all the other models (model-DL1, model-W1,
model-DL2, model-W2, model-W3) the response variable
was the total time that the subjects looked or tail wagged
divided by the total duration of the test.

The null models lacked the predictor condition for the
comparison with model-DL1 and model-W1. We calcu-
lated Bayes factors for condition in model-DL1, model-W1,
model-DL2, model-W2 and for group in model-DL3 and
model-W3.
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Results

Persistence of manipulating the impossible bowl. Both the
mixed model analysis and the Bayes factor analysis indi-
cated that there was no effect of condition on persistence
in Pd and FRd and there was no difference in persistence
between Pd and FRd in the social condition (see Table 3;
Fig. 2) (Online Resource 1). (See also Online Resource 3
reporting all raw data and Online Resource 4 reporting a
summary of all data used in the analyses).

Latency to look back after trying to solve the impos-
sible bowl. Both the mixed model analysis and the Bayes
factor analysis indicated that there was no effect of condi-
tion on latency to look back in both Pd and FRd and there
was no difference in latency to look back between Pd and
FRd in the social condition (see Table 4; Fig. 3) (Online
Resource 1).

Frequency of looking back. We found that the frequency
of looking back after attempting the impossible bowl dif-
fered between conditions in Pd (model-F1) (comparisons
between the full and the null model, likelihood ratio test:
;(22= 15.5, p<0.001). Pd looked more frequently at the
human than at the ’dummy’ human and object (social
object: z=3.25, p=0.001; social dummy: z=— 2.66,
p=0.007), with no difference between the frequency of
looking at the ‘dummy’ human and at the object (dummy
object: z=1.2, p=0.23) (Online Resource 1). In FRd,
there were no difference between conditions (social and
dummy) in the frequency of looking back after attempt-
ing the impossible bowl (model-F2) (z=0.32, p=0.74)
(Online Resource 1). Furthermore, there was no differ-
ence in the frequency of looking back at the experimenter
after attempting the impossible bowl between Pd and FRd
(model-F3) (z=- 0.5, p=0.56) (Online Resource 1).
Finally, considering only the social condition in which
the experimenter was present, Pd and FRd did not differ in
the frequency of looking back when attempting either the
possible or the impossible bowl (model-F4) (comparisons
between the full and the null model, likelihood ratio test:
2;=0.87, p=0.64) (Online Resource 1).

Duration of looking back over the entire test. We found
that the duration of looking back differed between the

three conditions in Pd (see Table 5). Pd looked longer
at the human than at the ‘dummy’ human and object
(social object: z=4.8, p<0.0001; social dummy: z=3.4,
p<0.001) and longer at the ‘dummy’ human than at the
object (dummy-object: z=— 2.39, p=0.01). In contrast,
no difference in the duration of looking back was found
between the social and the dummy condition in FRd (see
Table 5; Fig. 4). We found that Pd tended to look back at
the experimenter for longer than did FRd (see Table 5;
Fig. 5) (Online Resource 1).

Duration of tail wagging during the entire test. The
duration of tail wagging was positively correlated with the
duration of looking back behaviour for both groups (Pear-
son’s correlation: Pd Cor. coeff=0.83; p <0.0001; FRd Cor.
coeff=0.78; p <0.0001). We found that the duration of tail
wagging differed between the three conditions in Pd (see
Table 6). Pd performed tail wagging for a longer period
in the social condition than in the ‘dummy’ human condi-
tion and in the object condition (social dummy: z=3.68,
p<0.0001; social object: z=4.14, p<0.0001) and for longer
in the ‘dummy’ human condition than the object condition
(dummy-object: z=2.39, p=0.02) (see Table 6). Over-
all, there were no differences in the duration of tail wag-
ging between the social and dummy condition in FRd (see
Table 6). There were no differences between Pd and FRd
in the duration of tail wagging in the social condition (see
Table 6; Fig. 6) (Online Resource 1).

Discussion

Overall, the results indicate that the looking back behaviour
in an impossible task is not a problem-solving strategy (i.e.
the dogs do not look back to ask for help) but is rather a
consequence of giving up and looking at the most salient
object in the environment (hypothesis 2a).

If looking back was a social strategy, then dogs should
have tried to solve the task by themselves for less time when
in the presence of a human that could help them, than in the
absence of a human. But this was not the case. Furthermore,
if looking back was a social strategy, then pet dogs, used to
humans helping them in various ways, should have shown
this pattern of results more strongly than free-ranging dogs

Table 3 Differences in

. Differences in persistence Model Comparisons full-null Bayes factor (sup- Bayes factor
pers'ls'tence, summary of model/tests port for H1) (support for
statistics

HO)
Across conditions in Pd Model-P1 23=4.2,p=024 0.14 6.93
Across conditions in FRd Model-P2 22=043,p=0.51 0.38 2.59
Between Pd and FRd (social Model-P3 t=0.34, p=0.73 0.35 2.89

condition)

Pd pet dogs, FRd free-ranging dogs
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Fig.2 Persistence of interacting
with the impossible bowl for pet
dogs (N=20) and free-ranging
dogs (N=14). One pet dog
tested in the asocial condition,
with a value of 806.2 s, is not
shown in the graph

Table 4 Differences in latency,
summary of statistics

Pet dogs Free-ranging dogs
500 500
400- 400
300- 300
% L]
]
3 °
%)
200 200 hd
100 100 T
|
1
0- 0
soéial dur;lmy obj'ect ast;cial soc':ial asc;cial
Differences in latency Model Comparisons full-null  Bayes factor (sup- Bayes factor
model/tests port for H1) (support for
HO)
Across conditions in Pd Model-L1 ¥3=2.98,p=0.22 0.18 5.42
Across conditions in FRd Model-L2 t=0.01, p=0.93 0.41 2.42
Between Pd and FRd (social Model-L3 t=—0.32,p=0.75 0.37 2.67

condition)

Pd pet dogs, FRd free-ranging dogs
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Fig.3 Latency to look back Pet dogs Free-ranging dogs
after interacting with the
impossible bowl for pet dogs
(N=20) and free-ranging dogs
(N=26). One pet dog tested in
the dummy condition, with a *
value of 332.2, is not shown in 1501 1501
the graph !
100- 100- hd

_g

]

@

n

50- 50-
0 0
solcial dunlwmy objlect solcial dunF\my

Table 5 Differences in the overall duration of looking back, summary of statistics

Differences in duration of looking back Model Comparisons full-null model/ Bayes factor (support ~ Bayes factor
tests for H1) (support for
HO)
Across conditions in Pd Model-DL1 ¥3=21.75, p<0.001 897.88 0.001
Across conditions in FRd Model-DL2 z=-0.8,p=0.42 0.34 2.87
Between Pd and FRd (social condition) Model-DL3 z=1.87, p=0.06 2.19 0.45

Pd pet dogs, FRd free-ranging dogs
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Fig.4 Proportion of time sub-

Pet dogs

Free-ranging dogs

jects looked back over the entire
test in three test conditions
(object, dummy, social) for pet °
dogs (N=20) and in the two test 0.4
conditions (dummy, social) for

free-ranging dogs (N=31)

0.3

0.2

Proportion (duration look back/test duration)

0.1+

0.0

0.5 .

0.4

0.3

0.2

0.1+

social dummy

that have never experienced human ‘help’. Contrary to this,
we found that pet dogs and free-ranging dogs had a similar
persistence in the social condition and non-social conditions,
and we found no difference between free-ranging and pet
dogs in their latency to look back at the human. Interestingly,
dogs in this study showed a similar persistence (social condi-
tion: Pd mean 53.1 s; FRd mean 42.74 s) to different groups
of dogs from a previous study (i.e. Indian free-ranging dogs:
mean 60 s, captive dogs living in packs: mean 46.5 s). This
suggests that persistence is rather constant across different
dog populations in this test paradigm and independent of the

objlect soéial dunlwmy

human presence and the subject’s past experience (Marshall-
Pescini et al. 2017). Furthermore, as suggested by Marshall-
Pescini et al. (2017), the latency to look back in this testing
paradigm seems to be mainly determined by subject’s per-
sistence: the animals give up trying to solve the apparatus
after a certain amount of time and then look around at the
most salient object in their environment—either the experi-
menter or any other object that stands out. Considering the
current results and the suggested link between latency and
persistence, observed differences in latency to look back in
previous studies (Hori et al. 2013; Passalacqua et al. 2011;
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Pet dogs vs Free-ranging dogs

0.6-

I
~

Proportion (duration look back/look up)

O
N

Pd FRd

Fig.5 Time spent looking back as a proportion of time spent look-
ing up (in the social condition) for pet dogs (N=19) and free-ranging
dogs (N=14)

Miklési et al. 2003), might have been determined by differ-
ences in persistence between subjects (but see Konno et al.
2016; D’Aniello and Scandurra 2016) as has already been
found in dogs and wolves (Rao et al. 2018; Marshall-Pescini
et al. 2017). The previous studies mainly focused on latency,
rarely analysing persistence which should instead be consid-
ered one of the main factors influencing subjects’ looking
behaviour in similar testing paradigms.

One partial limitation of the study is that whereas pet
dogs carried out all test conditions, in free-ranging dogs we
were able to re-test only a subsample of dogs. However, it is

Table 6 Differences in duration of tail wagging, summary of statistics

important to note that the comparison between free-ranging
dogs and pet dogs was carried out on this sub-population
and only in the social condition, and in both populations the
order of presentation was counterbalanced.

Interestingly, a few differences in the looking back behav-
iour between free-ranging and pet dogs did emerge. Whereas
free-ranging dogs looked back as frequently (and for as long)
at the human and at the ‘dummy’ human, pet dogs looked
back more frequently (and for longer) at the human than at
the control objects. The fact that free-ranging dogs looked
for a similar duration at the human and at the ‘dummy’
human may suggest that free-ranging dogs were a bit fear-
ful of the human shape (a novel object in their environment),
or perhaps needed a bit more time to figure out what this
stimuli was (video V1). Interestingly, based on their tail-
wagging behaviour being of similar duration for both human
and dummy human, it would appear that the dogs, at least
to begin with, may have approached the dummy human in a
‘social’ manner (Quaranta et al. 2007). Pet dogs, on the other
hand differentiated more between the social and control
stimuli, looking and tail wagging more towards the exper-
imenter, than the dummy human, while they also looked
and tail wagged more towards the dummy than the card-
board. This gradient is interesting, since it would suggest
they at least initially, treated the ‘Han Solo’ cut-out as more
‘human-like’ than the cardboard. These results may suggest
that pet dogs are in general better at quickly discriminating
between humans and other odd objects in their environment
than free-ranging dogs. However, they do not support the
idea of looking back as a problem-solving strategy: if look-
ing back was a problem-solving strategy we would have
expected pet dogs to look back more often specifically after
attempting the impossible bowl (and not when manipulating
the possible bowls), but this was not the case.

Finally, we found that in the social condition pet dogs
tended to look longer (during the whole test) at the experi-
menter than did free-ranging dogs. This difference could not
be attributed to free-ranging dogs being scared of humans
since the tested population had a friendly attitude towards
humans (they are not feral dogs that have ‘dishabituated’
to the presence of humans). These ‘village’ dog popula-
tions are commonly observed all over the world and have

Differences in duration of tail wagging Model Comparisons full-null model, Bayes factor (support  Bayes factor
likelihood ratio test for H1) (support for
HO)
Across conditions in Pd Model-W1 )(22 =10.15, p=0.006 2.7 0.37
Across conditions in FRd Model-W2 z=-0.03,p=0.97 0.18 5.56
Between Pd and FRd (social condition) Model-W3 z=0.97, p=0.32 0.44 2.23

Pd pet dogs, FRd free-ranging dogs
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Fig.6 Proportion of time sub-

Pet dogs

Free-ranging dogs

jects wagged their tails over the
entire test in three test condi-
tions (dummy, object, social) for
pet dogs (N=20) and in the two
test conditions (dummy, social)
for free-ranging dogs (N=31)

0.44

0.2

Proportion (duration tail wagging/test duration)

0.44

0.2

0.0

0.0

T T
social dummy

already been tested in different cognitive studies investigat-
ing dog—human interactions (Bhattacharjee et al. 2017a, b;
2018; Brubaker et al. 2017, 2019; Marshall-Pescini et al.
2017). Rather, we suggest that the greater duration of the
looking behaviour in pet dogs, may simply be because they
are more attracted to humans, potentially because they form
stronger, more long-lasting bonds with humans than the free-
ranging dogs in our population and/or because of their long
history of associating humans (and potentially looking at
humans) with food (Bentosela et al. 2008, 2009; D’Aniello
and Scandurra 2016; Hall 2017).

T T T
object social dummy

The results of the previous studies on the impossi-
ble task also highlight the importance of previous rein-
forcement history. Trained dogs looked for longer at the
human than untrained dogs (Marshall-Pescini et al. 2009;
D’Aniello et al. 2015), and dogs trained for ‘agility’ (i.e.
trained to specifically look at the human) looked for longer
at the owner than untrained dogs and dogs trained for
‘search and rescue’ (Marshall-Pescini et al. 2009). Addi-
tionally, dogs living in kennels, with limited contact with
humans, looked back for a shorter duration than untrained
pet dogs (D’Aniello and Scandurra 2016). Finally, older
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dogs, which indeed have a longer experience of associat-
ing food with looking at humans, looked for longer at the
human than did younger dogs (Hori et al. 2013; Passalac-
qua et al. 2011). It is worth noting that in some of these
studies, the authors expected to find exactly the opposite
results: the more experienced the dogs were, the less they
should have looked back at the human if asking for help.
Overall, pet dogs’ experience, whereby looking is likely
to be both intentionally and inadvertently reinforced by
humans, strongly affects looking patterns in such experi-
mental settings, highlighting the importance of subjects’
previous ontogenic background.

In conclusion, our results show that dogs’ looking back
behaviour in an impossible task which does not represent a
social ‘help-seeking’ strategy. The latency of looking back
is rather linked to the subject’s persistence, whereas the
frequency and duration of looking back are rather linked
to the salience of the stimuli presented, and potentially to
the past reinforcement history of the study population. This
behaviour has been widely over-interpreted and more cau-
tion should be exercised in future studies.

Acknowledgements Open access funding was provided by Austrian
Science Fund (FWF). We thank the authorities of Taghazout (Agadir,
Morocco) for allowing us to conduct the study with dogs living in their
commune. We thank the population of Taghazout that accepted us and
often provided useful information regarding the dogs. We thank Roger
Mundry for some useful insights on statistical methods. We thank the
Clever Dog Lab (University of Veterinary Medicine of Vienna) which
provided us the contacts of the owners and the material to run the tests
with the pet dogs. We thank the owners of the pet dogs. Finally, we
thank the association ’Stray Dogs International Project’ which intro-
duced us to Taghazout.

Funding ML and JM were supported by DOC fellowships of the
Austrian Academy of Sciences and the Austrian Science Fund (FWF)
number W1262-B29.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Barr DJ (2013) Random effects structure for testing interactions in
linear mixed-effects models. Front Psychol 4:328

Bates D, Michler M, Bolker B, Walker S (2014) Fitting linear mixed-
effects models using Ime4. arXiv preprint arXiv:1406.5823

@ Springer

Bentosela M, Barrera G, Jakovcevic A, Elgier AM, Mustaca AE (2008)
Effect of reinforcement, reinforcer omission and extinction on
a communicative response in domestic dogs (Canis familiaris).
Behav Proc 78(3):464-469

Bentosela M, Jakovcevic A, Elgier AM, Mustaca AE, Papini MR
(2009) Incentive contrast in domestic dogs (Canis familiaris). J
Comp Psychol 123(2):125

Bhattacharjee D, Gupta S, Sau S, Sarkar R, Biswas A et al (2017a)
Free-ranging dogs show age related plasticity in their ability to
follow human pointing. PLoS ONE 12(7):e0180643. https://doi.
org/10.1371/journal.pone.0180643

Bhattacharjee D, Sau S, Das J, Bhadra A (2017b) Free-ranging dogs
prefer petting over food in repeated interactions with unfamiliar
humans. J Exp Biol 220(24):4654—4660

Bhattacharjee D, Sau S, Bhadra A (2018) Free-ranging dogs understand
human intentions and adjust their behavioral responses accord-
ingly. Front Ecol Evol 6:232

Brodd L (2014) The help-seeking behaviour of dogs (Canis familiaris).
Dissertation, University of Linkdpings.

Brooks ME, Kristensen K, van Benthem KJ, Magnusson A, Berg CW,
Nielsen A et al (2017) glmmTMB balances speed and flexibility
among packages for zero-inflated generalized linear mixed mod-
eling. RJ 9(2):378-400

Brubaker L, Dasgupta S, Bhattacharjee D, Bhadra A, Udell MA (2017)
Differences in problem-solving between canid populations: Do
domestication and lifetime experience affect persistence? Anim
Cogn 20(4):717-723

Brubaker L, Bhattacharjee D, Ghaste P, Babu D, Shit P, Bhadra A et al
(2019) The effects of human attentional state on canine gazing
behaviour: a comparison of free-ranging, shelter, and pet dogs.
Anim Cogn 22(6):1129-1139

Bruce V, Young A (1998) In the eye of the beholder: the science of face
perception. Oxford University Press, Oxford

D’Aniello B, Scandurra A (2016) Ontogenetic effects on gazing behav-
iour: a case study of kennel dogs (Labrador Retrievers) in the
impossible task paradigm. Anim Cogn 19(3):565-570

D’Aniello B, Scandurra A, Prato-Previde E, Valsecchi P (2015) Gazing
toward humans: a study on water rescue dogs using the impossible
task paradigm. Behav Proc 110:68-73

Fox J, Weisberg S, Adler D, Bates D, Baud-Bovy G, Ellison S et al
(2012) Package ‘car’. R Foundation for Statistical Computing,
Vienna

Hall NJ (2017) Persistence and resistance to extinction in the domestic
dog: basic research and applications to canine training. Behav
Proc 141:67-74

Hare B, Tomasello M (2005) Human-like social skills in dogs? Trends
Cogn Sci 9(9):439-444

Hare B, Brown M, Williamson C, Tomasello M (2002) The domestica-
tion of social cognition in dogs. Science 298(5598):1634-1636

Hori Y, Kishi H, Inoue-Murayama M, Fujita K (2013) Dopamine recep-
tor D4 gene (DRD4) is associated with gazing toward humans in
domestic dogs (Canis familiaris). Open J Anim Sci 3(01):54

Horn L, Pongréacz P, Viranyi Z, Huber L, Mikl6si A, Range F (2009)
Human-directed gazing behavior in domestic dogs (Canis famil-
iaris). J Vet Beh Clin Appl Res 4(2):98-99

Konno A, Romero T, Inoue-Murayama M, Saito A, Hasegawa T (2016)
Dog breed differences in visual communication with humans.
PLoS ONE 11(10):e0164760

Lee MD, Wagenmakers EJ (2014) Bayesian cognitive modeling: a prac-
tical course. Cambridge University Press, Cambridge

Lindblad-Toh K, Wade CM, Mikkelsen TS, Karlsson EK, Jaffe DB,
Kamal M et al (2005) Genome sequence, comparative analysis and
haplotype structure of the domestic dog. Nature 438(7069):803

Marshall-Pescini S, Passalacqua C, Barnard S, Valsecchi P, Prato-Pre-
vide E (2009) Agility and search and rescue training differently


http://creativecommons.org/licenses/by/4.0/
http://arxiv.org/abs/1406.5823
https://doi.org/10.1371/journal.pone.0180643
https://doi.org/10.1371/journal.pone.0180643

Animal Cognition (2020) 23:427-441

441

affects pet dogs’ behaviour in socio-cognitive tasks. Behav Proc
81(3):416-422

Marshall-Pescini S, Colombo E, Passalacqua C, Merola I, Prato-
Previde E (2013) Gaze alternation in dogs and toddlers in an
unsolvable task: evidence of an audience effect. Anim Cogn
16(6):933-943

Marshall-Pescini S, Frazzi C, Valsecchi P (2016) The effect of training
and breed group on problem-solving behaviours in dogs. Anim
Cogn 19(3):571-579

Marshall-Pescini S, Rao A, Viranyi Z, Range F (2017) The role of
domestication and experience in ‘looking back’towards humans
in an unsolvable task. Sci Rep 7:46636

Miklési A, Topal J (2013) What does it take to become ‘best friends’?
Evolutionary changes in canine social competence. Trends Cogn
Sci 17(6):287-294

Miklési A, Kubinyi E, Topal J, Gacsi M, Viranyi Z, Csanyi V (2003)
A simple reason for a big difference: wolves do not look back
at humans, but dogs do. Curr Biol 13(9):763-766. https://doi.
org/10.1016/S0960-9822(03)00263-X

Morey RD, Rouder, JN (2018) BayesFactor: Computation of Bayes
Factors for Common Designs. R package version 0.9.12-4.2. https
://CRAN.R-project.org/package=BayesFactor

Nieuwenhuis R, te Grotenhuis HF, Pelzer BJ (2012) Influence. ME:
tools for detecting influential data in mixed effects models. R-J
4:38-47

Passalacqua C, Marshall-Pescini S, Barnard S, Lakatos G, Valsec-
chi P, Previde EP (2011) Human-directed gazing behaviour in
puppies and adult dogs, Canis lupus familiaris. Anim Behav
82(5):1043-1050

Persson M, Roth L, Johnsson M, Wright D, Jensen P (2015) Human-
directed social behaviour in dogs shows significant heritability.
Genes Brain Behav 14(4):337-344

Piotti P, Spooner RM, Jim HL, Kaminski J (2017) Who to ask for help?
Do dogs form an opinion on humans based on skilfulness? Appl
Anim Behav Sci 195:93-102

Quaranta A, Siniscalchi M, Vallortigara G (2007) Asymmetric tail-
wagging responses by dogs to different emotive stimuli. Curr Biol
17(6):R199-R201

Quinn GP, Keough MJ (2002) Experimental design and data analysis
for biologists. Cambridge University Press, Cambridge

Rao A, Bernasconi L, Lazzaroni M, Marshall-Pescini S, Range F
(2018) Difterences in persistence between dogs and wolves in an
unsolvable task in the absence of humans. Peer] 6:¢5944

Reid PJ (2009) Adapting to the human world: dogs’ responsiveness to
our social cues. Behav Proc 80(3):325-333

Rouder JN, Haaf JM, Aust F (2018) From theories to models to predic-
tions: a bayesian model comparison approach. Commun Monogr
85(1):41-56

Smith BP, Litchfield CA (2013) Looking back at ‘looking back’: oper-
ationalising referential gaze for dingoes in an unsolvable task.
Anim Cogn 16(6):961-971

Team RC (2019) R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna. URL https
/[www.R-project.org/

Therneau TM (2015) Survival: A Package for Survival Analysis in S.
version 2.38. URL: https://CRAN.R-project.org/package=survival

Therneau TM (2019) coxme: Mixed Effects Cox Models (R package
version 2.2-14). https://CRAN.R-project.org/package=coxme

Udell MA (2015) When dogs look back: inhibition of independ-
ent problem-solving behaviour in domestic dogs (Canis lupus
familiaris) compared with wolves (Canis lupus). Biol Lett
11(9):20150489

Venables WN, Ripley BD (2002) Modern applied statistics with S.
Springer, New York

Wagenmakers EJ (2007) A practical solution to the pervasive problems
of p values. Psychon Bull Rev 14(5):779-804

Wickham H (2009) Elegant graphics for data analysis (ggplot2).
Springer-Verlag, New York

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/S0960-9822(03)00263-X
https://doi.org/10.1016/S0960-9822(03)00263-X
https://CRAN.R-project.org/package=BayesFactor
https://CRAN.R-project.org/package=BayesFactor
https://www.R-project.org/
https://www.R-project.org/
https://CRAN.R-project.org/package=survival
https://CRAN.R-project.org/package=coxme

	Why do dogs look back at the human in an impossible task? Looking back behaviour may be over-interpreted
	Abstract
	Introduction
	Materials and methods
	Ethical statement
	Subjects
	Apparatus
	Testing procedure
	Analyses

	Results
	Discussion
	Acknowledgements 
	References




