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Abstract Recently, (Collier-Baker E, Davis JM, Sudden-
dorf T (2004) J Comp Psychol 118:421–433) suggested
that domestic dogs do not understand invisible displace-
ments. In the present study, we further investigated the
hypothesis that the search behavior of domestic dogs in in-
visible displacements is guided by various visual cues in-
herent to the task rather than by mental representation of
an object’s past trajectory. Specifically, we examined the
role of the experimenter as a function of the final posi-
tion of the displacement device in the search behavior of
domestic dogs. Visible and invisible displacement prob-
lems were administered to dogs (N = 11) under two con-
ditions. In the Visible-experimenter condition, the experi-
menter was visible whereas in the Concealed-experimenter
condition, the experimenter was visibly occluded behind a
large rigid barrier. Our data supported the conclusion that
dogs do not understand invisible displacements but primar-
ily search as a function of the final position of the dis-
placement device and, to a lesser extent, the position of the
experimenter.
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Introduction

In several species, the knowledge that objects still exist when
out of sight is of great adaptive value for survival. For in-
stance, predators must be able to find prey that has suddenly
disappeared behind a tree without having to learn its position
by trial and error. In the last 25 years, the Piagetian frame-
work of object permanence has provided a suitable approach
(both methodologically and theoretically) to determine how
animals spontaneously represent physical and/or social ob-
jects that are no longer visible (for a review, see Doré and
Dumas 1987; Pepperberg 2002). This approach has been
extensively used in the field of comparative cognition to
identify and compare the upper limits of object representa-
tion in several avian and mammal species. Recently, how-
ever, Collier-Baker et al. (2004, 2006) pointed out that the
testing and control procedures used to administer object per-
manence tasks have largely varied and they questioned the
level of object representation attributed to diverse species. In
the present study, we introduced further control procedures
aimed at investigating the upper limits of object permanence
in the domestic dog.

According to Piaget (1937), object permanence gradually
develops during ontogeny through the interaction between
an organism and its surrounding physical world. In human
infants, object permanence progresses through a series of
six distinctive stages within the first 2 years of life. In the
first stages, search attempts to find a disappearing object
are either absent or limited. Understanding of object perma-
nence is fully functional when the child reaches Stage 5 (12
months of age). This stage is typically assessed with a visible
displacement problem in which the subject faces an experi-
menter and a number (between 2 and 5) of identical hiding
locations (e.g., boxes or wells). Then, the experimenter vis-
ibly moves and hides an attractive object inside one of the
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hiding locations. In Stage 5a, the subject is able to solve
single visible displacement problems in which the object is
hidden inside one of the locations. In Stage 5b, the sub-
ject can succeed on double visible displacement problems
in which the object is first moved inside one of the hiding
locations and then it reappears before disappearing inside a
second one. Organisms that achieve Stage 5 are well adapted
to interact with physical or social objects in their immedi-
ate environment. For example, they can spontaneously pur-
sue and locate disappearing prey. They can also remember
and predict the position of social partners that have moved
and momentarily disappeared from view. Comparative cog-
nition studies have shown that several species demonstrate
the ability to solve single and double visible displacement
problems, including dogs (Triana and Pasnak 1981; Gagnon
and Doré 1992, 1993, 1994), cats (Gruber et al. 1971; Tri-
ana and Pasnak 1981; Thinus-Blanc et al. 1982; Doré 1986;
Dumas and Doré 1989, 1991), chimpanzees (Mathieu et al.
1976; Spinozzi and Potı́ 1993; Call 2001), gorillas (Wood
et al. 1980; Natale et al. 1986), orangutans (De Blois et al.
1998; Call 2001), several species of monkeys (Parker 1977;
De Blois and Novak 1994; Neiworth et al. 2003; Mendes and
Huber 2004), psittacine birds (Pepperberg and Kozak 1986;
Pepperberg and Funk 1990; Funk 1996; Pepperberg et al.
1997), and magpies (Pollok et al. 2000).

In Stage 6, however, the task is more demanding and the
organism must infer the displacement of an object from an
indirect visual cue. Stage 6a is assessed with a task called
the single invisible displacement problem in which the ex-
perimenter first inserts an object inside a displacement de-
vice, typically a small opaque container (e.g., a cup). Then,
he moves the displacement device inside one of the boxes
placed in front of the subject. There, he imperceptibly trans-
fers the object from the displacement device to the target
box. In double invisible displacement problems (Stage 6b),
the experimenter moves the displacement device inside a first
box and subsequently to a second box and the target object
can be transferred from the device to either one of the two
visited boxes. In double invisible displacements, because the
target object can logically be at either location, the subject is
given a second choice if he first chooses the visited box that
is empty. To succeed on invisible displacement problems, an
organism must encode a representation of the target object,
ignore the initial hiding location (the displacement device),
and infer the invisible displacement of the object by rely-
ing on the visual cue (empty displacement device) to deduce
where the object is. Organisms that are able to solve invisible
displacements are thought to be able to mentally manipulate
their own representations to guide their behavior and actions
(Suddendorf and Whiten 2001).

In human infants, the ability to solve invisible displace-
ment problems occurs at 18–24 months of age (Piaget 1937).
Besides humans, however, very few nonhuman species have

shown the capacity to understand invisible displacements.
Actually, only great apes (Mathieu et al. 1976; Redshaw
1978; Wood et al. 1980; Natale et al. 1986; De Blois et al.
1998; Call 2001; Barth and Call 2006; Collier-Baker et al.
2006) have shown convincing and persistent evidence that
they have the ability to solve invisible displacement prob-
lems. Nevertheless, apes have difficulties with standard dou-
ble invisible displacements in which the displacement device
visits two nonadjacent boxes in a linear array (see De Blois
et al. 1998; Call 2001; Collier-Baker and Suddendorf 2006).
As for monkeys, the results are still controversial and more
experiments are needed (Collier-Baker et al. 2006). For ex-
ample, Mendes and Huber (2004) presented evidence that
common marmosets are able to cope with single invisible
displacements. However, large individual differences among
the marmosets suggest that prior experimental testing instead
of representational capability may explain the performance
of the successful monkeys. Finally, although psittacine birds
have consistently passed invisible displacement tests (Pep-
perberg and Kozak 1986; Pepperberg and Funk 1990), more
rigorous control procedures are necessary before claiming
they can represent an object’s past trajectory (Collier-Baker
et al. 2004).

Until recently, the domestic dog was labeled as one of
the rare species that understood invisible displacement prob-
lems. Most of this credit was attributable to Gagnon and Doré
(1992, 1993, 1994) who extensively investigated the upper
limits of object permanence in dogs and its ontogenetic de-
velopment. First, they revealed that object permanence in
dogs follows the same developmental stages as in humans
but at different developmental rates where Stages 4 and 5
are acquired more rapidly (Gagnon and Doré 1994). Second,
they found that dogs partially solved invisible displacements
because they performed above chance in this kind of prob-
lem. However, because the performance of dogs was lower
in invisible than in visible displacement problems, they also
investigated the possibility that dogs might have used olfac-
tion, visual fixation, or a local rule learning, such as “Always
pick the box that has contact with the container” or “Always
pick the box that last had contact with the container,” to
solve invisible displacement problems. However, they found
no alternative explanations. Consequently, Gagnon and Doré
(1992, 1993) concluded that dogs were able to infer invisible
displacements to some extent.

However, Collier-Baker et al. (2004) recently reported that
dogs failed single invisible displacements when tested un-
der more rigorous conditions. In their study, they compared
the performance of dogs in standard invisible displacements
with four control conditions: the head and upper body of the
experimenter who performed the manipulations were hid-
den behind a curtain, the first or the last box visited by the
displacement device was not the target box, and the final
position of the displacement device relative to the target box
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was systematically controlled. Although the performance of
dogs was similar to chance level when the last box visited
by the displacement device was not the target box, it was
apparent that the final position of the device mainly con-
trolled the search behavior of dogs. Indeed, dogs succeeded
on invisible displacements when the final position of the dis-
placement device was adjacent to the target box but failed the
tests when the device was nonadjacent. This effect was also
observed in the three other control conditions in which ad-
jacent and nonadjacent positions of the displacement device
were randomly distributed. By consequence, Collier-Baker
et al. concluded that domestic dogs are incapable of repre-
senting invisible displacements and they suggested that dogs
succeed on standard invisible displacement problems by uti-
lizing an associative rule such as “Search at the box adjacent
to the final position of the displacement device”.

On the contrary, Collier-Baker et al. (2004) did not demon-
strate that domestic dogs use social cues inadvertently pro-
vided by the experimenter to solve invisible displacements.
To control for the presence of the experimenter who per-
formed the manipulation, they suspended a 50 cm high
opaque curtain above the hiding boxes. This curtain hid the
experimenter’s head and upper body and it prevented the
dog from using the experimenter’s gaze or head movement
to locate the hidden object. In Experiment 2 of Collier-Baker
et al., the performance of dogs was at chance when the cur-
tain was present, suggesting that in the standard condition,
the dogs might have used subtle cues involuntarily provided
by the experimenter. This effect, however, was not repli-
cated in Experiment 3 and the authors concluded that dogs
do not use this kind of cue to locate the object in invisible
displacements.

This last observation is surprising because recent investi-
gations have indicated that domestic dogs are sensitive to a
variety of human social cues. For instance, the domestic dog
has shown considerable abilities to use human signals such
as pointing, head and body orientation, eye gaze, and visual
attention to locate hidden food (Miklósi et al. 1998, 2003;
Hare and Tomasello 1999; Agnetta et al. 2000; McKinley and
Sambrook 2000; Hare et al. 2002; Bräuer et al. 2006; Riedel
et al. 2006). Nevertheless, although visible and invisible dis-
placement problems of object permanence involve a face-to-
face interaction between a subject and an experimenter, the
possible influence of involuntarily cues provided by the ex-
perimenter (called “the Clever Hans effect”) has not received
considerable attention in the field of comparative cognition.
In support for this lack of interest, Pepperberg (2002) argued
that (1) more direct perceptual cues are inherent in the task,
(2) obvious pointing does not help the organism that does
not understand the task, and (3) most experimenters control
those cues by wearing smoke glasses or by looking straight
ahead. In spite of these arguments, there is a possible expla-
nation for why Collier-Baker et al. (2004) did not find an

effect of the experimenter on dogs’ performance in invisible
displacements. Indeed, although the opaque curtain hid the
head and shoulders of the experimenter who performed the
manipulations, the dogs could partially perceive the experi-
menter because her lower body was still visible. Therefore,
it remains possible that dogs increased their level of success
in invisible displacements by using indirect visual cues pro-
vided by the experimenter’s legs and/or hands while she was
manipulating the object and the displacement device.

In the present study, we introduced further controls to in-
vestigate the hypothesis that the search behavior of domestic
dogs in invisible displacements is guided by various visual
cues inherent to the task rather than by representation of an
object’s past trajectory. First, we reinvestigated whether the
performance of dogs in invisible displacements is influenced
by visual cues inadvertently provided by the experimenter.
Contrary to Collier-Baker et al. (2004) who used a curtain
to hide the upper body of the experimenter, we introduced
a large rigid barrier that hid the entire head and body of
the experimenter who performed the manipulations, there-
fore eliminating the possibility of experimenter cues. Two
conditions were administered to dogs. In one condition, the
experimenter was visibly occluded behind the opaque barrier
whereas in the other condition, the experimenter was visible
as in the standard procedure. In both conditions, visible and
invisible displacement problems were given to dogs in order
to determine if the influence of the experimenter depended
on the complexity of the task.

Second, given that previous comparative studies have
repetitively supported the conclusion that domestic dogs do
understand invisible displacements (Triana and Pasnak 1981;
Pasnak et al. 1988; Gagnon and Doré 1992, 1993, 1994), it
was of particular interest to corroborate the influence of the
displacement device on dogs’ search behavior in invisible
displacements. As pointed out by Collier-Baker et al. (2004),
methodological variations could explain to some extent why
their data differ from those previously observed by Gagnon
and Doré (1992, 1993). Among the various possibilities they
explored, the number of boxes and the final position of the
container on the search area appear to be the most probable.
In Gagnon and Doré’s studies, there were four boxes and the
final position of the container was always at either end of the
array of boxes. In Collier-Baker et al.’s experiments, how-
ever, there were three boxes and the container was placed
at either end of the array or between two adjacent boxes.
Although it is not clear how these minor methodological
variations could account for the large impact of the displace-
ment device observed in Collier-Baker et al.’s study, the
final position of the displacement device between adjacent
boxes certainly added visual information to dogs. Therefore,
to rule out those rival hypotheses, in the current study we
replicated the experimental setup used by Gagnon and Doré
(1992, 1993): four hiding boxes were equally distributed on
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the platform and the displacement device was always placed
at either end of the array of boxes.

Method

Subjects

We used 11 purebred adult Labrador retrievers (Canis fa-
miliaris; 5 females and 6 males, mean age of 4 years and
10 months, range from 2 to 7 years) that belonged to pri-
vate owners. The Labrador retriever is a breed classified as
sporting dog by the American Kennel Club (AKC 1992).

The dogs were selected on the basis of two criteria. First,
they had to be highly motivated by the opportunity to interact
with the experimenters and to play with a ball or a rubber toy.
All dogs showed a strong interest toward the target object.
Second, the dogs had to rely on visual information to search
for the target object. Dogs that seemed to rely on smell
by putting their muzzle on the floor surrounding the boxes
and/or by intensively smelling the boxes when they searched
for the target object were excluded from the study. Only one
dog out of 12 that were screened had to be rejected based on
these criteria.

Apparatus

The target object was either a tennis ball or a rubber squeez-
able toy (several different rubber toys of various shapes
[height varied between 7 and 12 cm] and colors were used),
depending on the preference of the dog and its motivation
to grab it. Each object was handled by a translucent ny-
lon thread (125 cm) tied to it. A small wooden box (9 cm
wide × 15 cm high × 9 cm deep) without top and front pan-
els was used in the invisible displacement trials. The inside
of this box (called displacement device) was painted black
and its outside was painted white. The box played the same
role as the container (hand or small cup) in human infant
testing of invisible displacements. This box was fixed at the
bottom of a 117 cm vertical plastic stick.

The experiment was conducted in a bare experimental
room (362 cm wide × 604 cm deep). Four white wooden
boxes (17.5 cm wide × 19.5 cm high × 11.5 cm deep)
served to hide the target object. They were permanently fixed
on a black plywood sheet (244 cm wide × 122 cm deep) to
prevent the dog from moving them during searching. Each
box could be opened by pulling down its front panel (called
“the front door”). The front door was fixed on the bottom of
the box by a metal strap hinge and its top was fastened to the
box with a piece of Velcro. The front door also exceeded the
top of the box by 4 cm for helping the dog to grab it with
its paw. To reduce the noise when the front door was pulled
down, a small piece of sponge was stuck on its front surface.

The inside walls and floor of each hiding box were covered
by pieces of sponge to reduce noise when the target object
was placed inside it. The back panel had a small opening
(12 cm wide × 15 cm high) by which the target object was
put in. Four translucent nylon threads (125 cm) were fixed on
the bottom of each box and were stretched behind the box.
These threads served to control for the possibility that dogs
could find the ball by using the translucent nylon thread tied
to the target object, which could not be entirely inserted, into
the target box at the end of the manipulation. The boxes were
arrayed in a row at a distance of 32 cm from each other, and
the center of the array was 200 cm from the starting position
of dogs.

A white curtain hanging from the ceiling of the experi-
mental room provided a uniform visual background behind
the experimental setting. Two black speakers (Sony Model
HST-313-2) (18 cm wide × 27 cm high × 22 cm deep) were
placed 32 cm on each side of the array of boxes. They faced
the position of the dog and the transmitter was located in an
adjacent room. Finally, the gaze of the dog was monitored by
a camera (Panasonic camcorder Model PV-A208-K), which
was fixed on the top of the speaker placed on the right side of
the array, and it was recorded on a VHS video recorder
(Panasonic Model PV-8664-K) located in an adjacent
room.

The material also included two large plywood barriers
that served to hide the experimenter in the Concealed-
experimenter condition (see Fig. 1). The back barrier (244 cm
wide × 107 cm high) was vertically placed 25 cm behind the
array of boxes. The front barrier (244 cm wide × 96.5 cm
high) was suspended 91.5 cm above the floor by two ver-
tical poles (200 cm high) and it was placed 38 cm in front
of the array of boxes. The front and the back barriers were
vertically supported by two wooden triangle-shape stands
(60 cm × 60 cm × 60 cm), which were fixed on each end
(left and right) of both barriers. On the vertical plane, the two
barriers overlapped on 15.5 cm and on the horizontal plane,
a space of 63 cm separated the two barriers. The disposition
of the barriers assured that the dog could not view any body
parts (e.g., hands, legs) of the experimenter who performed
the manipulations.

The experimenter (E1) who performed the manipulations
stood up 50 cm behind the two central boxes; the other
experimenter (E2), who restricted the dog during the manip-
ulations, stood up to the right side of the dog.

Procedure

We divided the experiment into three successive steps: shap-
ing, training, and testing. The shaping and training phases
were administered during the first session whereas the test-
ing sessions were administered on the next four consecutive
days. To prevent dogs from using olfaction, rose water (1/10
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Fig. 1 Picture of the apparatus
used in the
Concealed-experimenter
condition

dilated in water) was sprayed over the apparatus every four
trials. Moreover, to avoid that dogs use auditory cues, white
noise (78 dB) was played back by the speakers during the
entire experiment.

Shaping

During shaping, a single box was used. It was centrally fixed
on a black plywood sheet (81.5 cm wide × 122 cm deep) and
faced a wall of the testing room. The testing setup described
in the Apparatus section was absent in the room.

In shaping, the dogs were trained to touch the target ob-
ject. Although all dogs demonstrated a strong motivation
by the opportunity to grab the target object, we introduced
a food reinforcement procedure to prevent motivation from
declining during the experiment. At the beginning of a shap-
ing trial, E1 put down the target object in front of the box
while E2 restrained the animal by grasping its collar. With
the help of the nylon thread tied to the target object, E1 lifted
up the object, captured the dog’s attention, moved the object
visibly in front of the box, and finally placed the object on the
right or the left side of the box (but never behind or inside).
Once the object was put down, E1, to prevent cuing, looked
at E2. Then, E2 released the dog. The dog was reinforced
by E2 if one of the following behaviors was exhibited in the
15 s that followed its release: grasping the object with its
mouth, touching it with its paw, or putting its muzzle on it. A
piece of commercial dry food (Diet NutriScience) and social
rewards (strokes, verbal rewards such as “Good dog!”) were

used as reinforcements. We ended shaping when the dog had
touched the target object in five consecutive trials. The dogs
needed a mean number of 5.27 trials (SD = 0.90) to reach
the criterion.

Training

Immediately after the end of shaping, the dogs were trained
to open the front door of the box with their paw in order
to retrieve the target object. We used the same single box
as described in the shaping phase. Training included two
phases. In the first phase, E1 caught the attention of the
dog by calling its name and opened the front door of the
box with her hand. Then, E1 took the object and moved it
in front of the dog and finally introduced it inside the box
from behind. After the manipulation, E1 closed the front
door and E2 released the dog. The dog was reinforced if it
retrieved the target object by pulling down the front door
with its paw or muzzle. We ended this first step after five
consecutive successes. All dogs reached the criterion in five
trials (M = 5.00, SD = 0.00). In the second phase of
training, the front door was closed at the beginning of the
trial. E1 moved the object in front of the dog and hid the
target object inside the box. The dog was reinforced if it
pulled down the frontal door and touched the object. This
second phase was completed when the dog had retrieved
the target object in 10 consecutives trials. The dogs needed
a mean number of 10.00 trials (SD = 0.00) to reach the
criterion.
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Testing

In the testing phase, the four hiding boxes were present in
the room as described in the Apparatus section. Two testing
conditions were administered to the dogs. In the Visible-
experimenter condition, E1 was visible from the encoding
position of the dog, that is, the back and front barrier were
behind E1 and all movements and manipulations performed
by E1 were perceptible by the dog. Consequently, in each trial
of this condition, the dog could observe E1 while she was ma-
nipulating the target object. In the Concealed-experimenter
condition, E1 manipulated the object from behind the two
opaque barriers. Therefore, it was impossible for the dog
to observe any body parts of E1 when she was performing
the manipulations. Each of the two conditions included two
consecutive sessions and they were counterbalanced among
the dogs.

Each session began with three warm-up trials where the
object was placed between two boxes but never behind or
inside. The warm-up trials were followed by two types of
trials: visible and invisible displacement trials.

Visible displacement trials (VD) At the beginning of a trial,
E1 stood up behind the two central boxes. The displacement
device was placed at one end of the array of boxes, its open
side facing the dog, and did not move during the trial. E1
put down the object between the two central boxes located
in front of the dog while E2 gently restrained the animal by
grasping its collar. Then, E1 lifted the object via the thread,
captured the dog’s attention, moved the object visibly in
front of each of the four boxes, returned the object between
the two central boxes, and finally hid the object behind the
target box. In order to move the object in front of each box,
E1 silently moved behind the boxes. At the end of the ma-
nipulation, E1 returned behind the two central boxes and E2
released the dog. If E2 noticed that the dog did not watch the
manipulation throughout the entire sequence, the trial was
interrupted and repeated. Repeated trials rarely occurred. In
the Visible-experimenter condition, once the object had dis-
appeared and during searching, to prevent cuing, E1 looked
at E2 and remained immobile. If the dog made no search at-
tempt during the minute that followed its release (no choice),
it was called back by E2 for the beginning of the next trial.
If the dog found the object inside the target box (success), it
was reinforced by E2. However, if the dog chose a nontarget
box (error), the trial was immediately interrupted, and the
dog was not allowed to search for the object behind a second
box.

Invisible displacement trials (ID) The procedure was the
same as for the VD trials except for the following modi-
fications. At the beginning of a trial, the displacement device
was always placed at one end of the array of boxes, its open

side facing the dog. Then, E1 inserted the target object into
the displacement device, rotated it 180◦ on its vertical axis,
its open side now facing the experimenter, and moved the
device behind one of the boxes. There, the target object
was invisibly transferred from the displacement device to
the target box where it was left. E1 removed the displace-
ment device from behind the target box by using the same
side of the box by which it had been introduced. Finally,
E1 rotated the displacement device 180◦ on its vertical axis,
its open side now facing the dog, and she brought it back
to its initial position. This manipulation served to show to
the dog that the object was no longer in the displacement
device. Performance was quoted as in the VD trials. How-
ever, if the dog first searched into the displacement device,
the dog was allowed a second choice inside one of the four
boxes.

Each of the four testing sessions included 16 VD and 16 ID
trials. In a session, the target object was equally hidden four
times behind each of the four boxes for each type of trial.
Moreover, the hiding location changed from trial to trial so
that the target object was never hidden at the same spatial
location on two consecutive trials. In each session, the VD
and ID trials were presented in eight blocks of four trials each.
Each block included 2 VD and 2 ID trials that were randomly
distributed. However, to avoid the negative effect that a long
succession of ID trials might have on the performance, each
block of trials were distributed in the session so that no more
than two trials in a row were given the same type of trial.
In each block of four trials, the initial and the final position
of the displacement device were two times on the left end
and two times on the right end of the array of boxes and
they were equally distributed as a function of the VD and ID
trials. For each of the four hiding positions, the target object
(VD trials) or the displacement device (ID trials) bypassed
the target box two times by its left side and two times by
its right side. Finally, each trial was separated by a short
intertrial interval of 30 s.

Video analysis

The gaze of dogs was analyzed with the assistance of the
video recording. The purpose of this video analysis was to
assure that the dogs watched the displacement of the object
(or of the displacement device) during the whole manipula-
tion in the VD and ID trials as a function of the visibility of
the experimenter. Although E1 could look at the dog in the
Visible-experimenter condition, given the complexity of the
manipulation she had to perform, particularly in the ID trials,
it was extremely difficult for her to observe the dog while
performing the manipulations. In addition, in the Concealed-
experimenter condition, E1 did not see the dog and could not
verify whether the dog looked at the moving object. Con-
sequently, E2 was responsible for determining whether the
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dog tracked the moving object. However, because E2 was
standing on the right side of dog while restraining it, errors
by E2 were probable because she did not efficiently see the
dog’s eyes. Therefore, we relied on the video recording for
determining afterward whether dogs watched the displace-
ment of the object in all trials of the four testing sessions.
Given that dogs turn their head for tracking moving objects,
we evaluated if the dogs’ head movements correlated with
the displacement of the target object (or of the displacement
device) manipulated by E1. Videotapes of each testing trial
were viewed by E1 and an independent judge. Both judges
perfectly agreed on each trial.

Statistical analyses

For all statistical analyses, a criterion of P < .05 two-
tailed was used for rejection of the null hypothesis. In the
within-subject ANOVAs, the Mauchly’s test of sphericity
was used to determine the homogeneity of the covariance
matrix. When the covariance matrix was heterogeneous, the
Huynh–Feldt’s index was used to adjust the degrees of free-
dom of the averaged test of significance. Significant main
effects of within-subject ANOVAs were followed by a series
of a posteriori t tests. Significant interactions of factorial
within-subject ANOVAs were followed by analyses of the
simple main effects and the degrees of freedom were adjusted
according to the method proposed by Howell (1987).

Results

In the 1408 trials of testing, there were only two trials without
a search attempt. This result indicates that dogs were highly
motivated to search for the disappearing object.

Gaze of dogs

First, the video analysis revealed that one of the dogs did not
watch the manipulation of the displacement device in 25 out
of the 32 ID trials of the Visible-experimenter condition.
Due to this high percentage of inattention, this dog was
removed from all subsequent statistical analyses. Second,
Table 1 presents the mean number of trials in which the 10
remaining dogs looked at the manipulations in the VD and
ID trials as a function of the visibility of the experimenter. A

factorial within-subjects ANOVA with types of trial (2) ×
visibility of the experimenter (2) revealed a significant effect
of types of trial, F(1, 9) = 14.89, P = 0.004, of visibility
of the experimenter, F(1, 9) = 14.89, P = 0.004, and of
the interaction, F(1, 9) = 14.89, P = 0.004. All significant
effects were due to the fact that the dogs watched the whole
manipulation in all trials except for 80.94% of the ID trials
of the Visible-experimenter condition.

Therefore, when the experimenter was visible, the dogs
had difficulties in tracking the whole movement of the dis-
placement device in the ID trials. A closer look at the behav-
ior of the dogs also revealed that all dogs (including the dog
that was removed from the analyses) systematically raised
their head and stared at E1 while they did not watch the ma-
nipulation. When they did pay attention to the experimenter,
the dogs failed 93.17% (SD = 8.59) of the trials. Put to-
gether, these observations strongly suggest that the presence
of the experimenter behind the array of boxes influenced the
search behavior of dogs in ID trials.

Analysis of success

In the next statistical analyses, only the trials in which the
dogs watched the manipulation were kept. Consequently, the
number of successful trials was transformed as a percentage
of the total number of valid trials in which each dog watched
the manipulation. Figure 2 illustrates the mean percentage
of success in the VD and ID trials as a function of the visi-
bility of the experimenter (previous factorial within-subject
ANOVAs showed no significant effect of sessions or blocks
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Table 1 Mean number of trials
(out of 32) in which the dogs
watched the whole displacement
of the target object in VD and
ID trials as a function of the
visibility of the experimenter

Conditions
Concealed-experimenter Visible-experimenter

Type of trials M ± SD M ± SD
Visible displacement 32.0 ± 0.0 32.0 ± 0.0
Invisible displacement 32.0 ± 0.0 25.9 ± 5.0
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of trials within a session). A factorial within-subject ANOVA
with types of trial (2) × visibility of the experimenter (2) re-
vealed a significant effect of types of trial, F(1, 9) = 411.97,
P < 0.0001; VD trials being more successful than ID tri-
als. The analysis also showed a significant effect of visibility
of the experimenter, F(1, 9) = 11.06, P = 0.009; trials in
which the experimenter was visible were more successful
than trials in which the experimenter was visibly occluded
behind the barriers. The analysis also revealed a significant
interaction, F(1, 9) = 8.78, P = 0.016. In the ID trials, the
analysis of simple effects showed that the percentage of suc-
cess was higher in the Visible-experimenter condition than
in the Concealed-experimenter condition, F(1, 17) = 19.10,
P = 0.0004. In the VD trials, however, the performance
of dogs was similar in both conditions. Finally, a series
of one-sample t tests was computed to estimate whether
the mean percentages of success in the VD and ID trials
was significantly higher than that expected by chance. The
mean percentage of success expected by chance was 25%
because if the dogs searched randomly, they should have
searched equally often behind each of the four boxes. The
dogs performed above chance in the VD trials (Concealed-
experimenter condition: t(9) = 178.50, p < 0.0001; Visible-
experimenter condition: t(9) = 87.44, P < 0.0001) and the
ID trials (Concealed-experimenter condition: t(9) = 3.04,
P = 0.014; Visible-experimenter condition: t(9) = 4.46,
P = 0.002).

These first analyses reveal that the dogs succeeded on VD
and ID trials but the performance of dogs was much better
in VD trials than in ID trials. On VD trials, the performance
was almost perfect in both conditions, revealing that the
presence of the experimenter did not influence the search
behavior of dogs when the task was undemanding. On ID
trials, the performance was over chance in both conditions
but it was higher in the Visible-experimenter condition than
in the Concealed-experimenter condition, suggesting that the
dogs used cues inadvertently provided by the experimenter
to locate the object.

In order to document the role of the visual cues inherent
in the ID task on dogs’ performance, we examined the influ-
ence of the visibility of the experimenter as a function of the
final position of the displacement device relative to the target
box. In the ID trials of both experimental conditions, each
of the four boxes was the target box with an equal number
of trials (n = 8) and the displacement device was always
placed at either end of the array of four boxes. By conse-
quence, the target box was either the first, second, third, or
fourth box adjacent to the final position of the displacement
device. The first position was adjacent to the displacement
device whereas the three other positions were nonadjacent
to the displacement device, resulting in a proportion of 25%
of adjacent trials and 75% of nonadjacent trials. Figure 3
illustrates the mean percentage of successful trials in the ID
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trials in both experimental conditions as a function of the
relationship between the target box and the displacement de-
vice. As one can see, whether the experimenter was visible
or not, the mean percentage of successful trials was very
high when the target box was adjacent to the displacement
device and it was low when the target box was nonadjacent.
Moreover, the percentage of success appears higher at the
two central positions (2nd and 3rd adjacent boxes) when the
experimenter was visible than when she was not.

To confirm these impressions, a factorial within-subject
ANOVA with visibility of the experimenter (2) × po-
sition of the target box (4) was performed. It revealed
a significant effect of visibility of the experimenter, F(1,
9) = 7.31, P = 0.024; the performance of dogs was higher
in the Visible-experimenter condition than in the Concealed-
experimenter condition. The analysis also showed a signifi-
cant effect of the position of the target box, F(3, 27) = 64.54,
P = 0.0001. A series of a posteriori t tests revealed that the
percentage of success was higher at the box adjacent to the fi-
nal position of the displacement device than at the three non-
adjacent boxes, which did not differ. Finally, the ANOVA
also revealed a significant interaction, F(3, 27) = 3.91,
P = 0.019. When the target location was the second or
third box relative to the final position of the displacement
device, the analyses of simple main effects indicated that the
performance of dogs was higher when the experimenter was
visible than when she was not, F(1, 34) = 5.98, P = 0.020
and F(1, 34) = 9.84, P = 0.004, respectively. However, the
performance was similar in both experimental conditions
when the target box was the first or the fourth box relative
to the position of the displacement device. Finally, the mean
percentage of success was above chance level only when the
target box was adjacent to the displacement device (Visible-
experimenter condition, t(9) = 7.88, P = 0.001; Concealed-
experimenter condition, t(9) = 15.89, P < 0.0001). All
other one-sample t tests revealed that the performance of
dogs was at chance or below chance level when the target
location was one of the three nonadjacent positions.
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In summary, these last analyses show that the dogs solely
succeeded the ID trials when the target box was adjacent to
the final position of the displacement device. Otherwise, the
dogs failed to find the target object. Nevertheless, when the
experimenter was visible and the target box was nonadjacent
to the final position of the displacement device, the perfor-
mance of dogs increased if the object was hidden behind one
of the two boxes adjacent to the central position of the exper-
imenter. This suggests that the visibility of the experimenter
influenced the search behavior of dogs but was not sufficient
for the dogs to succeed the ID trials.

Analysis of errors

The analysis of errors was aimed at further determining the
specific role of the experimenter on the search behavior of
dogs in the ID trials as a function of the hiding location and
the position of the displacement device. If the position of
the experimenter and of the displacement device actually in-
fluenced the search behavior of dogs in the ID trials, then,
the pattern of search distribution observed in the analysis of
success should also be observed. When the dogs failed the
ID trials, they should have primarily searched at the box ad-
jacent to the final position of the displacement device in both
experimental conditions. However, this tendency should be
lower in the Visible-experimenter condition when the object
was hidden behind the two central boxes because the per-
formance of dogs was higher when the target position was
adjacent to the position of the experimenter. Figure 4 illus-
trates, for each target position relative to the final position
of the displacement device, the mean percentage of errors
made by the dogs at the three nontarget boxes as a function
of the visibility of the experimenter. A series of factorial
within-subject ANOVAs with position of the nontarget box
(3) × visibility of the experimenter (2) were performed on
the percentage of errors made by the dogs for each of the
four positions.

When the target location was the first adjacent box relative
to the position of the displacement device, errors were rare.
The factorial within-subject ANOVA revealed a significant
effect of position of the nontarget boxes, F(2, 18) = 8.13,
P = 0.003; a series of a posteriori t tests indicated that
the mean percentage of errors made at the second adjacent
nontarget position was higher than at the third and fourth ad-
jacent nontarget positions, which did not differ. There was no
effect of visibility of the experimenter nor of the interaction.
Therefore, when the target location was the first adjacent
box, the errors were uniquely distributed as a function of the
position of the target location.

When the target location was the second adjacent box rel-
ative to the displacement device, the sphericity could not be
assumed for the position of the nontarget boxes (W = 0.305,
df = 2, P = 0.009) and the interaction (W = 0.245,
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df = 2, P = 0.004). The factorial within-subject ANOVA
showed a significant effect of visibility of the experimenter,
F(1, 9) = 7.28, P = 0.021; the percentage of errors was
higher in the Concealed-experimenter condition than in the
Visible-experimenter condition. The analysis also revealed
a significant effect of position of nontarget boxes, F(1.253,
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11.279) = 72.44, P < 0.0001. A series of a posteriori t tests
revealed that the mean percentage of errors was higher at the
first nontarget position adjacent to the displacement device
than at the third and fourth nontarget positions, which did
not differ. Finally, the analysis also showed a significant in-
teraction, F(1.195, 10.756) = 12.51, P = 0.004. The anal-
ysis of simple main effects for the first nontarget position
adjacent to the displacement device indicated that the per-
centage of errors was higher in the Concealed-experimenter
condition than in the Visible-experimenter condition, F(1,
25) = 19.87, P = 0.002. The simple main effects of visibil-
ity of the experimenter for the third and fourth nonadjacent
positions were nonsignificant. Therefore, when the target
box was the second adjacent to the displacement device, the
dogs primarily searched behind the box located at the first
adjacent location to the displacement device but the percent-
age of errors made at the first adjacent nontarget position
was lower when the experimenter was visible than when she
was not.

When the target location was the third adjacent box rela-
tive to the position of the displacement device, the sphericity
could not be assumed for the factor position of the nontarget
boxes (W = 0.322, df = 2, P = 0.011). The factorial within-
subject ANOVA showed a significant effect of visibility of
the experimenter, F(1, 9) = 5.74, P = 0.040; the percentage
of errors was higher in the Concealed-experimenter condi-
tion than in the Visible-experimenter condition. The analysis
also revealed a significant effect of position of the nontarget
boxes, F(1.271, 11.436) = 20.57, P < 0.0001. A series of
a posteriori t tests indicated that the mean percentage of er-
rors was higher at the first adjacent nontarget position than at
the second and fourth adjacent nontarget positions, and that
the percentage of errors was higher at the second than at the
fourth adjacent nontarget position. The ANOVA also showed
a significant interaction, F(2, 18) = 15.50, P < 0.0001. The
analysis of simple main effects indicated that the percentage
of errors made by the dogs at the first nontarget position ad-
jacent to the displacement device was higher in the ID trials
of the Concealed-experimenter condition than in the ID tri-
als of the Visible-experimenter condition, F(1, 27) = 26.91,
P < 0.0001. The simple main effects of visibility of the ex-
perimenter for the second and fourth nonadjacent positions
were nonsignificant. Thus, when the target location was the
third box adjacent to the displacement device, the dogs pri-
marily searched behind the box adjacent to the displacement
device. However, the percentage of errors was lower at the
first adjacent nontarget box when the experimenter was vis-
ible than when she was not.

Finally, when the target location was the fourth adja-
cent nontarget box, the factorial within-subject ANOVA re-
vealed a significant effect of position, F(2, 18) = 21.19,
P = 0.0001, but no other significant effects. A series of a
posteriori t tests indicated that the mean percentage of errors

was higher at the first adjacent nontarget position than at the
second and third nontarget positions, which did not differ.
Therefore, when the target location was the fourth adjacent
box, the errors were primarily distributed as a function of the
first box adjacent to the displacement device.

In summary, the analysis of errors in the ID trials supports
the analysis of success and also indicates to which extent the
search behavior of dogs was guided by the position of the
experimenter relative to the target box. In the Concealed-
experimenter condition, whatever the position of the target
box, the dogs systematically searched behind the first non-
target box relative to the final position of the displacement
device. However, in the Visible-experimenter condition, if
the target object was hidden behind one of the two cen-
tral boxes (the second and third adjacent boxes), that is, the
two boxes located in closest proximity of the experimenter
who manipulated the object, the percentage of errors made
at the first adjacent box was lower than in the Concealed-
experimenter condition. However, if the object was hidden
behind the first or fourth adjacent box, the dogs searched as
a function of the displacement device. These results, com-
bined with those observed in the analysis of success, suggest
that in the ID trials, the search behavior of dogs was partially
guided by the presence of the experimenter when the target
object was hidden behind one of the two boxes adjacent to the
experimenter. Otherwise, the dogs searched mainly behind
the first adjacent box relative to the displacement device.

Visits to the displacement device

In the ID trials, if the dogs first visited the displacement
device, they were given a second chance to search behind
one of the four boxes. Therefore, there was a possibility
that the dogs primarily searched behind the box adjacent to
the displacement device because after searching behind the
displacement device, it was the first box they encountered.
As a result, the dogs could have used an associative rule such
as “Visit the displacement device and if the target object is
not there, select the first adjacent box”. If the dogs relied on
this alternative strategy, the number of search attempts made
at the displacement device should be high and stable in both
testing sessions of each experimental condition. In order to
test this posthoc hypothesis, the number of visits made at the
displacement device was transformed as a percentage of the
total number of valid trials in which each dog watched the
whole manipulation of the device.

First, a series of one-sample t tests indicated that the mean
percentage of visits made at the displacement device was
at chance (chance was 20% because the displacement de-
vice was identified as the fifth potential hiding location) in
the first session of the Concealed-experimenter condition
(t(9) = 0.78, P = 0.79) whereas it was lower than chance
in sessions 1 and 2 of the Visible-experimenter condition
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(t(9) = − 5.09, P = 0.001 and t(9) = − 9.96, P < 0.001,
respectively) as well as in session 2 of the Concealed-
experimenter condition (t(9) = − 2.52, P = 0.03). Second,
a factorial within-subject ANOVA with visibility of the ex-
perimenter (2) × session (2) revealed that the percentage
of visits made by the dogs at the displacement device was
higher in the first session (M = 12.92, SD = 8.10) than
in the second (M = 6.82, SD = 7.10), F(1, 9) = 21.94,
P = 0.001. All other effects were nonsignificant.

In summary, these analyses reveal that the dogs visited
the displacement device more frequently in session 1 than
in session 2, suggesting that they learned over trials that the
displacement device was not a hiding location. However,
given the low percentage of visits made by the dogs to the
displacement device in each session of both conditions, it ap-
pears that the dogs did not regard the displacement device as
a potential hiding location. This observation is not surprising
because the open side of the displacement device was facing
the dog at the end of the manipulation and the dogs could
easily perceive that the displacement device was empty.

General discussion

In the present study, although we have replicated the experi-
mental setup (number of boxes and final position of the dis-
placement device) used by Gagnon and Doré (1992, 1993),
our data corroborate those observed by Collier-Baker et al.
(2004), suggesting that domestic dogs do not understand
invisible displacements. Most specifically, the dogs easily
succeeded on visible displacement problems as well as on
invisible displacements in which the final position of the
displacement device was adjacent to the target box. How-
ever, they failed on invisible displacement problems in which
the displacement device was nonadjacent to the target box.
Moreover, the analysis of search distribution revealed that
the dogs primarily searched as a function of the adjacency
of the displacement device but also relied, to a lesser extent,
on the position of the experimenter to determine where to
search. The influence of the experimenter on the search be-
havior of dogs was also supported by the tendency of dogs to
stare at the experimenter during the invisible displacement
trials, suggesting that dogs were unable to infer the invisi-
ble displacement of the object but attempted up to a certain
point to rely on visual cues involuntarily provided by the
experimenter to locate the hidden object.

But why did dogs primarily search at the first adjacent
box relative to the displacement device in invisible displace-
ments? If the dogs do not have the mental capability to infer
that the object was imperceptibly transferred from the dis-
placement device to the target box, as a rule they should
have searched for the object at the location where they saw it
disappear, that is, inside the displacement device. However,

perhaps because the dogs were given a direct perceptual cue
showing that the target object was no longer inside the dis-
placement device at the end of the manipulation, the dogs
logically searched for the hidden object at the nearest loca-
tion to the displacement device, that is, the first box adjacent
to it. Recent investigations into domestic dog cognition sup-
port this interpretation. For example, Osthaus et al. (2003)
performed a series of experiments aimed at investigating
a gravity bias for falling objects in dogs. In their experi-
ments, an attractive object was dropped into a small opaque
chimney, which was diagonally attached with the help of an
opaque tube to one of the three boxes located below. Their
results indicated that dogs searched for the object inside the
box located just below the target chimney (that is where
the food was dropped off) and the authors concluded that
dogs do not understand that falling objects can move diag-
onally on the vertical plane. Another plausible explanation
to Osthaus et al. (2003)’s results, however, is that dogs do
not understand that an object can unnoticeably move inside
an opaque tube. Thus, in Osthaus et al. (2003)’s study, per-
haps the dogs searched at the box directly located below the
dropping chimney because it was the nearest location to the
target chimney where they saw the object disappear. Fiset
and Perreault (2004) tested this hypothesis by orienting the
chimneys and boxes on the horizontal plane, eliminating the
influence of gravity. They found that dogs searched for the
target object inside the box located at proximity of the tar-
get chimney, suggesting that dogs searched for the object at
the closest location where they saw it disappear. Doré et al.
(1996) also reported a similar conclusion in a task in which
the target hiding box was visibly moved to an empty adja-
cent location or transposed with an adjacent empty box. The
performance of dogs was lower in the condition in which
the initial target location was filled with an identical empty
box, suggesting that dogs were unable to represent invisible
displacements but rather searched at the location where they
saw it last.

On the contrary, the present study also reveals that do-
mestic dogs use the experimenter to increase their chance of
success in invisible displacement problems. However, this
effect was relatively subtle because it increased the perfor-
mance of dogs solely in the invisible displacement trials in
which the target location was one of the two boxes adjacent
to the experimenter. But what kinds of cues were provided by
the experimenter in the invisible displacement problems? We
suggest that the dogs did not use subtle cues (e.g., hand point-
ing) involuntarily provided by the experimenter but rather
used the experimenter as a local landmark for guiding their
search behavior when the displacement device was moved
behind one of the boxes adjacent to the experimenter. This
interpretation is supported by recent studies (Agnetta et al.
2000; Hare et al. 2002; Riedel et al. 2006) that showed that
dogs are able to use a physical marker placed in front of
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one of two boxes containing hidden food. Interestingly, our
data revealed that the dogs did not use the position of the
experimenter when the object was hidden behind the boxes
located at either end of the row of boxes, suggesting that
the capacity of dogs to encode and use local landmarks to
localize a hidden object in invisible displacement problems
is limited to the immediate objects surrounding the target po-
sition. This observation also supports the interpretation that
the dogs did not use subtle visual cues involuntarily provided
by the experimenter during the manipulation. If the dogs had
used such visual cues, the experimenter would have influ-
enced the search behavior of dogs whatever the position of
the target location because the manipulations were the same
for each ID trial. However, we did observe a difference in
the search distribution of dogs as a function of the position
of the target location. Nevertheless, one may raise the objec-
tion that the dogs did not use the experimenter to encode the
position of the object but rather searched behind the boxes
adjacent to the experimenter because they were attracted by
the movements of the experimenter when she returned be-
hind the two central boxes at the end of the manipulation.
However, if the dogs had relied on this alternative strategy,
they should also have searched behind the two central boxes
adjacent to the experimenter when the target box was located
at either end of the row of boxes but we did not observe this
tendency in the analysis of errors. Interestingly, although the
tendency of dogs to stare at the experimenter during the in-
visible displacement trials supports our interpretation, it may
also reflect the importance of domestication in dogs, which
has recently been put in evidence by studies on compara-
tive social cognition. For example, Miklósi et al. (2003) first
socialized dogs and wolves to humans at comparable levels
and later trained them to solve two simple manipulation tasks
(bin-opening and rope-pulling). Then, both species faced an
insoluble version of the same two problems. Results revealed
that dogs looked/gazed earlier and longer at their owner than
socialized wolves, suggesting that while they face a com-
plex task (as in the present study), dogs attempt to look at
human face. Interestingly, this ability appears to be part of a
complex form of dog–human communication system which
possibly emerged through close cohabitation during the last
35,000–100,000 years, that is, after dogs diverge from their
common ancestor, the wolf (Vilá et al. 1997).

Finally, although the present findings, as well as those
reported by Collier-Baker et al. (2004), suggest that domes-
tic dogs do not have the mental capacity to infer invisible
displacements, they indicate that dogs are able to sponta-
neously use a variety of strategies to increase their chance
of success. Put together, our study and the one conducted
by Collier-Baker et al. (2004) reveal that the performance
of dogs in invisible displacement problems is influenced by
the final position of the displacement device, the visibility
of the experimenter, and the last box visited by the displace-

ment device. Nevertheless, it appears that dogs attribute more
weights to some sources of information than others. The fi-
nal position of the displacement device is undeniably more
influential than the last box visited by the displacement de-
vice or the position of the experimenter. This hierarchical
organization of the search behavior of dogs for hidden ob-
ject has already been implicated by a study investigating
the spatial encoding processes in dogs. Fiset et al. (2000)
performed a series of experiments to examine whether dogs
used egocentric or allocentric spatial information to locate a
disappearing object in a single visible displacement task. In
their experiments, all visual sources of allocentric spatial in-
formation (boxes, experimenter, walls) were systematically
and drastically shifted to a new location in the room. The re-
sults indicated that the dogs did not use any of these sources
of allocentric information but primarily searched as a func-
tion of linear egocentric information, that is, the direction by
which they had seen the object disappear (Fiset et al. 2006).
Furthermore, when the spatial position determined by linear
egocentric information was not available, the search behav-
ior of dogs was guided by allocentric information. This later
observation supports the conclusion that the spatial encod-
ing process of dogs is hierarchically organized: dogs prefer
linear egocentric information but can also encode and use
allocentric information. In the current study, it appears that
the dogs also hierarchically organized the visual cues avail-
able in an invisible displacement task: the dogs primarily
searched as a function of the displacement device but when
the experimenter was visible, they showed a tendency to use
both sources of information.

In conclusion, the present study supports the assumption
that domestic dogs do not understand invisible displacement
problems but rather search as a function of the final position
of the displacement device and, to a lesser extent, the posi-
tion of the experimenter. The current study also indicates that
studies assessing the upper limits of object permanence must
be carefully designed to avoid misinterpretation of the cogni-
tive capability of nonhuman animals. Therefore, we strongly
recommend that further studies investigating upper limits of
object permanence in animals use the experimental controls
introduced in the current study as well as those proposed by
Collier-Baker et al. (2004, 2006).
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Gagnon S, Doré FY (1993) Search behavior of dogs (Canis familiaris)
in invisible displacement problems. Anim Learn Behav 21:246–
254
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