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Abstract Two experiments explored the duration of dogs’
working memory in an object permanence task: a delay
was introduced between the disappearance of a moving
object behind a box and the beginning of the search by the
animal. In experiment 1, the dogs were tested with reten-
tion intervals of 0, 10, 30, and 60s. Results revealed that
the dogs’ accuracy declined as a function of the length of
the retention interval but remained above chance for each
retention interval. In experiment2, with new subjects,
longer retention intervals (0, 30, 60, 120, and 240s) were
presented to the dogs. Results replicated findings from ex-
periment 1 and revealed that the dogs’ accuracy remained
higher than chance level with delays up to 240s. In both
experiments, the analysis of errors also showed that the
dogs searched as a function of the proximity of the target
box and were not subject to intertrial proactive interfer-
ence. In the discussion, we explore different alternatives
to explain why dogs’ search behaviour for hidden objects
decreased as a function of the retention intervals.

Keywords Object permanence - Search behaviour -
Working memory - Retention interval - Dogs

Introduction

Several animal species face situations in which animate
objects move and disappear from sight momentarily. For
example, hunting demands from animals the ability to
track and locate hiding prey. Other crucial behaviours, such
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as feeding or mating, require the need to maintain interac-
tion with social partners that have moved and disappeared.
Etienne (1973, 1984) classified into three levels the dif-
ferent kinds of strategies that are present in the animal
kingdom to locate physical or social hidden objects. The
first level is observed in predatory species of various phyla
(e.g. spiders, insects). Through evolution, these species
have developed stereotyped movements or postures to in-
crease the probability of contacting and catching prey that
has disappeared. These strategies, however, are limited to
objects that have an immediate survival value and last for
a limited period of time (Doré and Goulet 1998). The sec-
ond level of action is based on instrumental learning. For
some species, such as rabbits and chicks, the ability to
find hidden objects is demonstrated only if they have pre-
viously been trained to locate and find a specific type of
moving object in a particular situation. This kind of action
is not flexible and does not generalise to new objects and
new situations. Finally, the ultimate level of locating and
finding hidden objects is based on a spontaneous and ac-
tive search behaviour. This last level corresponds to a flex-
ible cognitive structure known as object permanence, which
develops during ontogeny and provides the understanding
that objects continue to exist even when they are no
longer available to immediate perception in the environ-
ment (Piaget 1937/1967).

In the last 20 years, the theory of cognitive develop-
ment of object permanence, which provides an appropri-
ate and valuable framework to determine whether a par-
ticular species is spontaneously able to locate a hidden ob-
ject, has been extensively and successfully used by animal
psychologists (for a review, see Doré and Dumas 1987;
Doré and Goulet 1998). According to the theoretical
framework of object permanence, the ability to locate and
find a hidden object can be determined by an experimen-
tal situation called a visible displacement (VD) task. In
this task, the animal faces a row of identical boxes (nor-
mally four) and sees an attractive object moving and dis-
appearing behind or under one of the boxes. After the ob-
ject’s disappearance, the animal is immediately released
to search for the object and is rewarded if it finds the tar-
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get object behind the first visited box. The studies using
this procedure have demonstrated that many species, such
as cats (Doré 1986, 1990; Dumas and Doré 1989, 1991;
Goulet et al. 1994; Gruber et al. 1971; Thinus-Blanc et al.
1982; Triana and Pasnak 1981), dogs (Gagnon and Doré
1992, 1993, 1994; Triana and Pasnak 1981), nonhuman
primates (Call 2001; De Blois and Novak 1994; De Blois
et al. 1998, 1999; Mathieu et al. 1976; Natale et al. 1986;
Parker 1977; Redshaw 1978; Wood et al. 1980), and psitt-
acids (Funk 1996; Pepperberg and Funk 1990; Pepperberg
and Kozak 1986), are highly successful in spontaneously
pursuing and retrieving animate objects hidden behind one
or successive specific spatial locations in the environment.

Recently, a small number of animal studies have fo-
cussed on determining the spatial and memory mecha-
nisms underlying spontaneous search behaviour in object
permanence tasks and what type of spatial information is
encoded and used to successfully locate a disappearing
object (Fiset and Doré 1996; Fiset et al. 2000). For the
moment, however, this approach is mostly restricted to the
study of cats and dogs because the scientific investigation
of search behaviour for hidden objects is much more ad-
vanced in these two species than in others (Doré et al.
1996). Nevertheless, it appears that in cats and dogs, the
spatial encoding processes of hidden objects are highly
flexible. Studies by Fiset and Doré (1996) showed that
cats base their search behaviour on their own spatial posi-
tion (egocentric frame of reference) or on some global
landmarks (allocentric frame of reference) according to
the circumstances they encounter in the environment. In
dogs, allocentric and egocentric information are both si-
multaneously encoded but they base their search behav-
iour primarily on an egocentric frame of reference (Fiset
et al. 2000).

The present study extended this approach and focussed
on the duration of the memory mechanisms underlying
the search for disappearing objects in animals. More
specifically, we investigated the retention interval that
dogs can tolerate after the object’s disappearance with a
VD-like object permanence task: a delay was introduced
between the disappearance of the object behind a target
box and the beginning of the search by the animal. To lo-
cate and find a hidden object in this task, animals must en-
code and maintain spatial information on the spatial loca-
tion of the hiding place for a limited period of time in
working memory (Goulet et al. 1996). This cognitive struc-
ture preserves an active representation of the most recently
encoded spatial information used to locate the target ob-
ject. Therefore, to retrieve a disappearing object success-
fully, the animal must encode in working memory the po-
sition where the object is hidden and later recall and use
this information to locate and find the target object. In the
experimental context of a VD task, Goulet et al. (1994) af-
firmed that the encoded information must be reset from
working memory after each trial because the hiding loca-
tion (target box) changes from trial to trial.

The VD task is analogous to the delayed-response
(DR) task, which was developed by Hunter (1913) and ex-
tensively used to compare duration of memory in different

species at the beginning of the twentieth century. As in the
DR task, the animal must retain the spatial position of a
target object for a limited time in the VD task. However,
in the VD task, there are several potential target locations
(up to five), whereas in the DR task, there are usually only
two or occasionally three (Goulet et al. 1996). In addition,
the movements of the target object at the beginning of
each trial are much more complex in the VD task: the an-
imal visually has to track the target object in front of the
other potential hiding locations. By contrast, in most of
the studies using the DR task, the target object is already
positioned at the target location and the target cover is
simply lifted up to show the spatial position of the target
object. When the target object is moved in a DR task, the
object goes directly behind the target location without in-
terfering with the other potential locations (for an exam-
ple, see Vallortigara et al. 1998). Finally, whereas the DR
task may be adapted to study spatial memory for visual
and/or auditory information, the VD task is mainly a visual
task. Recent studies have revealed that dogs’ spatial mem-
ory for auditory information declines gradually between O
and 120 s but remains far above chance (Kowalska 1995,
2000), and there is evidence that dogs can retain visual in-
formation for up to 5 min in a DR task (see Hunter 1913).

The delayed-nonmatching-to-sample (DNMS) task has
also been used to determine the duration of dogs’ working
memory. For example, Milgram et al. (1994) have shown
that a visual DNMS task is too difficult for dogs: several
dogs did not reach the 10-s acquisition criterion within
400 trials. To take into account the importance of spatial
information in dogs, a spatial version of the DNMS task,
the delayed-nonmatching-to-sample-position (DNMP), was
developed (Head et al. 1995; Milgram et al. 1999). In the
DNMP task, a sample stimulus is presented at one of two
spatial locations. After a delay, the sample and an identi-
cal stimulus are presented to both spatial locations. To se-
lect the correct choice, the animal has to respond to the lo-
cation that was not used in the sample phase. In these
studies, intervals of 20, 70, and 120 s were randomly pre-
sented to the dogs that passed the 10-s acquisition crite-
rion. The results revealed that the dogs’ performance grad-
ually deteriorated between 20 and 110 s but still remained
higher than what was expected by chance for a two-posi-
tion task. In this two-choice task, however, the dogs may
have remembered the spatial information by using a non-
mnemonic solution, such as orienting towards the target
location during the interval. To refute this rival hypothe-
sis, Chan et al. (2002) presented a three-position DNMP
task to dogs. In this study, the delay was progressively in-
creased from 10 to 150 s for the dogs that reached the 10-s
learning criterion. The results showed that the maximum
delay completed was 110s and that the average memory
capacity was somewhere between 50 and 60 .

To our knowledge, only Gagnon and Doré (1993) have
investigated the duration of dogs’ spatial working mem-
ory mechanisms underlying the search of disappearing ob-
jects by using a VD task. In Gagnon and Doré’s experi-
ment, there were three retention intervals between encoding
and searching: 3, 13, and 23 s, and the target object was



equally hidden behind one of the four boxes placed in
front of the animal. Results revealed that dogs could eas-
ily retrieve the target object: for each retention interval,
the mean percentage of success was about 87%. This high
level of performance strongly suggests that the duration of
dogs’ working memory for disappearing objects is longer
than 23 s. Gagnon and Doré’s study, however, presents a
limitation: no experimental procedure was used to block
the dogs’ view of the hiding location during the retention
delay. Therefore, it is probable that the dogs’ performance
was due to the opportunity to fixate on the target box dur-
ing the delay. To refute this hypothesis, Gagnon and Doré
videotaped all trials and measured whether the dogs visu-
ally fixated on the target box during the entire delay. Re-
sults clearly showed that the dogs did not use this kind of
strategy. They interrupted their visual fixation in 96.7% of
the 10-s and 20-s delay interval trials. However, the authors
did not report whether the dogs looked at the target location
at different times during the delay. Therefore, the possi-
bility remains that the dogs’ high performance in Gagnon
and Doré’s study was attributable to the opportunity for
dogs to reactivate the memory trace of the target box by
looking at it from time to time during the retention interval.

In the present study, two experiments were aimed at
testing the duration of dogs’ working memory for hidden
objects by using a VD task with longer retention intervals
than those used by Gagnon and Doré (1993). In experi-
ment 1, dogs were tested at intervals of 0, 10, 30, and 60,
and in experiment 2, they were tested with intervals of 0,
30, 60, 120, and 240s. In both experiments, an opaque
screen was introduced in front of the dog during the entire
interval of time between the object’s disappearance behind
the target box and the dog’s release. The introduction of
the opaque screen in front of the dog was aimed at block-
ing the dog’s view of the hiding location during the reten-
tion intervals and to make sure that the dog could not re-
activate the memory trace of the target box during the re-
tention interval by looking at it.

Experiment 1

Experiment 1 was aimed at testing dogs’ retention capac-
ity to memorise the location of a hidden object. The object’s
disappearance behind one of four boxes and the onset of
subjects’ searching were separated by one of four reten-
tion intervals (0, 10, 30, or 60 s). It was expected that the
dogs’ performance would decline gradually from O to 60s.

Methods
Subjects
Subjects were 11 naive purebred adult dogs (Canis famil-
iaris; 3 females and 8 males, mean age 1year and

5 months, range 1-3 years) that belonged to private own-
ers. They came from breeds classified as sporting dogs
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(3 Labrador retrievers, 3 golden retrievers, 1 shorthaired
pointer), non-sporting dogs (1 Dalmatian, 1 standard poo-
dle), terriers (1 Border terrier), and toys (1 Yorkshire ter-
rier) by the American Kennel Club (AKC, 1992). It should
be remembered that Gagnon and Doré (1992) showed that
domestic dogs from various breeds were equally able to
locate and find a hidden object in a VD task similar to the
one used in the present experiment.

The dogs were selected on the basis of two criterions.
Firstly, they had to be highly motivated by the opportunity
to interact with the experimenters and the occasion to play
with a ball or a rubber toy. Secondly, although Gagnon
and Doré (1992) showed that the opportunity to smell had
no effect on dogs’ accuracy in a search behaviour task, the
dogs had to rely on visual information to search for the
target object. Dogs that seemed to rely on smell by con-
stantly putting their muzzle on the floor surrounding the
boxes and/or by intensively smelling the boxes when they
searched for the target object were discarded from the
study (n=2).

Apparatus

Four identical wooden boxes (16.5cm wide x 29.5cm
high x 11.6 cm deep with a top, a bottom, a front, and two
side panels) painted white served to hide the target object.
The bottom of each box was reinforced with lead bars to
increase inertia. They were placed on a grey rubber carpet
(210 cm widex90 cm deep). They were arrayed in a semi-
circle at a distance of 20cm from each other and were
equidistant (150 cm) from the dog’s position. The experi-
menter (E1) who performed the manipulations stood 50 cm
behind the carpet; another experimenter (E2), who re-
strained the dog during the manipulations, stood to the
side of the dog. All dogs were unfamiliar to both experi-
menters.

The target object was either a rubber squeezable toy
(several different rubber toys of various shapes and colours
were used) or a tennis ball, depending on the dogs’ pref-
erence. The rubber toys’ height varied from 8 to 15cm.
Each object was handled by a transparent nylon thread
(125 cm) tied to it. An opaque screen made of Masonite
(150 cm widex156 cm high) was used in the testing phase
to prevent dogs from seeing all four boxes after the ob-
ject’s disappearance. The opaque screen was manipulated
by a plastic L-shaped handle screwed to the top edge.

The experiment was conducted in the owner’s house
(or garage) where a room (at least 4 m?) was selected on
the basis of the dog’s familiarity. In addition, the experi-
mental setting (boxes and carpet) was placed in the mid-
dle of the room and all prominent objects (chairs, lamps,
etc.) were removed from the room or were moved behind
the dog’s position (out of its vision). The room’s (or
garage’s) door was closed to make sure that no noise dis-
turbed the animal during the retention intervals and the
search.
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Procedure

We divided the experiment into three successive steps:
shaping, training, and testing. Shaping and training were
administered during the first visit, whereas testing ses-
sions were administered on 2 separate days after the shap-
ing and training sessions. The dog’s owner was allowed to
watch the manipulations from behind the dog (at least 2 m)
and did not interact with the dog.

Shaping. Although the dogs were highly motivated by the
opportunity to play with the target object, we introduced a
food reinforcement procedure to prevent motivation from
declining during the experiment. The dogs were trained to
touch the target object.

In the first step of shaping, E1 simply moved the target
object in front of the dog while E2 held the dog by its col-
lar as it watched the manipulation. As soon as E1 put down
the object (anywhere on the carpet but not close to the
boxes), E2 released the dog. The dog was reinforced by E1
if one of the following behaviours was exhibited: 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 re-
wards such as “good dog!”) were used as reinforcements.
One highly motivated dog was rewarded only with social re-
inforcements. When the dog had touched the object in 5 suc-
cessive trials, the target object was gradually positioned
closer to the boxes as the dog succeeded. Finally, the ob-
ject was placed between two of the four boxes but not be-
hind them. The shaping phase was completed when the
subject had touched the target object located between two
boxes in 10 consecutive trials. The dogs needed a mean
number of 21.27 trials (SD=2.41) to complete the shaping
phase and all dogs reached the last criterion in 10 trials.

Training. Five minutes after the end of shaping, the dogs
were submitted to a training phase where they learned to
find the target object in each of the four positions on the
carpet. Through this procedure, the dogs learned that each
position and each box had an equal probability of being a
hiding location.

At the beginning of a training trial, E1 put down the
target object in front of the two central boxes while E2 re-
strained the animal by grasping its collar. With the help of
the nylon thread tied to the target object, E1 lifted the ob-
ject, captured the dog’s attention, moved the object visibly
in front of each of the four boxes, and finally hid the ob-
ject behind the target box. When the target box was lo-
cated to the dog’s right, E1 moved the object from left to
right, and when the target box was located to its left, E1
moved the object from right to left. If the dog did not
watch the movement throughout the entire sequence, the
trial was interrupted and repeated. Because the dogs were
highly motivated to search for the target object, repeated
trials rarely occurred. Once the object had disappeared,
El, to prevent cueing, looked at E2. Then, E2 introduced
the opaque screen in front of the dog, immediately removed
it, and released the dog. The purpose of this manoeuvre was

to habituate the dogs to the manipulation of the opaque
screen that was used later in testing. If the dog made no
search attempt 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 behind the target
box and touched it (success), it was reinforced. However,
if the dog chose a non-target box (error), the trial was im-
mediately interrupted, and the dog was not allowed to
search for the object behind a second box.

Within a training session, the target object was hidden
six times behind each of the four boxes for a total of 24
training trials. In addition, the hiding location (target box)
changed from trial to trial so that the target object was
never hidden at the same spatial location on two consecu-
tive trials and each trial was separated by a short intertrial
interval of 30s. Training ended when the dog reached a
criterion of 80% (20 out of 24 trials) during one training
session. If the dog failed to reach the criterion, additional
training sessions were administered over the next few days.
All dogs took one session to reach the criterion and they
maintained a mean percentage of success of 89.8% (SD=
7.06). There was no training trial without a search attempt.
This high level of performance indicates that dogs’ search
behaviour for a hidden object is spontaneous and does not
require specific training.

Testing. Testing began the day following the end of training.
Each testing session began following three warm-up trials,
which were identical to those of the last phase of shaping.
On each testing trial, E1 hid the target object behind one of
the four boxes, as was done during training. Then, the
opaque screen was introduced by E2 in front of the dog for
0, 10, 30, or 60s. At the end of the retention interval, E2
removed the opaque screen and released the dog. To pre-
vent cueing, E1 looked at E2 during the dog’s searching
behaviour.

The object was hidden three times behind each of the
four boxes for each of the four retention intervals, for a to-
tal of 48 trials that were distributed over two sessions. The
sessions were counterbalanced among dogs and were ad-
ministered on 2 consecutive days. To avoid the negative
effect that a succession of long intervals might have on
the performance in trials with short retention intervals
(Fletcher 1965), trials were assigned semi-randomly to the
two sessions: the four retention intervals (0, 10, 30, and
60s) were randomly distributed in a block of four trials.
As aresult, there were six blocks of trials within a session,
and no trial with a given interval was followed by a trial
with the same interval. In addition, the hiding location
(target box) changed from trial to trial so that the target
object was never hidden at the same spatial location on
two consecutive trials. Finally, a 30-s intertrial interval
was introduced between each testing trial.

Results and discussion

For all statistical analyses, a criterion of P<0.05 was used
for rejection of the null hypothesis. In all experiments, the
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Fig.1 Mean percentage of successful trials as a function of the re-
tention interval in experiment 1

percentage of success expected by chance was 25%. If the
dogs searched randomly, they should have searched equally
often behind each of the four boxes. In the 528 testing trials,
there were none without a search attempt.

Percentage of success

Figure 1 shows the mean percentage of success as a func-
tion of the length of the retention interval in testing. The
dogs’ performance declined as a function of interval as in-
dicated by a within-subject analysis of variance (ANOVA)
on the percentage of success, F3;5=7.63, P=0.003. An a
posteriori Newman—Keuls test revealed that the dogs’ per-
formance was stable between 0-s and 10-s intervals. It
also showed that these mean percentages of success were
significantly higher than those observed at 30-s and 60-s
intervals, which did not differ. Finally, a series of one-
sample ¢ tests revealed that the dogs’ mean percentage of
success was greater than what would be expected by
chance for each retention interval, 7,(=14.34, 12.60, 5.97,
and 5.52, respectively. Therefore, the analysis of success
reveals that the dogs’ performance of locating a hidden
object was very high with short retention intervals and re-
mained above chance with delays up to 60s.

Analysis of errors

To determine why the dogs’ performance declined as a
function of the length of the delay, we examined the pos-
sibility that dogs may have been subject to intertrial proac-
tive interference. Proactive interference was inferred when-
ever the spatial information used by the dogs prior to the
current trial interfered with their capability to retain the
spatial information of the target location (Hampton et al.
1998). Some studies (Edhouse and White 1988; Grant
1981; Roberts 1980) revealed that intertrial proactive in-
terference is most likely to occur when trials of different
intervals are successively presented within the same test-
ing session and when the intertrial interval is short. The
present experiment met these two conditions because the
four different retention intervals were randomly presented
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Table1l Number of search attempts made by the dogs to the spa-
tial location visited prior to the current trial in experiment 1

Dog Number of Total number
search attempts of errors
1 4 7
2 6 14
3 1 6
4 7 22
5 122 21
6 2 9
7 5 14
8 5 15
9 52 9
10 6 14
11 4 14

2 Significantly above chance according to a binomial test (P<0.05)

within the same testing session and each trial was sepa-
rated by a short intertrial interval of 30 s. Therefore, in the
present experiment, intertrial proactive interference was
inferred whenever subjects returned to the spatial position
they visited prior to the current trial.

For the statistical analysis, the number of search at-
tempts made at the location visited prior to the current
trial was expressed as a percentage of the total number of
errors. A non-significant within-subject ANOVA, F; 5=
2.76, P=0.078, revealed that the percentages of search at-
tempts made at the location visited prior to the current
trial were stable for each interval [note that some data were
eliminated from the analysis because some dogs (n=4) did
not make any errors during test trials of 0 and/or 10 s]. Be-
cause the number of search attempts made at the location
visited prior to the target trial did not differ from one in-
terval to another, they were pooled (see Table 1). We used
a binomial test (P=0.25) to determine whether the number
of search attempts made at the spatial location visited
prior to the current trial, expressed as the total number of
errors committed by each dog, differed significantly from
the number of search attempts expected by chance. As one
can see, only 2 of 11 dogs searched above chance level at
the location they visited prior to the current trial. Overall,
it appears that the dogs did not use the spatial information
used during the prior trial and were not subject to intertrial
proactive interference.

If the dogs’ decrease of performance was due to mem-
ory difficulties, the search attempts distribution should be
as a function of the proximity to the target box. According
to Bjork and Cummings (1984), if an organism presents a
memory limitation during an object permanence task, when-
ever it commits an error, it should search for the object near
the true hiding location. To test this hypothesis, the per-
centages of search attempts made at each non-target box
were compared to searches at the target box as a function
of their proximity. Proximity was analysed according to
two spatial configurations of the boxes. Firstly, the target
box was either on the far right or on the far left of the row
of boxes (six trials for each interval). With this spatial
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configuration, there was a first (1st), a second (2nd), and
a third (3rd) adjacent non-target box relative to the target
box. Secondly, the target box was either the second box in
from the far left or the far right of the row of boxes (six
trials for each interval). With this spatial configuration,
there was one non-target box (Ist-1) on one side of the
target box and two nonadjacent boxes (1st-2 and 2nd-2)
on the other side. Given the small number of trials (n=6)
for each interval in both types of spatial configuration of
the boxes, it was statistically hazardous to evaluate the
distribution of the percentages of search attempts behind
the non-target boxes as a function of the retention intervals.
Consequently, the percentages of search attempts made
behind each non-target box were pooled for each interval.
In addition, because the distribution of the percentages of
search attempts made behind each of the three non-target
boxes was not independent, a non-parametric Friedman
two-way ANOVA by ranks was used. Therefore, the per-
centages of search attempts made behind each of the three
non-target boxes were transformed by ranks from 1 to 3
for each dog. Rank 1 was given to the lowest percentage
and rank 3 was given to the highest percentage. Then, sig-
nificant Fr values were followed by a series of multiple
comparisons performed on the difference between the rank
sums (see Siegel and Castellan 1988). A first Friedman
two-way ANOVA by ranks revealed a significant effect of
the proximity to the target box, Fr;=17.90, P=0.0001.
Multiple comparisons tests showed that the dogs searched
more frequently at the 1st non-target box (mean rank=
3.00) than at the 2nd non-target box (mean rank=1.59),
which was visited more frequently than the 3rd adjacent
box (mean rank=1.41). A second within-subjects ANOVA
indicated a significant effect of the proximity to the target
box, Fr;=15.59, P=0.0001. Multiple comparisons tests re-
vealed that the search attempts made at the 1st-1 non-tar-
get box (mean rank=2.36) and at the 1st-2 non-target box
(mean rank=2.55) did not differ but were more frequent
than the search attempts made at the 2nd-2 non-target box
relative to the target box (mean rank=1.13). Put together,
these results reveal that when the dogs committed an er-
ror, they searched as a function of the proximity to the tar-
get box. This suggests that the dogs’ errors were due to
difficulties in remembering the exact spatial position of
the hiding location.

In summary, experiment 1 indicates that dogs’ working
memory for a hidden object declines after 30 s but still re-
mains above chance at 60 s. In addition, the analysis of er-
rors indicates that whenever the dogs committed errors,
they searched as a function of the proximity to the hiding
location and were not subject to intertrial proactive inter-
ference.

Experiment 2

Experiment 2 was aimed at testing the duration of dogs’
working memory with longer retention intervals than those
used in experiment 1 because in the first experiment, dogs

still performed well above chance after 60 s of retention.
The procedure used in experiment2 was identical to that
used in experiment 1 except that the retention intervals were
of 0, 30, 60, 120, and 240 s. We hypothesised that the dogs’
performance would decrease as a function of the intervals
and would be at chance with the longer retention intervals.

Methods
Subjects

Subjects were eight naive purebred adult dogs (Canis fa-
miliaris; two females and six males, mean age 1 year and
10 months, range 14 years) that belonged to private own-
ers. They came from breeds classified as sporting dogs
(four Labrador retrievers), toys (one Yorkshire terrier, one
Pomerarian), working dogs (one Giant Schnauzer), and
herding dogs (one German shepherd) by the AKC(1992).

Apparatus and procedure

The apparatus and general procedure were exactly the
same as in experiment 1 except that the following five re-
tention intervals were used: 0, 30, 60, 120, and 240 s. The
object was hidden three times behind each box for each of
the five retention intervals, for a total of 60 trials that were
distributed over 3 daily sessions of 20 trials. The sessions
were counterbalanced among dogs. As in experiment 1,
no trial with a given interval was followed by a trial with
the same interval and the target location changed from
trial to trial.

Results and discussion

The dogs needed a mean number of 21.55 trials (SD=
3.56) to complete the shaping phase and all dogs learned
to touch the object placed between two boxes in 10 trials.
In the training phase, all dogs took one session to reach
the criterion and they maintained a mean percentage of
success of 90.10% (SD=6.66).

Percentage of success

Figure 2 illustrates the mean percentage of success as a
function of the five retention intervals. The dogs’ perfor-
mance decreased as a function of the length of interval as
indicated by a within-subject ANOVA on the percentage
of success, F45=8.28, P=0.0002. An a posteriori New-
man—Keuls test revealed that the dogs’ accuracy was sig-
nificantly higher at 0-s and 30-s intervals (which did not
differ) than at 60-s, 120-s, and 240-s intervals, which did not
differ. Finally, a series of one-sample ¢ tests revealed that
the dogs’ mean percentage of success was better than chance
for each retention interval, #5=15.78 (0s), 7.04 (30s),
4.73 (60s), 3.73 (120s), and 4.71 (2405s).
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Fig.2 Mean percentage of successful trials as a function of the re-
tention interval in experiment 2

Analysis of errors

As in experiment 1, we examined the possibility that the
dogs’ decline in performance as a function of the length
of the delay was due to intertrial proactive interference.
A non-significant within-subject ANOVA, F(,4=0.318,
P=0.858, showed that the percentage of search attempts
made at the location visited prior to the current trial, ex-
pressed as a percentage of the total number of errors, was
stable for each interval [note that some data were elimi-
nated from the analysis because many dogs (n=5) did not
made any errors during test trials of O and/or 30s]. Be-
cause the percentages of search attempts made at the loca-
tion visited prior to the target trial did not differ from one
interval to another, they were pooled (see Table 2). We used
a binomial test (P=0.25) to determine whether the number
of search attempts made at the spatial location visited
prior to the current trial, expressed as the total number of
errors committed by each dog, differed significantly from
the number of search attempts expected by chance. As
one can see, only two of eight dogs searched above
chance level at the location they visited prior to the cur-
rent trial. Therefore, it appears that the dogs did not use
the spatial information that was used during the prior trial
and were not prone to intertrial proactive interference.

As in experiment 1, we tested the hypothesis that the
dogs’ decrease in performance was due to memory diffi-
culties. The percentages of search attempts made at each
non-target box were compared as a function of their prox-
imity to the target box for both types of spatial configura-
tion of the non-target boxes (as described in experiment
1). As in experiment 1, data were pooled and transformed
by ranks and non-parametric analyses were used. A first
non-parametric Friedman two-way ANOVA by ranks re-
vealed a significant effect of the proximity of the target
box, Frp=13.04, P=0.001. Multiple comparisons tests
showed that the dogs searched more frequently at the 1st
non-target box (mean rank=2.88) than at the 2nd (mean
rank=1.81) and 3rd non target boxes (mean rank=1.31),
which did not differ. A second Friedman two-way ANOVA
by ranks indicated a significant effect of the proximity to
the target box, Fr=9,484, P=0.009. Multiple compar-
isons tests revealed that the search attempts made at the
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Table2 Number of search attempts made by the dogs to the spa-
tial location visited prior to the current trial in experiment 2

Dog Number of Total number
search attempts of errors
1 12 33
2 6 15
3 112 20
4 7 17
5 6 20
6 102 22
7 8 23
8 7 15

a Significantly above chance according to a binomial test (P<0.05)

1st-1 non-target box (mean rank=2.44) and at the 2nd-2
non-target box (mean rank=2.44) did not differ but were
more frequent than the search attempts made at the 2nd-2
non-target box in relation to the target box (mean rank=
1.13).The present analyses reveal that when the dogs com-
mitted an error, they searched as a function of the proxim-
ity to the target box. This clearly suggests that the dogs’
errors were the result of spatial memory difficulties in re-
membering the exact position of the hidden object.

In summary, experiment?2 reveals that dogs’ working
memory for hidden objects is very good until 30s, but it
deteriorates with longer retention intervals, although it
was still above chance even after a 240-s retention inter-
val. The results of experiment?2 also supports those from
experiment 1 because when the dogs committed errors,
they had a strong tendency to search near the hiding loca-
tion and were not prone to intertrial proactive interfer-
ence.

General discussion

In the experiments reported here, the limits of working
memory for disappearing objects in an object permanence
task were investigated in domestic dogs. Overall, the
dogs’ performance was very high in the shorter delays and
it gradually declined somewhere between 10 and 60s,
where it remained stable and above chance for delays of
up to 240s.

First, it appears that the presence of an opaque screen
obscuring the target location from the dogs’ sight during
the entire delay did not disrupt the dogs’ performance in
the shorter delays. Our results are highly comparable to
those obtained by Gagnon and Doré (1993); in their study
the dogs had visual access to the location where the object
was hidden during the entire delay. However, the intro-
duction of the opaque screen in the VD task may have in-
fluenced the dogs’ performance in the longer delays. In-
deed, in a DR task, Vallortigara et al. (1998) demonstrated
that domestic chicks’ performance in finding an imprint-
ing object was better in longer delays when the chicks had
visual access to the hiding location than when they did
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not. A similar effect has also been reported in primates (for
a review, see Fletcher 1965). Therefore, it is possible that
in the present experiments, the introduction of the opaque
screen in front of the animal during the delay explains
why the dogs’ performance dropped after a relatively
short retention interval. This may also explain why Hunter
(1913) found that in a DR problem, dogs were able to re-
member a target location even after a retention interval of
300s. In the DR problem used by Hunter, no opaque
screen obscured the dogs’ view and the sight of the boxes
during the entire delay could have been used by the dogs
to rehearse the target location. To confirm this last hy-
pothesis, another study should compare dogs’ ability to
find a hidden object in a search task in which dogs do and
do not have visual access to the target location during the
entire delay.

In the present experiments, one could propose that the
dogs’ performance in the longer delays, which was well
above chance level, was due to an alternative non-
mnemonic strategy, that is, a body or head orientation
strategy (see Hunter 1913; Walton 1915; Yarbrough 1917).
If the dogs had been using such a non-mnemonic strategy
during the retention interval, they would have oriented
their head or body in the direction of the hiding location
during the entire delay. Although we were aware of this
possibility when we designed the experiments, we did not
register the dogs’ body or head orientation during the de-
lay. Data gathered by previous experiments in our labora-
tory motivated this decision. Fiset et al. (2000) have sys-
tematically videotaped dogs’ head and body position dur-
ing an object permanence task similar to the one used in
the present study. Their results demonstrated that dogs do
not orient their body or their head towards the target hid-
ing location during a 10-s retention interval. In fact, dogs
moved their body and their head from right to left and
vice versa during the entire retention interval. It should be
noted, however, that in Fiset et al. (2000), the retention in-
terval was shorter (10 s) than some delays used in the pre-
sent experiments and one could argue that a body or head
orientation strategy would emerge after a longer retention
interval. However, although we did not systematically
register the dogs’ head and body orientation, in the longer
retention intervals of the present experiments, we did ob-
serve the same head and body movements in dogs as those
noted and reported by Fiset et al. (2000). The same be-
haviours were also reported by Vallortigara et al. (1998)
in a DR task in the domestic chick with delays up to 180
s. In addition, given the presence of an opaque and uni-
form barrier (the screen) in front of the dogs during the
entire delay, we do not see how the dogs could have relied
on a body orientation strategy in longer delays if they did
not maintain this strategy during the first seconds follow-
ing the object’s disappearance. The dogs would not have
visual access to the target location to reorient themselves
towards the appropriate direction. Consequently, we are
confident that the dogs did not use a non-mnemonic strat-
egy such as a body or head orientation to locate the hidden
object. Therefore, the most likely explanation remains
that dogs encode and maintain an active representation of

the hiding location in working memory during the reten-
tion intervals. This conclusion is also supported by the
analysis of errors showing that dogs searched as a func-
tion of the proximity to the hiding location. The distribu-
tion of errors in search behaviour near the hiding location
suggests that the dogs did remember an approximation of
the spatial position of the target location but forgot the ex-
act position (Bjork and Cummings 1984).

The decrease in the dogs’ performance as a function of
the retention intervals is in accordance with recent studies
that used a spatial version of the DNMS task to investi-
gate dogs’ spatial working memory (see Chan et al. 2002;
Head et al. 1995; Milgram et al. 1994, 1999). This sup-
ports the hypothesis that dogs do rely on a mental repre-
sentation to memorise the spatial information of the target
hiding location. This suggests that the strength of the
memory trace of the hiding location decreased gradually
in the dogs’ working memory in the minute following the
object’s disappearance behind the target location. How-
ever, how dogs maintain the spatial information about the
hiding location in working memory for a relatively long
period of time (240 5s) is still unknown. One possibility is
that dogs might use a form of rehearsal to keep the hiding
location active in memory. However, our experiments did
not provide any cues about this possibility and for the mo-
ment, this remains purely speculative.

In future research, dogs’ memory for hidden objects
should be tested in situations in which they would have to
retrieve a target object that had been hidden by them in
the environment. Indeed, in recent years, pseudo-scien-
tific literature about dogs has reported anecdotal tales sug-
gesting that several breeds of dogs are able to cache “pre-
cious objects” (such as bones) at different locations in
their immediate environment and retrieve them hours or
days later. However, no one has yet seriously investigated
this behaviour. Numerous studies have already demon-
strated the presence of amazing memory capabilities in
different species of food-storing birds. For example, the
Clark’s nutcracker (Nucifraga columbiana) locates thou-
sands of buried seeds for up to 11 months (for a summary
of these studies, see Balda and Kamil 1998). Maybe dogs
demonstrate, on a different level than the food-storing
birds, specialised memory mechanisms for locating an ob-
ject hidden by themselves rather than by someone else.

In summary, our research supports the value of the Pia-
getian framework used by researchers to study cognitive
abilities of diverse species (Pepperberg 2002) and extends
this approach to the study of the memory mechanisms un-
derlying the search for disappearing objects in animals.
More specifically, our study shows that a visible displace-
ment task, coupled with the introduction of an opaque
screen in front of the animal during the entire delay, may
be helpful in investigating the length of time that animals
can retain the spatial position of a disappearing object in
the environment. Consequently, more studies are called
for investigating the duration of working memory for hid-
den objects in animal species that have already demon-
strated the ability to spontaneously locate disappearing
objects.
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