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a b s t r a c t

A successful procedure for studying imitative behavior in non-humans is the bidirectional control pro-
cedure in which observers are exposed to a demonstrator that responds by moving a manipulandum in
one of two different directions (e.g., left vs. right). Imitative learning is demonstrated when observers
make the response in the direction that they observed it being made. This procedure controls for socially
mediated effects (the mere presence of a demonstrator), stimulus enhancement (attention drawn to a
manipulandum by its movement), and if an appropriate control is included, emulation (learning how
the environment works). Recent research with dogs has found that dogs may not demonstrate imitative
learning when the demonstrator is human. In the present research, we found that when odors were con-
trolled for, dogs imitated the direction of a screen-push demonstrated by another dog more than in a
control condition in which they observed the screen move independently while another dog was present.

Furthermore, we found that dogs would match the direction of screen-push demonstrated by a human
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and they were equally lik
human was present.

Recently, imitative learning in dogs has attracted considerable
esearch interest (Range et al., 2007; Topál et al., 2006; Kubinyi
t al., 2003). This interest can be attributed in part to the fact
hat dogs are intelligent carnivores that historically lived in com-
lex social groups (Bekoff, 1995) and that during the domestication
rocess, dogs may have been selected for human-like cognitive abil-

ties such as imitation. Imitation is of special interest because the
erm implies that an observer can watch a demonstrator perform
n improbable behavior and then engage in that behavior (Zentall,
996).

It has been proposed that imitation implies that the observer
nderstands the relationship between its own behavior and the
ehavior being modeled by a demonstrator (Piaget, 1962). The
ecent interest in imitation in dogs has been facilitated by the
evelopment of new paradigms that allow one to test for imitative

earning while controlling for alternative, often less cognitive
ccounts of behavioral matching.

For example, some animals show species typical behaviors that

an be elicited when one member of a group observes another
ember engage in a certain behavior (Thorpe, 1963). Such reflex-

ve behavior, often called contagion, is triggered automatically and
mmediately follows the behavior that was observed. Yawning in
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match the direction in which the screen moved independently while a
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umans, and herding or flocking in animals are examples of con-
agious behavior. To control for contagious behavior, research on
mitation in animals should study the acquisition of improbable
ehaviors that are not likely to be reflexive.

It is also possible that the mere presence of another animal can
lter the probability of certain behavior. Zajonc (1965) suggested
hat the mere presence of a conspecific may increase the level of
rousal in an observer, and an increase in arousal can affect the gen-
ral activity of the observer, leading to a change in the probability
f performing a response (Levine and Zentall, 1974). Whether mere
resence tends to facilitate or retard acquisition may depend on
he nature of the response but in general it is important to include
control for such effects.

Perceptual factors can also increase the likelihood of the acqui-
ition of a response. For example, the presence of a conspecific at a
articular location can increase the salience of that location (local
nhancement), or the movement of an object (e.g., a lever; stimulus
nhancement) by a demonstrator can increase the salience of the
bject. If the behavior of the demonstrator attracts the observer’s
ttention to a location or object, it can increase the probability
hat the observer makes the appropriate response. For example,
orenz (1935) found that ducks were more likely to escape from
heir pen through a hole in the fence if they observed another

uck move through the hole. Similarly, there is evidence that dogs
hat observe a human carrying a target object to the inside of a
-shaped fence, will detour the fence from the apex more quickly

han dogs that do not observe the demonstration (Pongrácz et
l., 2001, 2003a,b). However such effects could be produced by

http://www.sciencedirect.com/science/journal/03766357
http://www.elsevier.com/locate/behavproc
mailto:zentall@uky.edu
dx.doi.org/10.1016/j.beproc.2008.09.011
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rawing the dog’s attention to the point at which the dog could
ccess the inner area of the V-shaped fence (local enhancement).

A means of controlling for stimulus and local enhancement
alled the bidirectional control procedure was developed by Heyes
nd Dawson (1990). They trained demonstrator rats to push an over-
ead rod either to the left or to the right. Hungry rats observed the
emonstrator push the rod in one direction, and then they were
iven access to the rod and were rewarded for pushes in either
irection. Heyes and Dawson found that observer rats showed a
ignificant tendency to push the rod in the same direction as they
bserved it pushed. However, Mitchell et al. (1999) showed that
lfactory cues, rather than visual cues, were probably responsible
or the matching behavior.

Klein and Zentall (2003) used the bidirectional control proce-
ure to test for imitative learning in pigeons, a species with good
isual acuity but less likely to be influenced by odor cues. In their
esign, observer pigeons viewed one of two different demonstra-
ions. They either observed a demonstrator push a feeder-blocking
creen to the left or right of the feeder opening, or they observed
he screen move unobtrusively by the experimenter with another
igeon present (a control for emulation learning and social facil-

tation). The control group was included because under these
onditions the observer could learn the relationship between the
bject movement and the salient outcome and instead of match-
ng the behavior of the demonstrator, the observer might produce
he outcome via object movement reenactment (copying the way
bject move), a type of emulation learning (Whiten and Ham, 1992).
lein and Zentall found that following the conspecific demonstra-

ion, observer pigeons showed a significant tendency to push the
creen in the same direction as they had observed it being pushed.
owever, observer pigeons that viewed the screen move unobtru-

ively by the experimenter with another pigeon present did not
atch the direction of screen movement. Thus, it appears that the

idirectional control procedure, with appropriate control for emu-
ation and social facilitation, is an effective procedure for assessing
mitative learning. Similar results have been found using Japanese
uail as subjects (Akins et al., 2002).

In spite of this strong evidence for imitation in birds using the
idirectional control procedure, Kubinyi et al. (2003) did not report
imilar findings using this procedure with dogs. In their design,
ogs observed one of several demonstrations. In one condition,
ogs observed a human (owner) push a handle to the left or right to
elease a ball from a box. The owner then initiated play with the dog
nd the ball. Dogs in another condition observed the owner touch
he handle of the box without releasing the ball, and in two other
onditions dogs observed their owners either touch the top of the
ox or not interact with the box at all. The latter three conditions
ontrolled for the possible effects of social facilitation and stimu-
us enhancement as they did not produce the ball. Odor cues were
ontrolled by having the owner rub the handle prior to demon-
trating. After the demonstration, the dogs were given test trials
n which they were allowed to manipulate the handle of the box.
he authors found that dogs that observed their owners manipulate
he handle tended to manipulate the handle more than the other
roups, however, in general, they did not move the handle in the
irection demonstrated. Thus, these dogs did not show evidence of

mitative learning. Rather, the results suggest that the demonstra-
ion enhanced the salience of the handle (stimulus enhancement).

hen manipulation of the handle was associated with a rewarding
vent, the dogs were more attracted to it and were more likely to

anipulate it.
To account for the fact that pigeons are more likely to imitate

sing the bidirectional control procedure than rats or dogs one
ould propose that it is because they have a more highly developed
isual system that enables them observe the behavior of others.
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lternatively, there are several differences in the procedure used
y Klein and Zentall (2003) and those used by Heyes and Dawson
1990) and by Kubinyi et al. (2003) that might account for the dif-
erences in results found. In case of the rats, Heyes and Dawson
1990) confounded the visual observation cues with olfactory cues
nd when the confound was resolved by pitting the two against
ach other (Mitchell et al., 1999), the rats behavior appeared to be
ontrolled by the olfactory cues.

In case of the Kubinyi et al. (2003) experiment, it is possible
hat dogs do not naturally imitate humans. Alternatively, the differ-
nce in findings between Klein and Zentall (2003) with pigeons and
hose of Kubinyi et al. (2003) with dogs may be the fact that Klein
nd Zentall used a response that was easier to acquire (pushing
side an obstacle to get to reinforcement).

In contrast to the Kubinyi et al. (2003) results, there is evidence
hat dogs may be able to acquire the presumably more complex
oncept of imitation in the form of a do-as-I-do task (Topál et al.,
006). In this study, Philip, a service dog, was trained to reproduce
everal actions performed by his trainer when followed by a “do it”
ommand. When Philip was then shown several new actions fol-
owed by the “do it” command he performed them at a reasonably
igh level of accuracy.

There is also evidence that dogs have the remarkable ability to
mitate selectively based on an inference about the necessity of the

atching response. When dogs could make a response to obtain
ood using their paw or their mouth, they showed a preference for
sing their mouth. However, when a demonstrator dog used its
aw to obtain food rather than its mouth, observers too used their
aw. Remarkably, when the demonstrator dog’s mouth was occu-
ied with a ball and it used its paw, observers used their mouth. That

s, when the demonstrator appeared to have the option of using its
outh or its paw but used its paw, observers matched the demon-

trator’s behavior. However, when the demonstrator appeared to
e unable to use its mouth because it was occupied, the observer
resumably inferred that it could use its mouth because it was not
ccupied.

Given the results of the more complex form of the imitation task
sed by Range et al. (2007) and by Topál et al. (2006), as well as the

ailure to find imitation using the bidirectional procedure reported
y Kubinyi et al. (2003), the purpose of the present experiment was
o assess imitative learning in dogs by using a bidirectional control
rocedure with an apparatus similar to the one used with pigeons.
mesh screen that covered an opening in a wooden panel could

e pushed to the left or right. Each dog observed a demonstration
f the screen moving to the left or to the right to obtain food from
n experimenter sitting behind the screen. The dog imitation group
bserved a conspecific demonstrate the required action. This group
as included to determine whether dogs could imitate another
og (a conspecific). The social-facilitation/emulation control group
bserved a conspecific sit in front of the screen and wait for the
creen to be moved unobtrusively by the experimenter located
ehind the apparatus, who made the screen move by pulling on
fishing line attached to either side of the screen. This group was

ncluded to control for the (arousal or motivational) effects that
he presence of a conspecific may have had on emulation learning
ssociated with the movement of the screen. The human imita-
ion group observed a human demonstrator move the screen with
er hand and was included to determine whether dogs can imitate
umans. The emulation group observed the screen being moved

nconspicuously by the experimenter located behind the apparatus.

second human (the “demonstrator”) was present but she did not

ouch the screen. This last group was included as a control for the
uman imitation group and to determine whether dogs can emu-

ate the movement of the screen (without a conspecific present).
ollowing the demonstration, the demonstrator was removed (if
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resent) and the observer was released and rewarded for pushing
he screen in either direction.

. Method

.1. Subjects

Sixty seven dogs (Canis familiaris), 23 males and 31 females,
hich belonged to private owners (ages ranging from 3 to 122
onths, M = 44.7 months) were recruited. All dog owners were

iven a short questionnaire. Owners needed to confirm that their
ogs matched several selection criteria. All dogs needed to be highly
otivated by the opportunity to interact with the experimenters.

dditionally, they needed to be highly motivated by food rein-
orcers. Finally, the owners had to be willing to deprive the dog
f food for at least 4 h prior to participating.

After owners affirmed that their dogs met the qualifications,
lans were made to test the dog at a location familiar to them. The
xperimenters found that some dogs (N = 13) did not meet the qual-
fications. Some dogs were frightened (avoided the experimenters
nd/or the apparatus) and others were disinterested in food rein-
orcers (they did not immediately consume food offered by the
xperimenter). If the opinions of the owner and the experimenters
ere in conflict, the dog was not included in the experiment. Of

he dogs that participated in the experiment 25 came from breeds
lassified by the American Kennel Club as herding dogs (14 Bel-
ian Tervuren, 4 Australian Shepherds, 4 border collies, 2 German
hepherds and a Belgian Sheepdog), 2 were sporting dogs (a Por-
uguese water dog, and a Labrador retriever), 2 were non-sporting
ogs (2 poodles) one was a hound dog (Rhodesian Ridgeback), 10
ere working dogs (Akitas), one was a terrier (Parson Russell ter-

ier) one was a toy dog (Yorkshire terrier) and 12 were of mixed
reeding. All of these dogs had been trained to sit and to walk next
o their owners on command.

.2. Apparatus

The apparatus consisted of a plywood panel (94 cm
igh × 124 cm wide × 1.27 cm thick) that was attached by hinges on
oth sides to two additional panels of wood (94 cm high × 63.5 cm
ide × 1.27 cm thick). Both the panel attached to the right and left

f the central panel could be moved so that the apparatus was
upported in an upright position (see Fig. 1). All three panels were
ainted flat black. A square hole (35.5 cm high × 30.5 cm wide)
as cut out of the center of the middle panel. A drawer slide (KV
odel 1129) was attached to the central panel above the square

ole. An aluminum screen (35.5 cm high × 30.5 cm wide × 1.27 cm
hick) was mounted to the drawer slide such that it covered the
ole completely and could be moved an equal distance (16.5 cm)
o the left or right of the hole. A picture of the apparatus appears
n Fig. 1. Transparent fishing line (5.5 kg test, 0.3 mm diameter)
as attached to each side of the screen to allow the screen to be
oved by the experimenter in either direction without approach-

ng the screen. Reinforcement was provided in a bowl (15 cm
iameter and 7 cm deep). For dogs the reinforcement consisted
f Pet Botanics® semi-moist Chicken & Brown Rice dinner dog
ood that was cut into portions of approximately 2 g. The human
emonstrator was reinforced with a Dorito® from a separate
lue bowl.
.3. Procedure

.3.1. Demonstrator training
A single dog (48 month old female Belgian sheepdog) was

rained to serve as the demonstrator. She was familiar (had pre-

a
d
r
d
t

ig. 1. (a) Apparatus with dog at the start of a test trial. (b) Apparatus as dog is
tarting to make a screen-push response.

iously interacted) with half of the observers. The demonstrator
as shaped to push the screen with its muzzle left and right by

ewarding successive approximations. The discriminative cue (that
erved to indicate which direction to push the screen) was a sin-
le finger point to one side of the screen from the experimenter
ocated behind the apparatus. The cue was given before demonstra-
ion trials were initiated. The demonstrator sitting in front of the
creen was able to notice this subtle cue despite the fact that it was
iven from behind the screen (but the cue could not be seen by the
bserver that sat to the side). The demonstrator was also trained
o sit and wait for the screen to move left or right. A successful
creen-push response was defined as a push that moved the screen
ar enough for the dog to insert its head into the opening in the cen-
er of the middle panel. Each successful response was rewarded by
he experimenter who knelt behind the screen. The experimenter

oved the bowl (that contained a piece of food) within the reach
f the dog and offered verbal praise.

In the human demonstrator condition, one of the experimenters
a 25-yr-old female) served as the demonstrator. She was famil-
ar with three of the dogs. The demonstrator crouched several feet
n front of the screen and waited until the experimenter gave the
elease signal. The demonstrator then moved forward and pushed
he screen with her hand. The experimenter moved the bowl (which
ontained a Dorito®) within the demonstrators reach and offered
erbal praise. The demonstrator consumed the reinforcer. Every
ttempt was made to make the demonstration given by the human

emonstrator as similar to that of the dog demonstrator, and the
einforcement given to the demonstrator similar to that given to the
og demonstrator. All demonstration trials were conducted prior to
esting.
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On the first test trial, 9 of the 12 dogs in the human imitation
group pushed the screen in the same direction that they saw the
screen-push demonstrated (75%), a number that was marginally
different from chance according to a binomial test, p = .073. When
pooled over the 6 test trials the percentage of matching screen
12 H.C. Miller et al. / Behaviou

.3.2. Odor control
Odor cues were controlled in several ways. First, the dog demon-

trator’s saliva and the observer’s saliva were applied to both sides
f the screen before each demonstration. This was accomplished
y having the experimenter rub her hands along the dog’s head
nd muzzle and then rubbing both sides of the screen with her
ands. To further control for odor cues, the side to which the
creen was pushed alternated between observers. Thus, if one dog
bserved the screen move left, the next dog observed it move to
he right.

.3.3. Observer training
Observers were initially given a treat by the experimenter

ho was standing behind the apparatus. This experimenter
eached over the apparatus so that the dog could obtain the
reat without interacting with the screen. This was intended to
emonstrate to the observer that food rewards were available
rom the experimenter who was located behind the apparatus and
o familiarize the observer with the apparatus and the experi-

enter.
In the dog imitation group, observers observed the conspe-

ific demonstrator successfully push the screen in one direction to
btain a food reinforcer. In the social-facilitation/emulation group,
he experimenter sitting behind the screen moved the screen in
ne direction by pulling on the fishing line that was attached to
ither side of the screen. Thus, the observers observed the screen
ove (apparently by itself) while the conspecific demonstrator

at and waited. Once the screen had moved, the demonstrator
pproached the opening in the panel and received reinforcement. In
he human imitation group, observers observed a human demon-
trator push the screen in one direction to obtain a food reinforcer.
n the emulation group, the experimenter sitting behind the screen

oved the screen in one direction by pulling on the fishing line
hat was attached to either side of the screen. Thus, the observers
bserved the screen move (apparently by itself) without a con-
pecific present. After the screen moved, the experimenter offered
erbal praise and displayed the bowl at the opening.

Observers were randomly assigned to the four groups. The sam-
le size was equal for all of the groups (N = 12), except the emulation
roup (N = 18). An equal number of dogs observed the screen move
o the left or the right in each group. Observers were placed at a 45◦

ngle to the center panel and at a distance of about 90 cm from the
creen. Half of the dogs observed the first 6 demonstration trials
rom a position to the right of the screen and the last 6 demonstra-
ion trials from a position to the left of the screen. The remaining
ogs experienced the opposite order. Each session consisted of 12
bservation trials.

.3.4. Testing
After completing the 12 demonstration trials, the demonstra-

or was removed (if present) and the observer was placed about
.25 m from the front of the apparatus. The owner stood directly
ehind the observer and held onto to the dog by a leash. The owner
as then told to look directly ahead, avoid eye contact with the
og, to avoid looking at the screen, and to remain silent. This was
one to avoid having the owner provide any inadvertent cues as to
he direction the screen should be pushed. The experimenter then
rranged a release signal such as “Okay!” with the owner. Upon giv-

ng the release signal, the owner allowed the dog to approach the
pparatus by releasing the tension on the leash that she held or by
ropping it. Once the observer pushed the screen in either direc-
ion, the dog was rewarded with food from the bowl and was given
erbal praise. Each observer dog received 6 test trials. If an observer
id not push the screen within 120 s the session was terminated.

F
o

cesses 80 (2009) 109–114

.3.5. Data analyses
Data from each group was compared to chance on the first trial

sing a two-tailed binomial test and pooled over the 6 test trials
sing a two-tailed t test. Between group comparisons were made
n the first trial data using a �2 test and pooled over the 6 test trials
sing a two-tailed t test.

. Results

All observers pushed the screen at least once during testing.
ost of the dogs (47 out of 54) pushed the screen on all 6 test trials:

ll of the observers in the social-facilitation/emulation group, 11 of
he 12 observers in the dog imitation group, 8 of the 12 observers
n the human imitation group, and 16 of the 18 observers in the
mulation group. Thus, each observer dog received a proportion
core consisting of the number of pushes that matched the direction
emonstrated, divided by the number of total responses made.

.1. Dog imitation group

On the first test trial, 11 of the 12 dogs in the dog imitation group
ushed the screen in the same direction that they saw the screen-
ush demonstrated (92%), a number that was statistically different
rom chance according to a binomial test, p = .003. Results from the
rst test trial for the dogs in each group appear in Fig. 2. When
ooled over the 6 test trials the percentage of matching screen
ushes was 77.1%, a percentage that was also significantly differ-
nt from chance, t = 2.69, p = .02. Results pooled over all 6 test trials
or the dogs in each group appear in Fig. 3.

.2. Social-facilitation/emulation group

On the first test trial, 6 of the 12 dogs in the social-
acilitation/emulation group pushed the screen in the same
irection that they saw the screen-push demonstrated (50%). When
ooled over the 6 test trials the percentage of matching screen
ushes was also 50%.

.3. Human imitation group
ig. 2. Percentage of dogs in each group that made a matching screen-push response
n the first test trial.
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ig. 3. Percentage of matching screen-push responses pooled over the 6 test trials
error bars = ±SEM) for dogs in each group.

ushes was 68.1%, a percentage that was not significantly different
rom chance, t = 1.46, p = .17.

.4. Emulation group

On the first test trial, most of the dogs in the emulation group
12 of 18) pushed the screen in the same direction that they saw the
creen-push demonstrated (67%). Although this difference was not
ignificantly different from chance, as indicated by a binomial test,
= .12, when pooled over the 6 test trials, the percentage of match-

ng screen pushes was 68.5%, a percentage that was significantly
ifferent from chance, t = 2.10, p = .05.

.5. Imitation

To test for imitation of a conspecific, we compared the per-
ormance of observers in the dog imitation group to that of
bservers in the social-facilitation/emulation group. A �2 (non-
arametric) test was used to compare correspondence of the first
esponse by each observer with the direction of the demonstra-
ion. Observers in the dog imitation group pushed the screen in
he direction demonstrated on the first trial more often (11 of
2) than the dogs in the social-facilitation/emulation group (6 of
2), �2 = 5.04, p < .05. When performance pooled over the 6 test
rials was compared using an independent sample t test, the differ-
nce in performance approached statistical significance t(22) = 1.77,
= .09. As performance by the dog imitation group was significantly
bove chance and performance by the social-facilitation/emulation
roup was exactly at chance, the results of this group compari-
on can be attributed to the high variability in the performance
f the social-facilitation/emulation group (SD = ±44.4%; eight of
he dogs always pushed the screen in one direction, four in the
ame directions as that observed, four in the opposite direc-
ion).

To test for imitation of a human, we compared the performance
f observers in the human imitation group to that of observers

2
n the emulation group. A � analysis performed on the first trial
cores for dogs in the human imitation group (8 of 10) and in the
mulation group (12 of 18) indicated that the difference between
roups was not statistically significant, �2 < 1. Furthermore, perfor-
ance pooled over the 6 test trials for the human imitation group

73.3%) and the emulation group (68.5%) did not differ significantly,
(28) < 1.

a
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.6. Familiarity

Familiarity with the demonstrator did not significantly affect
he performance of dogs in the imitation conditions. The six dogs
hat were familiar to the dog demonstrator matched the direction
emonstrated (87.5%) more than the six dogs that were unfamil-

ar (66.7%), but not significantly so, t(10) = 1.18, p = .26. The three
ogs that were familiar to the human demonstrator were equally

ikely to match the direction demonstrated as the nine dogs that
ere unfamiliar to the demonstrator, t(10) < 1 (66.7% and 68.1%,

espectively).

. Discussion

Observers in the dog imitation condition were more likely to
atch their first response by pushing in the direction demonstrated

han observers in the social-facilitation/emulation control condi-
ion. Thus, there is evidence for imitation of the screen push by
hese dogs.

The results of the human imitation group are a bit more diffi-
ult to interpret. The performance of this group was similar to the
erformance of the dog imitation group and even more similar to
he performance of the emulation group. However, because of the
ariability of performance by dogs in this group, the imitation effect
as not statistically reliable.

On the other hand, the results suggest that dogs are able to learn
rom emulating the direction in which the screen moved. That is,
n the absence of a human model or the mere presence of another
og, observers appear to match the direction that they observe the
creen move. This result is important in its own right because the
echanism responsible for emulation is not obvious.
Some have proposed that emulation might result from a Pavlo-

ian association between the direction that the screen moves (e.g.,
screen moving right) and food. Such an association has sometimes
een referred to as observational conditioning (see Zentall, 1996).
uch an explanation might account for a preference for a right-
oving screen (the stimulus associated with the sight of food which

hould be a conditioned reinforcer), but it does not explain how the
bserver understands that it should move the screen to the right.

The present results parallel the results of a similar bidirec-
ional control experiment with pigeons (Klein and Zentall, 2003).
lein and Zentall found that pigeons that observed the screen
ush by a pigeon demonstrator tended to push the screen in the
irection they observed it pushed, whereas pigeons in a social-

acilitation/emulation group did not. They also found that pigeons
n a pure emulation group tended to push the screen in the direction
hat they observed it move.

The results of the present experiment add to the growing liter-
ture on the cognitive abilities of dogs (see e.g., Udell and Wynne,
008). Not only can dogs learn to imitate on command—to “do as I
o” (Topál et al., 2006), and appear to “understand” when a demon-
trator dog must use its paw to operate a lever because its mouth
s occupied, rather than chooses to use its paw because its mouth
s free (Range et al., 2007), but they also can match the direction
f a demonstrated screen push. Given the abundance of dogs that
ive with humans and the various tasks that they have been trained
o perform, it is surprising that they have not been the subject of
early as much experimentation as the more favored experimental
nimals, rats and pigeons.
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