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Recent research suggests that 9-month-old infants tested in a modified version of the A-
not-B search task covertly imitate actions performed by the experimenter. The current
study examines whether infants also simulate actions performed by mechanical devices,
and whether this varies with whether or not they have been familiarized with the devices
and their function. In Experiment 1, infants observed hiding and retrieving actions per-
formed by a pair of mechanical claws on the A-trials, and then searched for the hidden
toy on the B-trial. In Experiment 2, infants were first familiarized with the experimenter
and the claws but not their function. In Experiment 3, infants were familiarized with the
function of the claws. The results revealed that search errors were at chance levels in
Experiments 1 and 2, but a significant proportion of the infants showed the A-not-B error
in Experiment 3. These results suggest that 9-month-old infants are less likely to simulate
observed actions performed by mechanical devices than by human agents, unless they are
familiarized with the function of the devices so that their actions are perceived as goal-

directed.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The perception and representation of others’ actions is
crucial for understanding our social world. During every-
day social exchanges we are able to effortlessly understand
others’ actions, implicitly know their intentions and de-
sires, and automatically shape responses to these behav-
iors. Recent evidence suggests that infants begin to
understand at least the goal-directed nature of actions by
the second half of the first year, and perhaps even earlier
(e.g., Csibra, Gergely, Bird, Kobs, & Brockbank, 1999; Kiraly,
Jovanovic, Prinz, Aschersleben, & Gergely, 2003; Luo, 2011;
Luo & Baillargeon, 2005; Woodward, 1998, 1999;
Woodward & Sommerville, 2000).

Many social neuroscientists suggest that there are neu-
ral mechanisms specialized for understanding and
responding to observed actions (Decety & Sommerville,
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2004; Frith & Frith, 2006; Grézes, Frith, & Passingham,
2004; Saxe, Xiao, Kovacs, Perrett, & Kanwisher, 2004).
These specialized mechanisms may help explain infants’
precocious ability to understand others’ actions. One unre-
solved issue, however, is whether the mechanisms in-
volved with interpreting actions are reserved specifically
for human actions or are applicable to a wider range of
events. Press, Bird, Flach, and Heyes (2005) suggest that
because humans have mental states and machines,
mechanical devices, and other inanimate objects do not,
a cognitive mechanism that responds specifically to human
actions may be invaluable for inferring others’ thoughts
and discriminating animate from inanimate beings. Some
researchers have suggested this is a crucial building block
of social-cognitive development (Barrett, Todd, Miller, &
Blythe, 2005; Rakison & Poulin-Dubois, 2001; Woodward,
Sommerville, & Guajardo, 2001).

Several studies report evidence suggesting that infants’
understanding of human actions does not extend to non-
human agents. Woodward (1998), for instance, habituated
infants to an experimenter reaching for one of two objects
on a stage, then switched the objects’ locations and
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measured looking times to the experimenter reaching for
the original goal-directed object in its new location versus
the other object in the previous location. Six-month old in-
fants dishabituated to the agent reaching for the new ob-
ject in the old location, but not to the old object in the
new location. When a rod or mechanical claw was substi-
tuted for the experimenter, infants did not show differen-
tial looking to the two events. These results suggest that
infants understand the actions of another person as goal
directed, but do not understand the actions of an inani-
mate agent as goal directed. Similarly, Daum and Gre-
debdck (2011) found that infants are sensitive to the
direction indicated by a hand grasp action by 7-months
of age, but are not sensitive to the direction of a grasping
claw device. Legerstee and Markova (2008) and Meltzoff
(1995) reported that 10- and 18-month-old infants imitate
the goal-directed intentions of a human actor, but they do
not imitate analogous actions performed by a mechanical
device. Likewise, a few studies demonstrate that adults
do not respond the same way to actions modeled by
non-human agents, such as robots or mechanical devices,
as they do to actions performed by a human agent (Kilner,
Paulignan, & Blakemore, 2003; Press et al., 2005; Tsai &
Brass, 2007).

By contrast, a number of studies demonstrate that by
5-months of age infants use self-propulsion cues (Luo,
Kaufman, & Baillargeon, 2009), and by 12-months use ra-
tional path selection cues (Csibra, 2008; Gergely, Nadasdy,
Csibra, & Bir6, 1995) and a history of goal attainment
(Kuhlmeier, Wynn, & Bloom, 2003) to guide their under-
standing of the actions of simple two-dimensional geomet-
ric shapes. For example, Luo (2011) and Bir6é and Leslie
(2007) showed, in adaptations of the Woodward (1998)
paradigm, that at 3-months and 6-months, respectively, in-
fants are sensitive to the goal-directed actions exhibited by
a non-human agent if a sufficient set of animacy cues are
present (e.g., self-propulsion, action variation with equifi-
nality, and causal action-effect relations). Using the same
paradigm, Hofer, Hauf, and Aschersleben (2005) reported
that 9-month-old infants are sensitive to goal-directed ac-
tions executed by mechanical claws after a brief familiar-
ization period where they were shown how the claws are
operated by a human experimenter. These findings con-
verge with those from adults who interpret the actions of
moving geometric shapes as animate if their behavior in-
volves certain sorts of motion, such as pursuit, avoidance,
and goal-directedness (Gao, Newman, & Scholl, 2009;
Heider & Simmel, 1944; Scholl & Tremoulet, 2000; Tremo-
ulet & Feldman, 2000).

Currently, there is no clear consensus in the literature.
Some researchers suggest that infants’ understanding of
others’ actions and attributions of their intentions is spe-
cialized for the observation of human actions, while others
suggest extension to non-human agents. There are, how-
ever, notable differences between the reported studies.
Specifically, researchers who have reported that infants’
understanding of actions extends to non-human agents
have tended to provide infants with additional experience
observing the agents act. For instance, it was only after in-
fants had visual experience of a wooden rod moving freely
(i.e., through self-propulsion), reaching for an object from

multiple angles of approach, and lifting an object from a
surface numerous times, that Bir6 and Leslie (2007) were
able to demonstrate that 6-month old infants are sensitive
to the intentions of a non-human agent. Three-month old
infants tested by Luo (2011) required similar “rich behav-
ioral information” (p. 459). Accordingly, a key question in
examining infants’ understanding of the actions of human
and non-human agents becomes, to what degree is previ-
ous visual experience necessary? In order to address this
issue, the current experiments were conducted with
mechanical devices, while varying the amount and form
of previous experience infants had with the devices.

Our perspective on this issue is informed by the direct-
matching hypothesis (Rizzolatti & Craighero, 2004;
Rizzolatti, Fogassi, & Gallese, 2001), which suggests that
observed actions are mapped directly onto our motor rep-
resentation of the same action; an action and its effects are
understood when its observation leads to simulation by
the motor system (i.e., representing the actions of others
through covert imitation). This hypothesis is a descendant
of James’s (1890) and Greenwald’s (1970) ideomotor theo-
ries and Prinz’s (1997) common coding theory. Interest in
this approach heightened with the discovery of mirror
neurons in primates, which discharge when a monkey
either performs an action or observes another perform that
action (Rizzolatti et al., 2001). Recent electrophysiological
(Fadiga, Fogassi, Pavesi, & Rizzolatti, 1995), neuroimaging
(Decety et al., 1997), and behavioral (Bertenthal, Longo, &
Kosobud, 2006; Brass, Bekkering, Wohlschldger, & Prinz,
2000) studies support the suggestion that a homologous
mirror neuron system is functional in humans.

Several studies provide preliminary evidence that in-
fants may be using motor representations to interpret oth-
ers’ actions in the form of correspondence between how
they interpret others’ actions and the actions they perform
themselves. Sommerville, Woodward, and Needham
(2005), for instance, reported that 3-month-old infants
provided with active experience performing a target action
understand a similar observed action as goal directed,
whereas infants not given the motor experience do not.
Similarly, Daum, Prinz, and Aschersleben (2011) found that
the actions 6-month old infants are able to perform covar-
ies with how they interpret others’ performance of those
actions; specifically, infants who are able to perform a
more advanced thumb-opposite grasp are better able to
differentiate another person performing a palmar from a
thumb-opposite grasp. Sommerville, Hildebrand, and
Crane (2008) found that 10-month old infants’ previous ac-
tive experience using a tool to retrieve out of reach objects
increased their subsequent understanding of a person
using the tool to perform a goal-directed action. Lastly,
Sommerville and Woodward (2005) found that 10-
month-old infants’ ability to solve a means-ends task is
predictive of their understanding of another person per-
forming a similar task. Thus, these findings show that in-
fants’ understanding of goal-directed actions is facilitated
by their own motor experience, sometimes limited to just
a few minutes before testing.

As a complement to the preceding studies showing how
motor experience facilitates action understanding, Longo
and Bertenthal (2006) presented evidence that the actions
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infants observe influence the actions they themselves
perform. Infants were tested with a modified version of
Piaget’s A-not-B task. In the canonical version of this task,
infants see an object hidden at an initial location (A), and
then search for it. After repeated search trials at A, the
experimenter, in plain sight of the infant, hides the object
in a second location (B), and allows the infant to search
for it. Between 8 and 12 months, infants continue searching
at A rather than at B. This A-not-B error is one of the most
replicable findings in developmental psychology
(Marcovitch & Zelazo, 1999; Wellman, Cross, & Bartsch,
1986). Whereas Piaget (1937/1954) suggested that this is
due to infants’ fragile object understanding, other accounts
emphasize the role of working memory constraints, inhibi-
tory control deficits, or incorrect spatial coding of the hid-
den object (Bremner & Bryant, 1977; Cummings & Bjork,
1983; Diamond, 1985). More recent evidence suggests that
repeated reaching to A establishes a response bias or motor
memory that results in perseverative reaching to the same
location (Diamond, 1990; Diedrich, Thelen, Smith, &
Corbetta, 2000; Smith, Thelen, Titzer, & McLin, 1999;
Thelen, Schoner, Scheier, & Smith, 2001; Zelazo, Reznick,
& Spinazzola, 1998). This interpretation has been formal-
ized with Dynamic Field Theory modeling (DFT; Clearfield,
Dineva, Smith, Diedrich, & Thelen, 2009; Spencer, Dineva, &
Smith, 2009) showing that the history of reaches to the
A-location results in an association of sufficiently strong
net activation with that location that the infant returns
there, despite an initial activation to reach to the B-location
on the B-trial.

Longo and Bertenthal (2006) exploited this persevera-
tive reach finding to test if 9-month-old infants interpret
others’ actions through covert imitation. In their version
of this task, one group of infants was administered the
canonical test, and one group was administered an obser-
vation only test, where they observed the experimenter
repeatedly hide and find the object on the A-trials, and
then were given the opportunity to search only on the
B-trial. The results revealed that infants showed the
A-not-B error not only after searching at the A-location,
but also after repeatedly observing the experimenter
search at that location. Interestingly, in this passive obser-
vation condition, the search error occurred only if the
experimenter modeled an ipsilateral as opposed to a con-
tralateral reach. Longo and Bertenthal (2006) attributed
this result to infants’ tendency to reach primarily with
their ipsilateral hand at this age (Bruner, 1969; van Hof,
van der Kamp, & Savelsbergh, 2002), which suggests their
motor representation for a contralateral reach was not as
well developed, and thus was less likely to be simulated.
Taken together, these findings suggest that infants covertly
imitate the experimenter’s actions on the A trials, which
biases them to search at the same location on the B trial.
Moreover, these findings rule out a purely attentional ac-
count for the A-not-B error, because infants were as likely
to attend to the A-location during contralateral as during
ipsilateral reaches.

In this study, we test whether the covert imitation of
others’ actions extends to the observation of actions per-
formed by mechanical devices, using the modified version
of the A-not-B paradigm of Longo and Bertenthal (2006). If

infants do not make the A-not-B error after observing the
mechanical devices repeatedly hide and retrieve an object,
then this would suggest that covert imitation is limited to
human actions. Several previous studies (e.g., Bird & Leslie,
2007; Hofer et al., 2005), however, suggest that some brief
motor and/or visual experience with a mechanical device is
sufficient to improve infants’ understanding of the goal-
directed nature of actions performed by the device. If
infants’ covert imitation of nonhuman actions is also mod-
ulated by experience, then the likelihood of it occurring
should covary with infants’ familiarity with the device.

These two issues were addressed in three experiments
conducted with 9-month-old infants who observed an ob-
ject hidden and retrieved by a pair of mechanical claws. In
Experiment 1, the claws were unfamiliar and the experi-
menter was not visible. Prior to testing infants in Experi-
ment 2, infants were familiarized with the experimenter
without the claws or were familiarized with the experi-
menter and the claws but did not see how the claws were
operated. In Experiment 3, infants were familiarized with
the experimenter and observed him operate the claws to
reach for a set of objects. If infants are not capable of cov-
ertly imitating the actions of the mechanical claws, then a
significant percentage of infants showing search errors is
not expected in any of the experiments. If, however, infants
are capable of covertly imitating the actions of the
mechanical claws once they are sufficiently familiarized
with them, then they are expected to show the search error
in Experiments 2 and/or 3, depending on the type of famil-
iarization required.

2. Experiment 1

This experiment tests whether infants search correctly
or incorrectly in the observational version of the A-not-B
task when a pair of mechanical claws is substituted for a
human experimenter. In essence, this is a direct replication
of the experiment conducted by Longo and Bertenthal
(2006) except that the infants observe a pair of mechanical
claws hiding and finding the object and the experimenter
is not visible.

2.1. Method

2.1.1. Participants

Thirty-nine-month-old infants participated (M=271-
days, SD = 13-days; 17 females, 13 males). An additional
eight infants were tested, but were excluded due to fussi-
ness (1), unintentional revealing of the toy (4),' refusal to
search (2), or experimenter error (1).

2.1.2. Materials

The apparatus consisted of a brown cardboard box top
(41 x 32 x 4.3 cm) with two cylindrical wells (12 cm diam-
eter) set into it (12.7 cm apart). A similar apparatus with a
single well in the center of a box top was used for training

! The hidden toy was revealed under the lid without an infant
intentionally searching for it. If, for instance, an infant lifted the front end
of the apparatus, both of the well lids might be displaced, or if an infant
banged on the boxtop, the toy might begin to rattle.
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trials. Cylindrical lids with spherical wooden knobs (3.5 cm
diameter) were used to cover the wells. The apparatus was
presented on a table with a foam board wall at the back to
occlude the experimenter and a curtain hung 45 cm above
the table surface to block the infant’s view of the experi-
menter’s hands and arms operating the claws. The experi-
ment was conducted with a pair of 80 cm mechanical
claws that could grab objects with two suction cupped pin-
cer digits (see Fig. 1). A toy that produced a rattle noise when
shaken was used on the test trials, and another toy was used
during the training trials. The session was filmed from a dig-
ital video camera located away from the table and to the in-
fant’s side, resulting in a full view of the infant and the hiding
apparatus.

2.1.3. Procedure

Infants were seated on their caregiver’s lap in front of
the stage. Four training trials were administered with the
single well apparatus, using the procedure of Longo and
Bertenthal (2006) and Smith et al. (1999). On the first
training trial, the toy and lid were each grasped with one
of the mechanical claws and placed on top of the box on
either side of the well. The apparatus was slid forward,
and the infant was allowed to grasp the toy and/or lid.
The sliding of the box forward after placement with the
claws was repeated on all subsequent training trials. On
the second training trial, the toy was placed in the well
and the lid was placed adjacent to the well. On the third
trial, the toy was placed in the well and was partially cov-
ered with the lid. On the final trial, the toy was placed in
the well and was completely covered by the lid. No infant
failed to remove the lid and grasp the toy on the final train-
ing trial. The experimenter then removed the single well
apparatus, replaced it with the two-well apparatus, and
administered the hiding and search trials.

During the test phase, the experimenter extended the
claws from behind the curtain, which then grasped the
toy and rattled it to draw the infant’s attention, placed it
between the wells, retracted the claws behind the curtain,
and waited 3-s. Next, the experimenter extended the claws
and again grasped the toy with one claw, rattled it,

Fig. 1. Example of an infant observing the mechanical claws grasp the toy
(Experiment 1).

removed the A-well lid with the other claw, placed the
toy in the A-well and covered it with the lid, retracted
the claws, waited 3-s, then retrieved the toy and placed
it between the wells. This hiding and search procedure
was repeated six times. Finally, the experimenter hid the
toy in the B-location, retracted the claws and waited 3-s,
then slid the apparatus forward using the claws and al-
lowed the infant to search. The experimenter consistently
grasped the toy with the claw operated by his right hand
and grasped the lid with the claw operated by his left hand,
but the position of the A-location was counterbalanced
across infants.

2.1.4. Coding

Each infant’s manual search behavior during the B-trial
was coded as correct or incorrect from the video of the
session. In addition, although infants could not reach far
enough to contact the box top containing the hidden toy
on the A-trials, they were not prevented from trying. In or-
der to ensure that any attempts to reach for the hidden toy
on the A-trials did not bias infants’ performance on the B-
trial, we coded each infant’s number of attempts to reach
on the A-trials. We also coded looking times to the A- and
B-locations frame-by-frame (specifically coding looking to
the A- and B-locations on the apparatus, either with the lid
covering the well or while the lid was being held and the
toy was being placed in the well) during the A-trials, during
the 3-s delay immediately after the toy was hidden at the B-
location, and following the movement of the box to within
reach of the infant.? Looking times were independently coded
by two observers, and 21% of the trials were coded by both
observers to establish inter-rater reliability, r =.97, p <.001.

2.2. Results and discussion

The coding of infants’ searches on the B-trial revealed
that only 12 of the 30 infants (40%) searched incorrectly
at the A-location when the toy was hidden at B (see
Fig. 2). By contrast, Longo and Bertenthal (2006) reported
that a significant majority of infants (70%) committed the
search error after observing an experimenter manually
hide and retrieve an object. Reaches toward A during the
A-trials were quite infrequent (M = .83 reaches across the
six A-trials, SD=1.17), and a comparison of infants who
searched correctly vs. incorrectly revealed no difference
in the number of times infants reached toward the A-loca-
tion during the A-trials, t((27) = 1.64, p = .11. In fact, infants
who searched correctly on the B-trial reached toward the
A-location more frequently (M = 1.1 reaches, SD = 1.4) than
those who made the A-not-B error (M = .42, SD = .67).

Table 1 summarizes the looking time results. During the
A-trials, infants who searched correctly on the B-trial
looked at the A-location less than those who committed
the A-not-B error, but this was only a marginally signifi-
cant difference, t(27) = —1.82, p =.08. Infants did not look
at the B-location much during the A-trials, and there was
no difference between those who searched correctly and

2 The video record for one of the infants who searched correctly was lost,
and therefore reaches and looking times could not be calculated for this
infant.
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Fig. 2. The number of infants who searched correctly at the B-location or searched incorrectly at the A-location in each experiment.

those who committed the A-not-B error, £(27)=1.25,
p =.22. During the 3-s delay immediately after the object
was hidden at the B-location, infants who searched cor-
rectly and those who committed the A-not-B error did
not differ in how long they looked at either the B-location
or A-location, t(27)=.76, p = .45 and t(27) = —1.08, p = .29,
respectively. This comparison confirms that infants who
committed the search error did not do so because they
had not been attending to B during the delay. By contrast,
there was a significant difference in infants’ visual
attention during the search phase. Infants who searched
correctly spent more time looking toward the B-location
than infants who committed the A-not-B error,
t(27)=3.73, p=.001, and conversely, spent less time
looking toward the A-location, t(27) = —2.69, p =.01.

Taken together, these results converge to show that
infants did not search nor attend consistently to either the
A- or the B-location on the test trial. Infants’ visual atten-
tion on the A-trials showed a trend toward biasing their
search on the B trial, but this result was nonsignificant
and not replicated in either of the two subsequent experi-
ments. Lastly, infants’ visual attention during the B-trial
simply confirmed that they looked in the direction that
they searched during this phase of the experiment. These
findings are thus consistent with previous studies showing
that infants are not as sensitive to goal-directed actions
executed by mechanical devices as those performed by hu-
man agents (Hofer et al., 2005; Woodward, 1998), and tend
not to imitate mechanical device actions (Legerstee &
Markova, 2008; Meltzoff, 1995).

Table 1
Infants’ visual attention toward the A- and B-locations as a function of
correct vs. incorrect (A-not-B error) search on the B test trial (in sec).

Experiment  Search A-trials 3-s Delay Search
A B A B A B
1 Correct 322 16 03 1.5 22 57
Incorrect  38.1 0.9 0.4 1.2 5.1 1.2
2 Correct 382 1.7 02 1.5 05 36
Incorrect  35.9 1.7 0.2 13 3.7 0.2
3 Correct 32.2 1.7 0.3 1.1 0.8 3.9
Incorrect  34.1 1.7 02 2.0 34 1.0

Although these results are consistent with the sugges-
tion that infants understand human and mechanical agents
differently, there is an alternative interpretation. In the
current experiment, the mechanical claws were unfamiliar
to the infants and certainly had little resemblance to the
hands and arms of a person. Given this unfamiliarity, in-
fants may have been, on the one hand, more interested in
the claws than the hiding of the toy, or, on the other hand,
they may have simply been somewhat uncomfortable with
the entire test procedure and possibly wary of this unfa-
miliar mechanical device hiding and searching for the toy
(see Hofer et al., 2005). As such, they may have devoted
insufficient attention to where the toy was hidden, and this
would explain their random search performance on the
B-trials. The next experiment addresses these issues by
including a familiarization phase designed to make infants
more comfortable with the experimental situation and
familiar with the mechanical claws.

3. Experiment 2

At the beginning of this experiment, infants were famil-
iarized with the testing situation in one of two ways: (1)
They were familiarized with the experimenter but not
the mechanical claws, or (2) they were familiarized with
the experimenter and the mechanical claws, but were not
shown how the claws could be used by a person to assist
in reaching for objects. Also, infants could see the experi-
menter’s hands operating the claws during the training
and search trials. Conceivably, the visibility of the hands
might reduce the ‘strangeness’ of the claws by suggesting
that they function as a tool controlled by a human agent.

3.1. Method

3.1.1. Participants

Thirty-nine-month-old infants participated (M = 279-days,
SD = 12-days; 13 females, 17 males). An additional five in-
fants were tested, but were excluded due to fussiness (2),
looking away during the B hiding event (1), simultaneous
search at both locations (1), or experimenter error (1).
Fifteen infants were assigned to a no claws-familiarization
condition and 15 infants were assigned to a claws-familiar-
ization condition.
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Fig. 3. Example of an infant observing the mechanical claws grasp the toy
with the experimenter’s hands visible to the infant (Experiments 2 and 3).

3.1.2. Materials

The materials from the previous study were used. The
curtain, however, was raised from 45 cm to 90 cm above
the apparatus, providing an opening such that infants
could see the experimenter’s hands operating the claws
(see Fig. 3). Infants could not see the experimenter’s arms,
torso, or face. An additional seven toys were used during
the familiarization phase.

3.1.3. Procedure

This experiment began with a familiarization phase. In-
fants, their caregiver, and the experimenter sat on the floor
around a collection of seven toys. In the no claw-familiar-
ization condition, the experimenter interacted with the in-
fant, grasped each of the toys in a fixed sequence, held each
up and looked at it, and played with each using his hands
(e.g., rolling two wheeled toys, squeezing a plastic squea-
ker toy, rattling a rattle). In the claws-familiarization con-
dition, the two mechanical claws were scattered among
the toys and, in essence, the experimenter handled them
and the toys alike, but did not operate the claws (e.g., the
claws were grasped by the shaft, held and looked at, and
shaken as the toy rattle was). This phase lasted for approx-
imately 2 min. Afterwards, the caregiver lifted and held the
infant on his or her lap in front of the stage. The experi-
menter went behind the back wall attached to the table
so that he was no longer visible, and then began to admin-
ister the training and experimental trials, which proceeded
exactly as in the previous experiment.

3.1.4. Coding

As in Experiment 1, we coded infants’ correct and incor-
rect searches, how many times they reached toward the
A-location during the A-trials, and infants’ looking times
to the A- and B-locations during each phase of the experi-
ment. In addition, we coded infants’ looking times to the
experimenter’s hands operating the mechanical claws dur-
ing the A-trials. Looking times were coded by one of two
observers, and 33% of the trials were coded by both observ-
ers to establish that the coding was reliable, r=.99,
p <.001.

3.2. Results and discussion

Seven of the 15 infants in the no claw-familiarization
group (46.7%) and seven of the 15 infants in the claws-
familiarization group (46.7%) made the A-not-B error (see
Fig. 2). Combining the results from the two groups and
comparing against the A-not-B error rate of Experiment 1
reveals no significant difference, (1, 60)=.07, p=.79.

Active reaches during the A-trials were again infrequent
(M =.50 reaches across the six A-trials, SD =1.00), and
there was no difference in frequency of reaching between
infants who searched correctly at the B-location (M = .25,
SD=.77) and those who searched at the A-location
(M =.78 reaches, SD =1.2), t(28)=1.48, p=.15. As in the
previous experiment, the likelihood of searching at the A-
location on the B-trial was not related to the minimal
reaching that occurred on the A-trials.

There were no looking time differences between the no
claw-familiarization group and the claw-familiarization
group either during the A-trials [t(28) = —.03, p = .98, look-
ing toward A; t(28) = .90, p = .38, looking toward B], imme-
diately after the object was hidden in the B-location
[t(28)=1.22, p=.23, looking toward A; t(28)=.89, p =.38,
looking toward B], or during the search phase [t(28)=.98,
p =.33, looking toward A; t(28)=.07, p =.94, looking to-
ward B], and therefore we collapse across these groups
for further comparisons.

A comparison of the looking times indicates that there
was no difference between infants who searched correctly
and those who made the A-not-B error when looking at
either the A-location or B-location during the A-trials,
t(28)=.82, p=.42 and t(28)=-.02, p=.99, respectively
(see Table 1). In addition, there were no differences in
the total amount of time spent looking at the experi-
menter’s hands operating the claws between infants who
made the error (M =5.9s) and those who searched cor-
rectly (M = 5.8), t(28) =.05, p = .97. Also, as in the previous
experiment, infants who searched correctly and those who
made the A-not-B error did not differ in how long they
looked at either the A-location or B-location during the
3-s delay, t(28) =.01, p=.99 and t(28) = .52, p = .61, respec-
tively. There were, however, significant differences during
the search phase, and infants who searched correctly spent
more time looking toward the B-location than infants who
searched incorrectly, t(28) = 6.64, p <.001, and, conversely,
spent less time looking at the A-location, t(28)= —6.64,
p <.001.

In sum, this experiment suggests that neither increased
familiarization with the experimenter nor the claws is
sufficient to induce infants to covertly imitate observed ac-
tions performed by mechanical devices. Also, being able to
observe the experimenter’s hands operating the claws at
test had little effect on infants searching. Once again, look-
ing time measures during the A-trials and the 3 s delay
were not predictive of search performance, but looking
time during search was predictive of search performance.
Based on finding no difference between Experiments 1
and 2, we conclude that it is unlikely that infants’ perfor-
mance in the previous experiment was attributable to their
being uncomfortable with the experimental procedure or
distracted by the unfamiliarity of the claws.
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Although infants were familiarized with the appearance
of the claws, it is virtually certain that they remained unfa-
miliar with their function, at least until they were used
during the testing. Would familiarizing infants with the
function of the claws increase their likelihood of showing
the A-not-B search error? Previous research by Hofer
et al. (2005) suggests that direct experience observing a
human agent operate mechanical claws was necessary
for infants to interpret them as goal-directed agents during
testing. Whether this finding would generalize to the cur-
rent research is an empirical question. In the Hofer et al.
(2005) study, infants were tested with a habituation para-
digm which demanded that they encode the observed ac-
tions, but which did not test whether infants were
encoding the observed actions through covert imitation.
The purpose of the final experiment was to test whether
more direct experience with the mechanical claws’ func-
tion would affect the likelihood that infants would covertly
imitate the observed goal-directed actions of the claws.

4. Experiment 3

The goal of this experiment was to test whether infants
will be more likely to commit the A-not-B search error if
they are first familiarized with the function of the claws
when they are operated by a human agent. This familiar-
ization will likely increase infants’ understanding that the
claws are a means to an end and that they result in a
goal-directed action. It is well established in the infant imi-
tation literature that understanding an action as a means
to an end increases the likelihood of the action being
overtly imitated (Call & Carpenter, 2001; Elsner, 2007). It
is, however, an empirical question whether the same rela-
tion applies to covert imitation.

4.1. Method

4.1.1. Participants

Thirty-nine-month-old infants participated (M = 280-days,
SD = 12-days; 18 females, 12 males). An additional eight in-
fants were tested, but were excluded due to interference
with the apparatus (4), refusal to search (3) or simultaneous
search at both locations (1).

4.1.2. Materials
The same materials from the previous experiment were
used.

4.1.3. Procedure

As in Experiment 2, the procedure began with a 2 min
familiarization phase. During this phase the experimenter
reached for objects using the mechanical claws. In essence,
the familiarization was the same as the no-claws familiar-
ization of Experiment 2, but rather than grasp, hold, look
at, and play with each toy with his hands, the experimenter
did so with the mechanical claws. One difference was that
during this phase the experimenter rolled one of the
wheeled toys out of arm’s reach and reached for and
grasped it with one of the mechanical claws. Afterwards,
the caregiver lifted and held the infant on his or her lap

in front of the stage, and then the testing proceeded exactly
as in the previous experiment.

4.1.4. Coding

As in Experiments 1 and 2, we coded searches, reaches
during the A-trials, and looking times. Looking times were
again coded by one of two observers, with both observers
coding 32% of the participants. Inter-rater reliability was
high, r=.97, p <.001.

4.2. Results and discussion

Twenty of the 30 infants (66.7%) committed the search
error (see Fig. 2). This is significantly greater than chance
(p < .05, binomial test), and is very similar to the result of
Longo and Bertenthal (2006), where 21 of 30 infants
(70.0%) showed the A-not-B error. If the results of this exper-
iment are compared to the results from Experiment 1, the
difference is statistically significant, x%(1,60)=4.29,
p =.04; a comparison between these results and those of
Experiment 2 shows a trend in the same direction,
%%(1,60)=2.44, p=.11. Comparing this experiment and
Experiments 1 and 2 combined reveals a significant differ-
ence, x%(1,90) = 4.36, p = .037.

There was no difference in reaching toward the A-loca-
tion during the A-trials between infants who made the A-
not-B error (M=.84 reaches, SD=1.0) and those who
searched correctly (M = .56, SD = 1.4), {(26) = .55, p = .59. In-
fants who made the A-not-B error and those who searched
correctly also did not differ in how long they looked at the
A-location, the B-location, or the experimenter’s hands
(Ms =5.5 sand 6.8 s for those who made the error and those
who searched correctly) during the A-trials, t(26) = —.40,
p=.69, t(26)=-.11, p=.92, t(26)=.66, p=.51, respec-
tively.? There were also no differences between infants who
made the error versus searched correctly in looking times to
the A- or B-location during the 3-s delay following object hid-
ing in the B-location, t(26)=.40, p=.69 and t(26)=—1.30,
p=.21(See Table 1). As reported in the previous two experi-
ments, there were significant looking time differences during
the search phase; infants who searched correctly looked more
toward the B-location than infants who searched incorrectly,
t(26)=6.69, p<.001, and less toward the A-location,
t(26) = —2.93, p=.007.

Looking times and reaching behaviors in Experiments 1,
2, and 3 were compared with separate one-way analyses of
variance (ANOVA). There were no cross-experiment differ-
ences in number of reaches toward the A-location during
the A-trials, F(2, 84) = .66, p = .52. There were also no differ-
ences in looking times across experiments to the A-location,
F(2,84)=1.12, p=.33, or B-location, F(2,84)=.49, p=.62
during the A-trials (See Table 1). A final comparisonrevealed
no difference between Experiments 2 and 3 in amount of
time looking at the experimenter’s hands, t(56)=-.07,
p=.95.

3 The video record for one of the infants who made the A-not-B error
ended before the search trial, and another infant who searched correctly
was not within the view of the camera during a significant portion of the A-
trials, the 3-s delay, and the search phase. Looking times could, therefore,
not be coded for these two infants.



8 T.W. Boyer et al./Cognition 121 (2011) 1-11

These results suggest that familiarization with the func-
tion of the claws increased the likelihood that infants
would covertly imitate their subsequent actions. This is
in clear contrast to the results of Experiments 1 and 2,
where infants were not familiarized with the claws’ func-
tion and were less likely to commit the A-not-B search
error. Previous research has shown that infants between
12- and 18-months are less likely to overtly imitate an
observed goal-directed action if they are not shown its full
set of means-end relations (i.e., the body movements, the
objects, and the effects; Bellagamba, Camaioni, &
Colonnesi, 2006; Bellagamba & Tomasello, 1999; Elsner &
Aschersleben, 2003; Elsner, Hauf, & Aschersleben, 2007;
Huang & Charman, 2005; Tennie, Call, & Tomasello, 2006;
but cf. Nielsen, 2009). We conjecture that this same
relation may apply to covert imitation as well, and that
familiarizing infants with the function of the claws height-
ened the salience of the relation between the means (i.e.,
use of the claw to extend one’s reach) and the ends (i.e.,
accomplishing the goal of grasping out-of-reach objects)
of their actions. Whereas infants in the current experiment
already had some understanding of how the claws function
in performing a goal-directed action, infants in Experi-
ments 1 and 2 did not, which reduced their likelihood of
motorically simulating the actions. Relatedly, Hofer and
colleagues (2005) provide support that familiarization
with a mechanical device increases infants’ sensitivity to
its goal-directedness. The current results extend this find-
ing by demonstrating that an increased understanding of
the goal structure of mechanical device actions increases
the likelihood of covertly imitating the observed actions.

5. General discussion

Recent evidence suggests that the actions infants ob-
serve others perform and their own planning and execu-
tion of these actions are represented with a common
representational code (e.g., Daum et al., 2011; Sommerville
& Woodward, 2005; Sommerville et al., 2005). One
measure of this shared representation is evidence of the
A-not-B search error following observation of someone
else searching for the hidden object on the A-trials (Longo
& Bertenthal, 2006). This finding suggests that infants
establish a response bias to the A-location while observing
the experimenter’s goal-directed actions during the
A-trials, which we argue is not unlike what happens when
they search on the A-trials themselves. The current exper-
iments tested whether the emergence of these shared rep-
resentations are limited to human actions or extend to
actions performed with a pair of mechanical claws, and
whether this varies with infants’ familiarity with the
mechanical claws’ and their function. The results reveal
that infants’ brief experiences observing actions performed
with mechanical devices are represented not only by their
visual system, but by their motor system as well, at least
when testing is preceded by the observation of a similar
action that primes the motor representation.

When infants in the current study had no previous expe-
rience with the claws, or had experience that did not
involve a demonstration of the function of the claws, as in
Experiments 1 and 2, respectively, they did not show

evidence of action perception through motor representa-
tion. By contrast, infants in Experiment 3, who were famil-
iarized with how the mechanical claws function when
operated by another person, were more likely to search in
the A-location, hence suggesting covert imitation. As such,
these findings are consistent with previous research report-
ing that 9-month-old infants do not interpret the actions
performed with mechanical claws as goal-directed
(Woodward, 1998), unless they have first been familiarized
with the claws operation by another person (Hofer et al.,
2005). Importantly, the current findings go beyond
previous research to reveal that familiarization with the
goal-directed actions of a mechanical device specifically in-
creases the likelihood of covert imitation of the observed
actions.

Are these findings compatible with the direct-matching
hypothesis? This hypothesis suggests that motor simulation
decreases if observed actions are outside one’s motor reper-
toire (Calvo-Merino, Glaser, Grézes, Passingham, & Haggard,
2005; Longo & Bertenthal, 2006; Longo, Kosobud, &
Bertenthal, 2007; Rizzolatti et al., 2001). Furthermore, pre-
vious studies with adults report decreased simulation of ob-
served actions performed by robots or mechanical devices
(Kilner et al., 2003; Press et al., 2005; Tsai & Brass, 2007).
The claws used here do not resemble human hands, and 9-
month-old infants are motorically unable to operate the
claws, both of which suggest that infants would be less likely
to match their actions. Therefore, the results of Experiments
1 and 2 are consistent with previous findings with adults.

The results of Experiment 3, however, suggest that the
relation between perception and action is modulated by
the immediately preceding experience: after a brief famil-
iarization with the function of the mechanical claws, which
increased the salience of the means-ends relations of the
claws’ actions, infants tended to search in the incorrect
A-location on the B-trial. This result suggests that infants’
mapping of observed actions onto motor representations
occurs regardless of whether or not a human agent is in-
volved as long as there is some familiarity with the
means-ends relations of the observed event. Based on the
results in Experiment 3, we conjecture that infants learn
very quickly to generalize goal-directed reaching actions
to the claws, and thus map the observed actions of the
claws to their own motor representations. Although this
view is at odds with the orthodox interpretation of a direct
matching system (e.g., Gallese, Fadiga, Fogassi, & Rizzolatti,
1996; Rizzolatti & Craighero, 2004; Rizzolatti, Fadiga,
Gallese, & Fogassi, 1996), it is consistent with recent
accounts that propose a more flexible system that is able
to abstract from observed actions and their effects and
map this generalized information onto motor representa-
tions (e.g., Caggiano, Fogassi, Rizzolatti, Their, & Casile,
2009; Craighero, Metta, Sandini, & Fadiga, 2007).

In the current study, infants’ understanding of the
claws’ actions benefitted from the brief demonstration of
their function, but infants may have also benefitted from
the claws appearing as tools rather than as independent
agents. Infants begin using tools (McCarty, Cliftron, &
Collard, 2001) and begin understanding that tools modu-
late human-object relations (Lockman, 2000) at approxi-
mately the same age as was tested here. Conceivably,
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infants experiences with using tools to retrieve out of
reach objects (Munakata, McClelland, Johnson, & Siegler,
1997; Sommerville et al., 2008) may have contributed to
their representation of the actions performed with the
claws. The familiarization experience of infants in Experi-
ment 3 may have increased their understanding of the
claws as tools, which, in turn, may have contributed to
their increased abstraction and covert imitation of the ac-
tions performed with the claws. Interestingly, although
earlier studies reported evidence to the contrary (e.g.,
Rizzolatti et al., 1996), recent research indicates that with
sufficient familiarization (Ferrari, Rozzi, & Fogassi, 2005)
or training (Rochat et al., 2010), primate mirror neurons
fire in response to the observation of actions performed
with tools. One significant difference between these neuro-
physiological studies and the current study, however, is
that this generalization requires 2 months of experience
in macaques, while our results suggest it occurs after only
2 min of experience in human infants. This difference sug-
gests that human infants are much better prepared for this
experience, either because the mapping mechanism be-
tween the visual description and motor representation of
the action is already more abstract, or a different mecha-
nism altogether is available in humans. Although this
interpretation is intriguing, it remains somewhat specula-
tive because we did not test directly whether infants
perceived the claws as tools or independent agents. This
is an empirical question that could be tested, but for the
moment remains unresolved.

One caveat concerning our interpretation is that the A-
not-B error in this task is only a proxy for covert imitation
and is an indirect assessment of motor activation. Indeed, a
more direct assessment of the neural activation in the
brain is required to provide more convincing evidence for
this hypothesis. In the absence of more definitive evidence,
we consider two other influential theories that have been
recently advanced to explain why infants commit the A-
not-B error. The Dynamic Field Theory (DFT; Clearfield
et al., 2009; Diedrich et al., 2000; Spencer et al., 2009; The-
len, Schoéner, Scheier, & Smith, 2001), is one alternative,
which suggests that the results might be explained in
terms of attention, perception, and memory for the A-
and B-locations. If, for example, infants devoted more
attention to the A-location on A-trials in Experiment 3 than
in either Experiments 1 or 2, then they would be more
likely to make the A-not-B error in Experiment 3, because
they had established an attentional bias toward the A-loca-
tion. Likewise, had infants in Experiment 3 devoted less
attention to the experimenter’s hands operating the claws
than infants in Experiment 2 (i.e., because the experi-
menter’s manual operation of the claws was less novel to
them due to their experience in the familiarization phase),
they would have more cognitive resources to devote to
tracking the object’s placement in the A-location, resulting
in a stronger representation of the object in the A-location.
Our results, however, revealed no differences across exper-
iments in infants’ attention to either the A-location or the
experimenter’s hands during the A-trials, and, therefore,
there is no reason to suggest that attention is differentially
biasing infants’ search behavior in each experiment.

According to the DFT approach, infants in Experiment 3
may have also formed a stronger memory trace for the A-
location while observing the claw reaches on the A-trials,
due to an increased understanding of the claws’ function
from the familiarization phase. As a consequence, the
strength of the activation for the A-location on the B-trial
could well have been greater than what occurred in Exper-
iments 1 or 2. Strictly speaking, this possibility is not
inconsistent with the account we are proposing. Previous
DFT models, however, have proposed that infants direct
greater activation to the A-location due to their active
reaching on the A-trials, whereas we are suggesting that
infants experience greater activation toward the A-location
due to the simulation of reaching while they observe the
claws reach to the A-location. In essence, the only differ-
ence between the two views is whether reaching for the
hidden object on the A-trials is covert or applies only to
overt motor behavior. Interestingly, Spencer and Schutte
(2004) found that observing an experimenter hide an ob-
ject at one location influences 2- and 4-year old children’s
searches for the object in a second location. This finding
thus provides additional evidence that search errors are in-
duced not only following active reaching but also after the
repeated observation of the goal-directed action.

The second alternative theory for explaining the current
results is that infants in Experiment 3 formed a different
set of expectations for how to behave during the B-trial
as a function of the interaction they had with the experi-
menter. According to the pedagogical learning stance
(Csibra & Gergely, 2009, 2011), infants’ search errors in
the A-not-B paradigm are attributable to the experi-
menter’s ostensive and referential signals during the
experiment, which bias the infant to interpret the hiding
trials at the A-location as a teaching demonstration for
learning some generalizable information, such as the
object belongs in or can usually be found hidden at the
A-location. Topal and colleagues (2008) showed that in-
fants were more likely to commit perseverative search er-
rors if the experimenter ostensively communicated with
them than if the experimenter was non-communicative
or was not visible and conducted the task from behind a
curtain. Like the non-social conditions conducted by Topal
and colleagues (2008), Experiment 1 involved no social
interaction between the experimenter and the infant, and
the results did not reveal a significant number of infants
showing the search error. Thus, the findings from Experi-
ment 1 are consistent with the natural pedagogy approach.

This approach is not, however, sufficient to reconcile
the results of Experiments 2 and 3. These experiments
were identical in terms of the social interaction between
the experimenter and infant, and the only difference was
that the claws were operated in a goal-directed fashion
during the familiarization phase of Experiment 3 but not
during that of Experiment 2. It is likely that the experi-
menter’s ostensive communicative cues during the famil-
iarization phase of Experiment 3 influenced infants’
interpretation of the claws’ function and that this affected
their observation of the claws’ actions during the A-not-B
task. In order to fully explain the test results, however,
the experimenter’s pedagogical stance during familiariza-
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tion would have had to somehow generalize to the test
phase when the experimenter was not even present.
Although we cannot directly refute this interpretation,
we suggest that a history of covertly imitating the claw
reaches on the A-trials is a more direct and parsimonious
explanation. In order to evaluate the natural pedagogy ap-
proach more directly, however, it would be necessary to
conduct additional experiments where social interaction
and communication with infants during both the familiar-
ization and test phases are manipulated. This is outside the
scope of the current study though, and is left for future
research.

In sum, previous research revealed that infants’ experi-
ence performing actions affects how they subsequently
interpret others’ actions (Daum & Gredebadck, 2011;
Sommerville & Woodward, 2005; Sommerville et al.,
2005), and their observation of others’ actions affects the
actions they themselves perform (Longo & Bertenthal,
2006). The current experiments build upon this previous
work by showing that infants’ motor representations of
others’ actions is restricted to behaviors modeled by hu-
mans and does not generalize to actions executed with
mechanical devices, unless they are familiarized with the
function of the devices immediately before testing. We
suggest that this familiarization increases the salience of
the means-ends relations of the perceived events, which
results in a stronger mapping between the perceived ac-
tions and their effects resulting in priming of infants’ mo-
tor representations. In contrast to recent findings
suggesting that infants’ understanding of actions is
improved only after direct active experience with those ac-
tions (e.g., Sommerville et al., 2008), this study reveals that
even brief visual experience with previously unfamiliar
goal-directed actions primes infants’ motor representa-
tions of similar subsequently observed actions.
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