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Recent research suggests that infants’ observation of others’ reaching actions activates

corresponding motor representations which develop with their motor experience.

Contralateral reaching develops a few months later than ipsilateral reaching, and

9-month-old infants are less likely tomap the observation of these reaches to their motor

representations. The goal of the current study was to test whether a brief familiarization

with contralateral reaching is sufficient to prime this less developedmotor representation

to increase the likelihood of its activation. In Experiment 1, infants were familiarized with

contralateral reaching before they were tested in an observational version of the A-not-B

paradigm. A significant number of infants searched incorrectly, suggesting that the

observation of contralateral reaching primed their motor representations. In Experiment

2, infants were familiarized with ipsilateral reaching, which shared the goals but not the

movements associated with the contralateral reaches observed during testing, and they

did not show a search bias. Taken together, these results suggest that a brief

familiarization with a movement-specific behaviour facilitates the direct matching of

observed and executed actions.

The first year of life affords infants many opportunities to learn about themselves, other

people, and their surroundings. Much of this learning occurs from observing the
movements and effects of their own as well as others’ actions. Interestingly, it is often

reported that during this period of development, infants’ perception and production of

actions are coupled (Bertenthal & Longo, 2008; Hauf, 2007; Lepage & Th�eoret, 2007;
Paulus, Hunnius, Vissers, & Bekkering, 2011; Rakison & Woodward, 2008; Sommerville,

Woodward, & Needham, 2005; van Elk, van Schie, Hunnius, Vesper & Bekkering, 2008).

For instance, infants interpret others’ manual reaches as goal directed by 5–6 months of

age (Kir�aly, Jovanovic, Prinz, Aschersleben, & Gergely, 2003; Woodward, 1998), which

corresponds with when they begin to successfully reach for distal objects (Bertenthal &
vonHofsten, 1998). Similarly, the sorts of grasps 6-month-old infants performpredict their

ability to differentiate others’ grasps (Daum, Prinz, & Aschersleben, 2011). At 10 months

of age, infants who are capable of pulling a cloth to retrieve a toy are more likely to

understand the means-end structure of someone else performing the same goal-directed
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action (Sommerville&Woodward, 2005). Themost parsimonious interpretation for these

findings is that there is a bidirectional developmental relation between theperception and

execution of actions (e.g., Daum, Prinz, & Aschersleben, 2009; Hauf, 2007).

These findingswere anticipated by James’s (1890) and Greenwald’s (1970) ideomotor
theories, and more recently Prinz’s (1997) common coding theory. According to these

theories, action perception and production share representational resources, and, thus,

observed events facilitate or interfere with one’s own coinciding actions (Hommel,

Musseler, Aschersleben, & Prinz, 2001). The discovery of mirror neurons in non-human

primates, and homologous findings in humans (e.g., Decety et al., 1997; Rizzolatti, Fadiga,

Gallese, & Fogassi, 1996), provides further support for this theory. In essence, it is

hypothesized that observed actions are mapped to corresponding motor representations

in the observer’s brain (see Rizzolatti & Craighero, 2004; Rizzolatti & Sinigaglia, 2010).
Considerable electrophysiological, neuroimaging, and behavioural evidence supports

this directmatching hypothesis that action observation activatesmotor representations in

adults (seeHeyes, 2011 for a review). For instance, adults show similar patterns of EEGmu

rhythm desynchronization when they perform or observe others perform goal-directed

actions (Nishitani & Hari, 2000), which has also been found with 8- to 14-month-old

infants (e.g., Marshall, Young, & Meltzoff, 2011; Nyst€om, Ljunghammar, Rosander, & von

Hofsten, 2011; Southgate, Johnson, El Karoui, & Csibra, 2010). Additional observational

and eye tracking studies suggest that infants mirror or match observed actions that they
are capable of executing (e.g., Daum et al., 2009, 2011; Hamlin, Hallinan, & Woodward,

2008). These shared representations enable infants to understand observed actions as

well as to predict the goals or effects of these actions (Cannon, Woodward, Gredeb€ack,
von Hofsten, & Turek, 2012; Henrichs, Elsner, Wilkinson, Elsner, & Gredeb€ack, 2014; see
Gredeb€ack & Falck-Ytter, 2015, for a review), and infants’ motor experience is an

important contributor to this developmental outcome (seeWoodward&Gerson, 2014 for

a review).

Longo and Bertenthal (2006) conducted a study that suggested that 9-month-old
infants represent ipsilateral and contralateral reaching differently specifically because of

differences in motor experience. In brief, they tested infants in Piaget’s A-not-B search

task: Infants observe anobject hidden in oneof two locations (A-location), and then search

for it. After a few trials, the experimenter hides the object in the other location

(B-location), and the infant searches again. Infants between 8 and 12 months of age

typically err and search at the A-location rather than at the B-location, which is one of the

most well studied and replicable findings in developmental psychology (e.g., Marcovitch

&Zelazo, 1999;Wellman, Cross,&Bartsch, 1986).Whereas Piaget (1937/1954) suggested
this is due to infants’ fragile understanding of object permanence, more recent accounts

suggest that repeated reaches to the A-location establish a response bias that infants are

unable to inhibit (Clearfield, Dineva, Smith, Diedrich, & Thelen, 2009; Diamond, 1985,

1991; Diedrich, Thelen, Smith, & Corbetta, 2000; Smith, Thelen, Titzer, & McLin, 1999;

Thelen, Sch€oner, Scheier, & Smith, 2001; Zelazo, Reznick, & Spinazzola, 1998).

Longo and Bertenthal (2006) replicated this finding but also tested infants in an

observation version of the A-not-B task, in which infants watched the experimenter

repeatedly hide and retrieve the object on the A-trials, andwere only allowed to search for
the object on the B-trial. If overt reaching was necessary to bias infants to search

incorrectly, then infants should not commit a search error. If, however, infants mapped

the observed actions to their motor representations, then infants may commit a search

error. Interestingly, a search error was observed, but only if the experimenter hid and

retrieved the object during the A-trials with his ipsilateral hand (i.e., same side of the body
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as the object); infants searched randomly if the experimenter used his contralateral hand

(i.e., opposite side of the body as the object).

This interaction with reach type was unexpected, but suggested the importance of

considering both the means and the goals when evaluating infants’ action understanding.
Although sometimes overlooked in the infant literature, it is important to appreciate that

actions are represented atmultiple levels that can include their means, their goals, or both

(Decety, 1996; Hommel, 1996). In the search task, the goal was always the same (i.e.,

retrieve the hidden object), but themeans (i.e., ipsilateral or contralateral reach) differed.

Critically, the development of contralateral reaching generally lags 2–4 months behind

ipsilateral reaching (Bruner, 1969; Morange & Bloch, 1996; Provine &Westerman, 1979).

Infants tend not to spontaneously reach contralaterally until about 26 weeks of age (van

Hof, van der Kamp, & Savelsbergh, 2002), and the frequency of spontaneous contralateral
reaching remains very low throughout the first year. Even when infants are tested

in situations designed to constrain ipsilateral reaching, the frequency of contralateral

reaching at 9 months of age is only 15–25% (Barton & Bertenthal, 2013; Gampe, Keitel, &

Daum, 2015; Melzer, Prinz, & Daum, 2012). This suggests that infants have relatively

limited experience performing contralateral reaches during the first year, and thus, their

motor representation would be less well developed than that for ipsilateral reaching. As

such, they would be less likely to map a contralateral reach to a motor representation and

develop a response bias during the search task.
One critical question, which has not yet been addressed, is whether the activation of a

motor representation during action observation varies exclusively as a function of long-

term experience, or alternatively, could it be influenced by the infant’s recent experience

as well? Accordingly, in the current study, we examine whether providing infants with

experience observing an experimenter repeatedly reaching during a familiarization period

affects performance on a subsequent observational A-not-B search task. In Experiment 1,

infants observed an experimenter reaching only contralaterally for toys during familiar-

ization, whereas in Experiment 2, infants observed an experimenter reaching only
ipsilaterally during familiarization. In both experiments, the subsequent observational

A-not-B search task was conducted exclusively with contralateral reaches. Infants’

familiarization with contralateral reaching in Experiment 1 could prime both the goal and

the movement associated with the motor representation of the contralateral reach they

subsequently observed at test. By contrast, familiarization with ipsilateral reaching in

Experiment 2 could prime the goal associated with the motor representation, but not the

specific movement, due to the difference between the ipsilateral and contralateral

reaching movements observed during familiarization and test. By including both
familiarization conditions, we were able to test whether the motor representation could

be primed by infants observing the goal of the action, themovement of the action, or both.

EXPERIMENT 1

In this experiment, 9-month-old infants observed the experimenter repeatedly perform-
ing contralateral reaches for objects during a familiarization phase, followed by the

observational version of the A-not-B search task. Whereas previous research suggests that

infants do not show a search error at this age when the experimenter reaches

contralaterally (Longo & Bertenthal, 2006), we hypothesized that the familiarization

experience would prime motor activation during the search task, and thus result in a

search error on the B-trial of the task.
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Method

Participants
Thirty 9-month-old infants participated (M = 275.8-days, SD = 8.7-days; 17 females, 13

males).1 An additional three infants were tested, but were excluded due to fussiness (1),

ambiguous search behaviour (1), or parental interference (1). Participants were primarily

from middle-class families and were predominantly Caucasian. We obtained contact

information through birth records and community outreach and contacted parents by

mail, phone, or e-mail. We gave parents an overview of the procedure, and they signed a

consent form before the study began. All infants were given a gift of appreciation after

participating.

Materials

Six plastic toys were used during the familiarization phase, another toy was used during

the training trials, and an additional toy that rattled when shaken was used during the A

and B test trials, which is consistent with a previous study that adopted a similar

experimental sequence (Boyer, Pan, & Bertenthal, 2011). The training apparatus

consisted of a box (41 9 32 9 4.3 cm) with a single cylindrical well set in its centre
(12 cm diameter). A similar apparatus, with two cylindrical wells, 12.7 cm apart, was

used for the test trials. Cylindrical lids with spherical wooden knobswere used in training

and test. The entire session was filmed from the side with a digital video camera, and the

training and test phases were also recorded with a webcam directed towards the infant

and parent; the video from the webcam served as the primary record for coding infants’

visual attention throughout the training and test phases (see Figure 1).

Procedure

Familiarization phase

The infant and caregiver sat on the floor opposite the experimenter with two sets of three

toys between them, approximately 45 cm apart. The experimenter reached contralat-

erally for one of the toys, while saying, ‘Look, [infant’s name], Look!’, and provided

ostensive cues such as smiling, directed eye gaze, infant directed speech, andmodification

of the movement speed with the infant’s attention. It was critical to ensure that the infant

was attending to the reaching action which is why multiple ostensive cues were used

(Csibra & Gergely, 2009, 2011). The experimenter reached for and manipulated the toy

(e.g., rolling a wheeled toy, squeezing a sounding toy) with his contralateral hand, and
then set it down and withdrew his reach before beginning another reach. He alternated

between reaching with his right and left hands, switching to the other hand after

performing no more than two reaches with either hand. Infants observed an average of

22.6 contralateral reaches (Ms = 11.7 and 10.9 reaches with the left and right hands,

respectively), which lasted 137 s on average (SD = 20 s). Immediately following this

familiarization phase, the caregiver lifted the infant onto her lap on one side of a table

facing the testing apparatus and the experimenter.

1We tested 9-month-old infants in order to remain consistent with previous research and to strike a balance between the
emergence of the A-not-B error and contralateral reaching, which increases considerably from 6 to 12 months (Gampe et al.,
2015; Melzer et al., 2012).
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Training phase

There were four trials with a single well following the procedure used by Longo and

Bertenthal (2006). On the first trial, the toy and lidwere placed on top of the box on either

side of the well and the apparatus was slid forward so that the infant could grasp the toy

and/or lid. On the second trial, the toywas placed in thewell; on the third trial, the toywas

placed in the well and was partially covered with the lid; and on the final trial, the toy was

placed in the well and was completely covered by the lid. Each trial began with the lid set
to one side of the well and the toy on the opposite side. The experimenter consistently

grasped the toywith a contralateral reachwith onehand (e.g., using his left handwhen the

toy was to the right of the well), and then grasped the lid with a contralateral reach with

the other hand (e.g., grasping the lid to the left of the well with his right hand). No infant

failed to remove the lid and grasp the toy on the final training trial. The experimenter then

removed the single well apparatus, replaced it with the two-well apparatus, and

administered the A and B search trials.

Test phase

The experimenter reached for the toy and rattled it to draw the infant’s attention, placed it

between the wells, withdrew his hand, and waited 3-s. Next, the experimenter reached

for the toy, rattled it, removed theA-well lidwith his ipsilateral hand, placed the toywithin

thewell with a contralateral reach, covered it with the lid, withdrewhis hands, waited 3-s,

then removed the A-well lid and retrieved the toywith a contralateral reach (see Figure 1),

and placed it between the wells. This sequence was repeated six times. Finally, the
experimenter hid the toy in the B-well using the samehand he had used to grasp the toy on

each of the A-trials, waited 3-s, and then slid the apparatus forward for the infant to search.

We administered only one B-trial to prevent the possibility of carryover effects due to

repeated reaches leading to a dissipation of the responsebias. The right/left position of the

Figure 1. Example of an infant observing a contralateral reach during object hiding on an A-trial of the

test phase.
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A-location and the hand used to perform each reach was counterbalanced across infants.

With the exception of the familiarization phase, the procedure was the same as the

contralateral reach condition in Longo and Bertenthal (2006) Experiment 2.

Behavioural coding

We coded whether infants searched correctly or committed the A-not-B error from the

video recordings using a frame-by-frame analysis (30-frames-per-second). Two measures

of visual attention were also coded: (1) looking first to the A- or B-location on the search

trial, and (2) duration of looking to the A- and B-locations and to the experimenter’s hands

(i) during the A-trials, (ii) during the 3-s delay immediately after the toywas hidden at the B-

location, and (iii) during infants’ search. The minimum duration of participant looking at
any specific target that was detectable was approximately 200 ms (i.e., six video frames).

Also, we coded the latency to search for the toy by subtracting the video timestamp of the

last frame of the box moving forward from the timestamp of the first frame that the infant

touched either well lid. All coding was conducted by a trained observer unfamiliar with

the hypotheses of the experiment, with looking durations on 20% of the trials coded by a

second observer to establish reliability, r(40) = .99, p < .001.

Results and discussion

Twenty of the 30 infants (66.7%) committed the search error (see Figure 2). This rate is

significantly greater than chance (p < .05, one-tailed binomial test). For comparison

purposes, Longo and Bertenthal (2006) reported that 53.3% of the infants who observed

the experimenter perform contralateral reaches during the A-trials and 86.7% of infants

who observed the experimenter perform ipsilateral reaches during the A-trials committed
a search error.2

Table 1 summarizes the looking time results during each phase of the task. Therewere

no significant differences in looking at A or B during the A-trials for infantswho committed

the A-not-B error and those who searched correctly; the same is true for looking times at

the experimenter’s hands during the A-trials or during the delay immediately after the

object was hidden at B, all ts(28) ≤ 0.88, all p ≥ .39. These results suggest that visual

attention during the A-trials and delay cannot explain infants’ search behaviour. By

contrast, during the search phase, infants who committed the A-not-B search error looked
more at A than infants who searched correctly, t(28) = 5.20, p < .001, and conversely,

looked less at B, t(28) = �5.85, p < .001. Infants who committed the search error were

also more likely than infants who searched correctly to look first at the A-location when

theywere given the opportunity to search, v2(1,N = 30) = 7.18, p = .007 (see Figure 3).

These findings are consistent with previous findings showing that looking and searching

covaried during the B-trial (Bell & Adams, 1999; Cuevas & Bell, 2010). Finally, there was a

marginally significant search latency difference between infants who committed the

search error (M = 5.1 s) and those who searched correctly (M = 8.9 s), t(28) = 1.93,
p = .063, which is reminiscent of a related finding that 4-year-old children’s success in a

perseveration task increases with increased delay (Diamond, Kirkham, & Amso, 2002).

2 These are the data reported in Longo and Bertenthal (2006) Experiment 2, which, except for the addition of the reach
familiarization phase, was procedurally identical to the present study.
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In sum, these data suggest that briefly familiarizing infants with contralateral reaching

didprime theirmotor representations and increase the likelihood that theywouldmap the

experimenter’s reaches during the A-trials to theirmotor representations. Visual attention
during the A-trials could not explain infants’ search errors, but visual attention during the

B-trial did covary with search behaviour. It is also noteworthy that search errors were

associated with shorter search latencies, suggesting that the motor simulation may

dissipate with time, and thus decreases the likelihood of motor persistence biasing the

response. A related possibility is that longer latencies might reflect greater uncertainty in

the choice of where to search because the motor representation is not sufficiently

activated or the memory for the object’s location persists and competes with the motor

bias (cf., Thelen et al., 2001).
These results thus suggest that familiarizing infantswith contralateral reaching prior to

testing them in the A-not-B search task increased the likelihood that infants would activate

amotor representationwhile observing the experimenter search on theA-trials. Given the

design of this experiment, it could not be determined whether this was due to encoding

Figure 2. Number of infants who searched correctly at the B-location or searched incorrectly at the

A-location in each experiment.

Table 1. Infants’ looking times (in seconds) at the A- and B-locations and the experimenter’s hands as a

function of correct versus incorrect (A-not-B error) search on the B test trial

Search

A-trials Delay Search

A B Hands A B A B

Experiment 1 Correct 36.3 5.0 45.3 1.0 1.5 0.7 5.2

Incorrect 38.7 4.8 41.7 1.1 1.2 2.8 0.5

Experiment 2 Correct 41.2 6.3 44.6 0.6 1.6 0.5 4.5

Incorrect 40.3 6.1 46.3 1.0 1.4 3.2 1.0
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the experimenter’s movements or goals. If the increased likelihood of a search error was a

function of encoding the goal of the reach, then it should not matter whether infants

observe the experimenter reaching contralaterally or ipsilaterally during the familiariza-

tion phase. If, however, the increased likelihood of a search error was due to specifically
encoding a contralateral reaching movement, then familiarizing infants with ipsilateral

reaching should not increase the likelihood of their committing a search error.

EXPERIMENT 2

This experiment tested whether infants primed with ipsilateral reaching during the
familiarization phase would subsequently commit the search error on an observational

version of the A-not-B search task where the experimenter reaches contralaterally.

Method

Participants
Thirty 9-month-old infants participated (M = 277-days, SD = 11-days; 15 females, 15

males). An additional two infants were excluded due to simultaneously searching at both

locations. Participant recruitment was the same as Experiment 1.

Materials

The materials were identical to those of the previous study.

Procedure

The procedure was identical to that of Experiment 1, except during the familiarization

phase, the experimenter reached ipsilaterally. Infants observed an average of 20.5

Figure 3. Number of infants who first looked at the A- or B-location as a function of search location and

experiment.
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ipsilateral reaches (10.2 and 10.3 reacheswith the left and right hands, respectively), over

an average of 132 s (SD = 14 s). The training and test trials proceeded exactly as in

Experiment 1.

Behavioural coding

Infants’ first looks and search behaviour on the B-trial as well as looking times during each

phase of the experimentwere coded as in Experiment 1,with looking durations on 20%of

the trials coded by a second observer to establish reliability, r(40) = .99, p < .001.

Results and discussion

Sixteen of the 30 infants (53.3%) committed the search error, which does not differ from

chance (p > .10, binomial test). As previously noted, Longo and Bertenthal (2006,

Experiment 2) reported 53.3% of infants who observed the experimenter reach

contralaterally on A-trials committed the search error.

Infants who searched correctly and those who committed the A-not-B error did not

differ in how long they looked at A- or B-locations, or the experimenter’s hands during the
A-trials or the delay after the object was hidden in the B-trial, all ts(28) ≤ 1.07, all p ≥ .29.

Similar to Experiment 1, during the search phase, infants who committed the search error

spent more time looking at the A-location than those who searched correctly,

t(28) = 6.99, p < .001, and less time looking at the B-location, t(28) = �5.10, p < .001.

With regard to first looks on the B-trials, therewas no difference between thosewhomade

the search error and those who searched correctly, v2(1, N = 30) = 1.67, p = .196 (see

Figure 3). Also, there was no search latency difference between infants who committed

the A-not-B error (M = 5.3 s) and those who searched correctly (M = 6.2 s), t(28) = .81,
p = .43.

Overall, these results provide no evidence that short-term visual experience with

ipsilateral reaching resulted in any systematic change to infants’ behaviour. Although

more infants in Experiment 1 than in this experiment committed the search error, and

although the proportion of infants who committed the search error in Experiment 1

exceeded chance and that for Experiment 2 did not, the number of infants committing the

search error in the two experiments did not statistically differ, v2(1, N = 60) = 1.11,

p = .29. Nevertheless, there were other differences. In comparison with infants in
Experiment 1 (19/30 of whom looked at the A-location first), infants in this experiment

were more likely to look to the B-location first (20/30 looked at the B-location first), v2(1,
N = 60) = 5.41, p = .02 (see Figure 3). We further tested this difference with a logistic

regression to determine whether familiarization condition (contralateral vs. ipsilateral)

and infant search location (A vs. B) were significant predictors of where infants first

looked. The results revealed that both familiarization condition, Β = 1.20, p = .04, and

manual search location, Β = �1.64, p = .007, were significant predictors of first looks,

and together accounted for a significant amount of variance, Nagelkerke R2 = .27.
These results suggest that the two familiarization experiences differentially affected

infants’ initial direction of attention as they began to search for the hidden toy. This

difference could not be attributed to differential attention on the A-trials, because infants

looked at the A-location for themajority of time in both familiarization conditions. Instead,

we hypothesize that where infants first looked on the B-trial was analogous to the

explanation given in a goal prediction task. If infants are capable of representing the
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observed action, then they shift their gaze towards the goal before the action occurs

(Cannon et al., 2012; Henrichs et al., 2014; see Gredeb€ack & Falck-Ytter, 2015, for a

review). After observing the experimenter search for the hidden object on six trials,

infants were likely to expect the experimenter to reach on the B-trial as well. If they had
developed a response bias from observing the experimenter reach for the object on the

A-trials, then they would have been even more likely to look at the previously correct

location than to search there. The significant difference in first looks as a function of

familiarization conditions thus supports the suggestion that short-term visual experience

with contralateral reaching is capable of priming 9-month-old infants’ motor represen-

tations.

In sum, the observation of ipsilateral reaching was not sufficient to prime the infant’s

motor representation for contralateral reaches during the search task asmeasured by their
search or predictive looking behaviours. It thus appears that encoding the specific

movements of the experimenters’ contralateral reaches during the familiarization phase

was necessary to prime contralateral reaching during the search task. In order to avoid any

misunderstanding, we are not suggesting that the experimenter’s goals were unimpor-

tant, but rather that familiarization with goal-directed reaching, in and of itself, was

insufficient to prime the infant’s motor representation for activation during subsequently

observed contralateral reaches. At least for this task, it is important for infants to not only

perceive the goals of the observed action, but the specific relation between the
movements and goals. By analogy, researchers who study imitation distinguish between

emulation (copying the effect or the goal of the action) and imitation (copying both the

movement as well as the goal; Elsner, 2007). This is why we suggest that infants who

committed the search error in the current experiments were ‘covertly imitating’ the

experimenter’s reaching actions.

GENERAL DISCUSSION

Recent research suggests that the actions that infants perform and their perception and

understanding of those same actions are reciprocally related (e.g., Daum et al., 2011;

Elsner & Aschersleben, 2003; Hauf, 2007; Paulus et al., 2011; Sommerville et al., 2005).

The results from this study contribute to this literature by suggesting that a brief

familiarizationwith actions that are not yet well developed increases infants’ likelihood of

mapping these observed actions to their own motor representations. This mapping
involves both the movements and the goals of the action, which explains the results of

Experiment 2: Infants were familiarized with ipsilateral reaching, which was insufficient

to prime their motor representation for contralateral reaching when they were tested by

an experimenter who only reached contralaterally. By contrast, infants familiarized with

contralateral reaching in Experiment 1 were more likely to map the observation of the

experimenter’s contralateral reaching during the A-trials to their motor representations,

and consequentlyweremore likely to show a response bias to the A-location on the B-trial.

Taken together, these results suggest that priming amotor representation is a function of,
(1) its developmental state, as well as, (2) the degree to which the immediately perceived

input matches both the movements and the goals of the motor representation.

As previously discussed, contralateral reaching develops later and more slowly than

ipsilateral reaching (Gampe et al., 2015;Melzer et al., 2012; Provine &Westerman, 1979;

van Hof et al., 2002). Although a significant proportion of infants showed a search error

following familiarization with contralateral reaching, this proportion of the sample was
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still a good deal lower than what had been previously reported for infants who observed

an experimenter reaching ipsilaterally in the A-not-B search task (Longo & Bertenthal,

2006). This result makes sense in that a less developed motor representation for

contralateral reaching is unlikely to achieve the same level of activation as a more
developed representation, and thus, the accumulated history of activation over theA-trials

will not result in as strong of a response bias. Admittedly, this was a modest effect given

that therewas no significant difference between the proportion of infants committing the

search error in Experiments 1 (contralateral familiarization) and 2 (ipsilateral familiariza-

tion). Nevertheless, the results are bolstered by the significant differences in first looks to

the A- and B- locations, which, as we previously argued, suggests that the majority of

infants anticipated that the experimenter would search in the incorrect location in

Experiment 1, but such anticipation was not present in Experiment 2. These visual
anticipations are consistent with infants’ understanding the goal of an action and follow

from their mapping an observed action onto their motor representation (Gredeb€ack &

Falck-Ytter, 2015). As contralateral reaching continues to develop, we would expect that

infants’ likelihood of committing a search error on this taskwould increase because of the

concomitant increase in the activation of the motor representation.

These results showing the effects of brief experiences on infants’ performance

converge with previous findings showing that perceptual input modifies motor

representations (e.g., Legerstee & Markova, 2008; Meltzoff, 1995). As such, researchers
must consider that the state of the infant during an experiment is dynamic rather than

static and that learning can occur from the beginning to the end of an experiment

(Bertenthal, Gredeb€ack, & Boyer, 2013). Even neonates show improvements in

performance with repeated observations. For example, Meltzoff and Moore (1983)

reported that the amplitude and accuracy of neonatal imitation increased with repeated

observations of themodel, thus suggesting that theirmotor representations change in real

time with additional visual experience. More generally, infants change their focus of

attention from one trial to the next, and the information encoded interactswith both their
prior knowledge and their actions (Call & Carpenter, 2002). It is thus important to

acknowledge that infants’ motor representations and performance will sometimes

change during a study as a direct consequence of the experience acquired during the

testing session.

The findings from the current study also represent a challenge to recent claims that

observational learning is insufficient for infants’ learning about goal-directed actions. For

instance, Sommerville, Hildebrand, and Crane (2008) found that 10-month-old infants’

ability to identify the goal of a novelmeans-end task increased following active experience
with the task, but not after observational experience seeing another person perform the

task (see also Gerson & Woodward, 2012). By contrast, infants in Experiment 1 of the

current study merely observed the experimenter perform goal-directed actions, which

was sufficient to result in an above chance likelihood of showing a search error on the

B-trial of the search task. In order to avoid any misunderstanding, we do not disagree that

active experience is often more successful in facilitating action understanding than

passive experience because, among other things, it demands greater attention to the

critical features of the action (Bertenthal & Boyer, 2015; Ristic & Enns, 2015). Indeed,
infants’ search errors are typically higher following active than passive A-trials in theA-not-

B search paradigm (Landers, 1971; Longo & Bertenthal, 2006), and it is feasible that a

familiarization protocol that required infants to perform active contralateral reaches

would have been even more effective than the observational familiarization procedure

used here. For the current study, however, observational learning was sufficient, perhaps
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because the social communicative cues used by the experimenter also increased the

likelihood of infants attending to the critical information about the actions (Bertenthal &

Boyer, 2015; Csibra & Gergely, 2009, 2011).

In conclusion, motor representations include both movements and goals. When
infants observe others’ reaching actions, they map both the movement and the goal

onto their motor representation. The motor representations develop slower for

contralateral than for ipsilateral reaching, but they can be primed with brief

observational experiences that direct attention to critical features of the action. These

features must include whether the reach is performed ipsilaterally or contralaterally,

and without this matching movement information, there is no evidence that the

observed action is mapped to the infant’s motor representation. These findings

contribute to the emerging literature on the development of action understanding by
suggesting that infants’ mapping observed actions to motor representations is

facilitated by brief, but salient, visual experiences with these actions.
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