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Recent neurophysiological studies have shown that several human brain regions involved in executing actions are activated by
merely observing such actions via a human, and not by a mechanical hand. At a behavioral level, observing a human’s movements,
but not those of a robot, significantly interferes with ongoing executed movements. However, it is unclear whether the biological
tuning in the observation/execution matching system are functional during infancy. The present study examines whether a human’s
actions, and not a mechanical action, influence infants’ execution of the same actions due to the observation/execution matching
system. Twelve-month-old infants were given a searching task. In the tasks, infants observed an object hidden at location A, after
which either a human hand (human condition) or a mechanical one (mechanical condition) searched the object correctly. Next, the
object was hidden at location B and infants were allowed to search the object. We examined whether infants searched the object at
location B correctly. The results revealed that infants in the human condition were more likely to search location A than those in the
mechanical condition. Moreover, the results suggested that infants’ searching behaviors were affected by their observations of the
same actions by a human, but not a mechanical hand. Thus, it may be concluded that the observation/execution matching system

may be biologically tuned during infancy.

1. Introduction

It has been proposed that actions are intrinsically linked to
perception, and that imagining, observing, or in any way
representing an action, excites the motor programs used
to execute such actions. This proposal is originally derived
from James’ ideomotor theory [1] and recently developed
by Prinz’s common coding framework [2]. According to this
framework, the representation of a perceived action involves
simulative production of that action on the part of the
observer. This covert motor activation results in the observa-
tion of an action facilitating its execution. Neurophysiologi-
cal studies have supported the common coding framework
by showing that several brain regions (e.g., the primary
motor cortex) involved in executing actions are activated
by the mere observation of such actions, through what is

known as the mirror neuron in animals [3, 4] and the mirror
neuron system in human [5, 6]. Importantly, the mirror
neuron system can respond only to biological actions [7]. On
the behavioral level, the biological tuning leads to the fact
that observing a human’s arm movements, but not those of
a robot, significantly interferes with ongoing executed move-
ments [8, 9].

Given this evidence, it has been proposed that we should
understand another person’s actions through matching
between observed actions and internal motor repertories.
Biological tuning has been interpreted as suggesting that
non-biological actions are not part of behavioral repertories
and therefore we do not understand those actions through
matching processes [7, 10]. In other words, biological tuning
may be one important property in the observation/execution
matching system.



Developmental literature has reported that the observa-
tion/execution matching system can be functional during the
initial years of life. For example, Shimada and Hiraki [11]
showed that the neuroimaging data of the primary motor
cortex among six-month-old infants was activated when
observing another person’s actions. Falck-Ytter et al. [12]
reported that 12-month-old infants produced a proactive
goal-directed movement during the observation of another
person’s actions and suggested that this reflected that the
infants were able to map observed actions onto their internal
motor representations. Taken together, the developmental
research suggests that during the initial years of life infants,
can understand another person’s actions through the obser-
vation/execution matching system.

However, whether the observation/execution system in
infants is biologically tuned is still unclear. This is in spite
of the fact that biological tuning is a key aspect of the obser-
vation/matching system. There is some evidence that young
children’s observation/execution matching systems may be
biologically tuned, in which observing a human’s actions,
but not a mechanical action, affected the children’s execution
of the same actions [13, 14]. Moreover, in an infant study,
Kanakogi and Itakura [15] reported that infants’ motor skills
(grasping skills) were correlated with their ability to predict
another person’s goal of the same actions. Importantly,
the infants were able to predict the goal-directed actions
by a human hand, but not by a mechanical hand. The
results suggest that the observation/execution matching
system may be biologically tuned during the initial years
of life. Nevertheless, the correlational data was not sufficient
to draw a conclusion that the system might be biologically
tuned. Rather, as in behavioral studies among adults [9],
the functional dependency between the observation and
execution of the same actions should be addressed for
infants. If the infants’ matching systems are biologically
tuned, it may follow that observing a human’s actions,
but not mechanical actions, may interfere with the infants’
execution actions.

Recently, the possibility that the infants’ observation/
execution matching system might be biologically tuned was
reported from an A-not-B task [16, 17]. This task was
first developed by Piaget [18], and the phenomenon was
replicated and discussed by many researchers [19-21]. In
the searching task, infants correctly searched an object they
see hidden in one location (location A) and retrieved the
object, after which they were allowed to search for the object
hidden in the other location (location B). In the A-not-B task
situation, infants aged 8 to 12 months continued to search in
location A and were unable to retrieve the object in location
B correctly. There were several explanations regarding why
infants committed errors in the task, but many researchers
suggest that reaching experiences in location A would cause
the A-not-B errors [22-24].

Importantly, the “real” reaching behaviors were not
necessarily for the occurrence of the A-not-B errors. Longo
and Bertenthal [17] reported that the mere observation of an
experimenter’s reaching out toward location A caused A-not-
B like errors in infants. The researchers indicated that infants
simulated the experimenter’s searching behaviors at location
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A while observing, which caused the infants’ reaching out
toward location A in the B trials. Moreover, Boyer et al. [16]
showed that infants were unlikely to commit the A-not-B
errors after the observation of the actions performed by a
mechanical devise, and that the familiarity with the devise
may increase the likelihood for perseverative errors. Boyer
et al. suggested that infants were less likely to commit the
A-not-B errors when observing the actions by a mechanical
devise than by human agents. However, the researchers have
not directly compared the mechanical condition with the
human condition. That is, there were no human conditions
used in the previous study. To argue for biological tuning,
a direct comparison between the human condition and the
mechanical condition is needed. In addition, there were no
control conditions in the previous study. Without a control
condition, it was unclear whether infants’ searching errors
were due to the infants simply failing to search for objects or
that the observation in the A trials affected the infants’
performances in the B trials. The present study directly
examined whether observations of a human’s actions, and
not a mechanical action, induced infants’ searching errors.

In the present study, infants aged approximately 12
months observed either a human (human condition) or a
mechanical hand (mechanical condition) searching an object
at location A, after which they were allowed to search the
object at location B. Infants were given four consecutive A
trials, followed by four consecutive B trials. In addition to
the two experimental conditions, a control condition was
added. The control condition was the same as the human
condition except for the A trials. In the A trials of the control
condition, there was one cup instead of two cups used in
the human condition. For each condition, there were two
experimenters. The first experimenter hid the object and the
second experimenter retrieved the object using her hand or a
mechanical hand (Figure 1).

2. Materials and Method

2.1. Ethics Statement. Participants were recruited from nurs-
ery schools in Tokyo and Kyoto. Written informed consent
was obtained from the parents and teachers of children prior
to their involvement in the study. The study was conducted in
accordance with the principles of the Declaration of Helsinki
and the study design was approved by the ethics review board
at the University of Tokyo.

2.2.  Participants. Forty-two twelve-month-old infants
(mean = 12.1, SD = 0.4; twenty-four boys and eighteen girls)
participated in the study. Of these, seven infants were not
included in the final data because of a failure to observe
the demonstration (four), fussiness (one), and reaching out
toward both locations simultaneously (two). The remainder
of the infants were randomly assigned to three conditions: a
human condition (N = 12, five girls), a mechanical condition
(N =11, six girls), and a control condition (N =12, four
girls). There were no significant differences in age (in weeks)
between conditions. Parents provided written informed
consent and were informed verbally of the purpose of the
study.



Child Development Research

(b)

FiGuUrE 1: Infants observed either (a) a human or (b) a mechanical hand searching a toy.

2.3. Stimuli and Procedure. The experimental apparatus con-
sisted of a tray with two cups placed on it. The cups were
placed 10.0 cm apart.

Infants were seated on their mother’s lap in front of a
table and allowed to play with a toy (a cartoon character) for
several seconds. Three warm-up trials were administered by
an experimenter using procedures by Smith et al. [23] and
Longo and Bertenthal [17]. On the first warm-up trial, the
toy was placed on top of a single cup, after which infants
were allowed to take the toy. During the second trial, the toy
was placed in the cup but left uncovered and infants were
required to get the toy. For the final trial, the toy was com-
pletely inside the cup, and infants were allowed to search for
the toy.

The experimental trials used a two-cup apparatus and
comprised four A trials and four B trials. Infants were first
given four consecutive A trials, followed by four consecutive
B trials. There were two experimenters in the experimental
trials. In the A trials of the human condition, the first
experimenter showed the toy to the infants and the second
experimenter hid it in one of the cups and waited for five
seconds. Thereafter, the tray and cups were presented to the
second experimenter. The second experimenter successfully
searched for the toy. Infants observed the second experi-
menter’s searching behavior (Figure 1(a)). The A-location of
the toy (right or left) was counterbalanced across infants. In
order to exclude the possibility that infants failed to observe
the second experimenter’s behaviors, in both trials, the toy
was waved in the air and the infants’ name was called to
attract their attention. In the B trials, infants were presented
with the tray with cups by the first experimenter in a similar
manner as done in the A trials and they were allowed to
search for the toy.

The mechanical condition was presented exactly in the
same manner as the human condition, except for in the A
trials. In these trials, infants observed a mechanical hand that
searched for the toy (Figure 1(b)). The mechanical hand was
operated by the second experimenter behind a screen, and
infants were unaware of the experimenter’s presence.

The control condition was the same as the human
condition, except in the A trials. In the A trials of the control
condition, there was one cup instead of two in the human

condition. The first experimenter showed the toy to the
infants and the second experimenter hid it inside the cup and
presented both the tray and cup. Infants observed the second
experimenter’s searching behavior.

Infants received a score of 1 when they successfully
searched for the toy in each of the B trials (0—4). If infants
did not show any searching behaviors fifteen seconds after the
tray was presented, the trials were excluded from the data. In
total, four trials from the human condition, seven trials from
the mechanical condition, and six trials from the control
condition were excluded from further analyses.

3. Results

Infants were given a score of 1 if they successfully searched
the toy in each of the B trials (0—4). The mean error rates
out of the trials where children produced searching behaviors
were calculated in each condition. If infants produced
searching behaviors on 4 trials and failed to search the toy on
2 trials, the error rate of the infants was 0.5. The results are
presented in Figure 2. We assume that the control condition
would evaluate “pure” infants’ searching abilities. Infants
in the control condition observed the searching behaviors
by the second experimenter in the A trials; however, the
experimenter’s behaviors did not provide any biases with
infants’ behaviors in the B trials because there was only
one cup in the A trials of the control condition. In the
control condition, infants were able to search the toy rather
easily (mean error rate = 15.5%). On the other hand, infants’
behaviors in the human control condition were strongly
affected by observing the second experimenter’s behaviors.
They performed only 50.0% of the B trials correctly, which
was consistent with previous results that observing another
person’s behaviors could induce A-not-B like errors. Finally,
interestingly, infants’ performances in the mechanical condi-
tion were similar to those in the control condition. Infants in
the mechanical condition had an error rate of 20.5% in the B
trials.

The mean error rates was analyzed using a one-way
ANOVA, and we observed a significant main effect of condi-
tion, F(2, 32) = 4.126, P < .02. The post hoc analyses using
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F1GURE 2: The mean error rates in the B trials in each condition. The
bar indicates the standard error.

Tukey’s HSD revealed that infants in the human condition
performed the B trials significantly worse than those in the
control conditions (P < .05). There were marginal differ-
ences between the human condition and the mechanical
condition (P < .09), but no significant differences between
the mechanical condition and the control condition.

Further, we also examined whether the error rates of
infants in each condition were significantly different from
what would have been expected to occur by chance. The
chance level for each trial was 50%; therefore, the score
expected by chance was 2 in the B trials. A one-sample ¢-test
revealed that infants in the human condition performed at
chance level in the B trials, £(12) = 0.000, P > .99, whereas the
infants in the mechanical and control conditions correctly
searched the toy in the B trials below chance level, #(11) =
3.633, P <.001 and #(12) =4.080, P < .001, respectively.

Finally, we examined whether there were some learning
effects in the B trials. We divided the four B trials into the first
two and second two trials and compared the performances.
The results revealed no significant differences between
conditions (P >.10).

4. Discussion

The present study examined whether observing another
person’s actions, and not a mechanical action, interfered in
infants’ execution of the same actions using the A-not-B task.
Previous studies showed that infants were likely to commit
perseverative errors after the observation of a human’s
actions, but observation of the mechanical actions may not
induce these errors [16, 17]. However, there were no direct
comparisons between them. The results revealed that 12-
month-old infants committed searching errors after observ-
ing a human’s actions, but not mechanical actions. That
is, after infants observed another person searching for an
object at location A, infants tended to search it at location A,
even though the object was at location B. On the other
hand, infants successfully retrieved the object after observing
a mechanical hand searching the object at location B.
The results suggested that infants’ observation/execution
matching systems might be biologically tuned during the
initial years of life.
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One can argue that infants pay more attention to the
human’s actions, but not to the mechanical hand’s actions in
the A trials, which might explain the different results between
the conditions. However, in this experiment, we carefully
monitored an infant’s gazing behavior during the A trials
and excluded the trials where the infants did not observe the
demonstration in both conditions from the final analyses. At
least at the observable level, it is unlikely that infants paid
more attention to the human’s actions but not to those of the
mechanical hand in the A trials.

The results in the present study are generally consis-
tent with the evidence regarding the observation/execution
matching system during infancy. On the behavioral level,
Sommerville et al. [25] revealed that the action experience
among three-month-old infants facilitated their perception
of another person’s actions. Falck-Ytter et al. [12] reported
that 12-month-old infants produced a proactive goal-
directed movement during the observation of another per-
son’s actions. At the neural level, the mirror neuron system
might be functional during the initial years of life. Shimada
and Hiraki [11] showed that six-month-old infants activated
the primary motor cortex when observing another person’s
actions. Southgate et al. [26] recorded nine-month-old
infants’ electroencephalographs (EEGs) during their reach-
ing and observation of the actions and found that the motor
activities during observation was also similar during execu-
tion.

The critical property of the observation/execution
matching system may be biological tuning. In this regard,
there was little evidence during infancy. At the perceptual
level, Woodward [27] showed that six-month-old infants
attributed the goal to a human’s actions, but not a mechanical
hand’s actions. Kanakogi and Itakura [15] reported that six-
month-old infants were able to predict goal-directed actions
by a human hand, but not by a mechanical hand. The infants’
ability to predict another person’s goal is correlated with
their ability to perform the same actions. Moreover, Longo
and Bertenthal [17] showed that infants’ searching behaviors
were strongly affected by their observation of the same
actions by another person. Boyer et al. [16] reported that
infants were unlikely to commit the errors after observation
of mechanical actions. The present study directly compared
the effects of human actions with those of mechanical ones
and found that infants committed the errors after the obser-
vation of human actions, but not mechanical actions. Taken
together, the results indicate that the observation/execution
system may be biologically tuned during infancy.
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