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1 Introduction

Imitation serves as an especially powerful means
of learning in early childhood. Children learn novel be⁃
haviors by observing other people[1，2] . For example, one
study has shown that 14-month-old infants who watch
an adult illuminate a light box by bending her forehead
can reproduce this novel act one week later[3]. 18-
month-olds can copy a model’s behavior of touching a
buzzer’s button with a tool to make it sound[4]. Imita⁃
tion not only serves a learning function, children also
use imitation socially[5], such as in communicating with
a partner. 14-month-olds looked toward and smiled at
an adult who mimicked them more than at an adult who
produces different actions.

Recently, a large number of studies have shown
that children not only copy causally relevant actions,
they also faithfully copy actions that are causally irrele⁃
vant to the demonstration. For example, three- year-
olds banged a stick on the top of a box even when it
was clear that this action was irrelevant to opening a
door and getting a reward. By contrast, chimpanzees
skipped the irrelevant actions and acted more efficient⁃
ly by immediately opening the door to retrieve the re⁃
ward[6]. This phenomenon has been dubbed“overimita⁃
tion.”[7- 9] Overimitation has been identified in several
highly distinct cultures[8，10，11], although it rarely occurs
in the animal kingdom[12，13].

There are two different explanations of overimita⁃
tion. First, social- motivational explanations propose
that children overimitate because they have a strong
motivation for affiliating with the model[4，14], meeting
the expectations of the demonstrator[7], or desire to be
like adults and share their experiences with other indi⁃
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员先后使用四个行为获取目标物，前三个行为与获取目标物无关，仅有第四个行为是获取目标物所必须的。主要观

测儿童在多大程度上会模仿实验人员所使用的无关行为。结果：①实验组听障儿童比控制组听障儿童更多产生无
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viduals[15]. Second, social- cognitive explanations pro⁃
pose that when children observe a model performing ac⁃
tions intentionally, they automatically encode all the ac⁃
tions as causally necessary for reaching the goal[7]. Chil⁃
dren may not understand the causal relationship be⁃
tween the irrelevant actions and the goal, and as a re⁃
sult they copy everything the adult does[6，16].

Recently, researchers have begun examining
whether children with autism and other developmental
disabilities also overimitate[17- 20]. Some studies have
found that children with autism do not overimitate[17，18].
In Marsh’s study[17], the rate of causally unnecessary
behavior reproduced by children with autism was only
half that of typically developing children. There are two
possible reasons for this: (1)children with autism lack
social motivation for affiliating with the model or meet⁃
ing the model’s expectations[18], or (2)children with au⁃
tism have difficulty with social cognition, for example,
they lack the ability to understand the goals of others’
actions and infer mental states[21，22].

To date, no study has directly investigated wheth⁃
er hearing-impaired children also overimitate. Hear⁃
ing-impaired children also have both social-motiva⁃
tion and social- cognitive difficulties. Therefore, it
would be interesting to investigate whether they, like
children with autism, also lack the ability to overimi⁃
tate. First, hearing-impaired children often experience
a language delay of several years in comparison with
normal-hearing children[23，24]. This delay often leads to
a relative lack of social and communicative skills, and
a lack of social skills could result in the hear-impaired
children lacking the motivation to actively interact with
others[25，26].

Second, hearing-impaired children appear to
have difficulties with social cognition. Theory of mind
(ToM), an ability to understand how mental states like
thoughts, intentions, and beliefs shape behavior, is usu⁃
ally seriously delayed in hearing- impaired children[27-

29]. This may be because these children lack opportuni⁃
ties to discuss their thoughts and feelings with their
normal- hearing parents early in life[30]. Imitation is a
precursor to ToM, and there are commonalties between
imitation and ToM tasks, as both of them involve under⁃
standing an individual’s perspective through the obser⁃
vation of that person’s actions[31]. Thus, hearing- im⁃

paired children may show lower levels of overimitation
than normal-hearing children because of both social-
motivation and social-cognitive difficulties.
2 Method

2.1 Participants
The experiment included 23 children with a CI or

HA(12 boys) from Xuzhou Special Education School.
In addition, the study included 23 children with normal
hearing from a local kindergarten(12 boys). The results
showed no significant difference between the mean ag⁃
es of the normal- hearing children(Mage=52.22 months,
SD=5.19 months) and the children with a CI or HA
(Mage=54.26 months, SD=10.64 months), t(44)=0.77, P=
0.45. All the 23 children with a CI or HA had over half
a year of CI or HA experience and language rehabilita⁃
tion. None of the children had an additional disability
(such as blindness or autism). All the children had pre-
lingual deafness and did not know sign language.
2.2 Materials

Four novel objects were manufactured. The ob⁃
jects include a snap container, a pop- up canister, a
flashlight, and a doorbell. For each object, the first
three target acts are causally irrelevant(e.g., A1-A3),
whereas only the fourth act is relevant to achieve the fi⁃
nal outcome(e.g., A4) (Figure 1).
2.3 Procedure

Children were tested individually in a separate
room at their school, and their behaviors were video⁃
taped individually for subsequent scoring. Each child
was randomly assigned to the demonstration group or
the baseline group. Two factors were counterbalanced
among the groups: (a)child’s gender, (b)objects presen⁃
tation order(Snap container, Pop- up Canister, Flash⁃
light, vs. Doorbell). The objects were presented in four
counterbalanced orders.
2.3.1 Demonstration group The experimenter drew
the child’s attention by saying,“Today we are going to
play a game. It’s my turn first. Then it will be your
turn”. There are totally four imitation trials, one from
each object. For each trial, the first three acts were
causally irrelevant. Only the fourth act was causally rel⁃
evant to achieving the desire outcome(Figure 1). The ir⁃
relevant acts demonstrated by the adult were novel, ar⁃
bitrary, independently, and not causally necessary for
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opening the object and retrieving the desirable toy in⁃
side it(e.g., the snap container can simply be pulled
open using one’s hand). However, it is plausible that

all the irrelevant acts were required for completing the
outcome.

Figure 1 Photos of objects used in the experiment and the acts demonstrated on each object

2.3.2 Baseline group Children in this group re⁃
ceived no demonstration, in order to assess the proba⁃
bility that they would spontaneously produce the target
acts on their own with no demonstration.
2.3.3 Test phase After each demonstration, the ex⁃
perimenter removed the object from the children’s
viewpoint and reset it. Then she handed children the
object to find out if they would reproduce the model’s
irrelevant actions before retrieving the toy. A total of
four imitation trials took place, with one for each ob⁃
ject. The children in the baseline group received no
demonstration and participated only in the test phase.
For each group, the children were allowed to play with
each object for 30 seconds.
2.4 Scoring and Dependent Measures
2.4.1 Imitation of irrelevant acts score Three irrele⁃
vant actions were associated with each object. Children
obtained one point for each irrelevant act they per⁃
formed on each object during the 30s response period.
The resulting imitation of irrelevant acts score ranged
from 0 to 12(4 objects were used and 3 irrelevant acts

on each=0-12 score).
2.4.2 Imitation of relevant act score Children
would get a 1 if they reproduced the relevant(final out⁃
come) act for each object. However, they would get a 0
for a particular object if they did not carry out that ac⁃
tion. As a result, the total scores ranged from 0 to 4,
since there were four objects.
2.4.3 Imitation of serial order score The three irrel⁃
evant acts for each object were done in a particular seri⁃
al order(Irrelevant act 1 →Irrelevant act 2 →Irrelevant
act 3). We gave a point for any correct sequence pair(e.
g., 1-2; 2-3; 1-3) as well as for generating the entire
sequence 1-2-3. However, they would not get credit if
they did only a single act or did two or three acts out of
order(e.g., 3- 2). The total serial order score ranged
from 0 to 4.
2.4.4 Attention score A frame-by- frame analysis
of the video was conducted to test for differences in
children’s attention to the adult’s demonstration. For
each frame, children’s attention were scored based on
whether they looking at or looking away from the dem⁃
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onstration(including the experimenter and object). The
attention score was computed by the formula: the total
time a child looking at the demonstration/(the total
time a child looking at the demonstration + the total
time a child looking away from the demonstration).

Two research assistants who remained uninformed
of the participant’s group assignment and the study hy⁃
potheses coded the data. Intercoder agreement was as⁃
sessed by Cohen’s kappa(0.92).
3 Results

Preliminary analyses showed no significant effects
of the child’s gender or the order in which the stimuli
were presented. In addition, no significant difference
was found in the percentage of children’s looking time
between children with a CI or HA and normal-hearing
children. We collapsed these factors in all subsequent
analyses.
3.1 Imitation of irrelevant acts

Children’s imitation of irrelevant acts score was
analyzed using a 2(child type: children with a CI or HA
vs. normal-hearing children)×2(test group: experimen⁃
tal vs. baseline) analysis of variance(ANOVA). The re⁃
sults indicated that there was a significant main effect
of child type, F(1, 42)=18.11, P<0.001, η2P=0.30, show⁃
ing that the normal-hearing children were more likely
to produce the irrelevant acts than were the children
with a CI or HA.

The results also revealed a significant main effect
of the testing group, F(1, 42=54.62, P<0.001, η2P=0.57.
Specifically, children in the experimental group were
more likely to reproduce the irrelevant acts than were
children in the baseline group. Respectively, children
with a CI or HA in the experimental group reproduced
significantly more irrelevant actions than children in
the baseline group, t(21)=-4.61, P<0.001, d=1.90. The
normal-hearing children in the experimental group al⁃
so reproduced significantly more irrelevant actions
than children in the baseline group, t(21=- 6.40, P<
0.001, d=2.70 (Table 1).

There was no significant interaction between child
type and testing group, F(1, 42)=0.076, P=0.78. An in⁃
dependent sample t- test showed that in the baseline
group, the normal- hearing children produced signifi⁃
cantly more irrelevant acts than the children with a CI

or HA, t(22)=-3.57, P=0.002, d=1.46. Similarly, in the
experimental group, the normal-hearing children repro⁃
duced significantly more irrelevant acts than the chil⁃
dren with a CI or HA, t(20) =-2.54, P=0.019, d=1.08
(Table 1).

Table 1 Children’s reproduction of irrelevant
act, relevant act, and serial order as a function

of testing group and child type

3.2 Imitation of relevant acts
We also conducted a univariate analysis of vari⁃

ance on children’s imitation of the relevant act scores.
The results revealed a significant main effect of child
type, F(1, 42)=8.98, P=0.005,η2P=0.18, as well as a sig⁃
nificant main effect of testing group, F(1, 42)=12.64, P=
0.001, η2P=0.23. A significant interaction between
child type and testing group also was found, F(1, 42)=
5.41, P=0.025, η2P=0.11. A follow- up simple effect
test revealed no significant difference in the imitation
of relevant act scores of the experimental group be⁃
tween the normal- hearing children and the children
with a CI or HA(P=0.69). However, in the baseline
group, the normal- hearing children produced signifi⁃
cantly more relevant acts than the children with a CI or
HA(P<0.001) (Table 1).
3.3 Imitation of serial orders

Children’s imitation of serial order score was also
analyzed using a 2(child type: children with a CI or HA
vs. normal-hearing children)×2(test group: experimen⁃
tal vs. baseline) analysis of variance(ANOVA). The re⁃
sults indicated that there was no main effect of child
type, F(1, 42)=0.017, P=0.90. There was also no child
type × test group interaction, F(1, 42) =0.13, P=0.72.
However, there was a significant main effect of test
group, F(1, 42)=71.82, P<0.001, η2P=0.63. Children in
the experimental group were more likely to reproduce
the serial orders than were children in the baseline
group(Table 1).

Groups

Experimental group
Children with a CI or HA
Normal-hearing children
Control group
Children with a CI or HA
Normal-hearing children

Measure
Irrelevant act
M

7.36
10.36

1.58
5.00

(SD)

(3.70)
(1.29)

(2.19)
(2.49)

Relevant act
M

2.73
3.00

0.33
2.50

(SD)

(1.62)
(1.55)

0.89
(1.38)

Serial Order
M

3.27
3.45

0.25
0.17

(SD)

(2.37)
(0.69)

(0.62)
(0.39)
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4 Discussion

The main aim of the current study was to investi⁃
gate whether children with a CI or HA can overimitate.
The results showed that the children with a CI or HA in
the experimental group reproduced significantly more
irrelevant actions than children with a CI or HA in the
control group. Thus, we concluded that children with a
CI or HA could overimitate. Using a similar experimen⁃
tal paradigm, Gonsiorouski et al found that children
with autism reproduced 31.46% of a model’s irrele⁃
vant actions[17], whereas in the current study, hearing-
impaired children reproduced 61.33% of a model’s ir⁃
relevant actions. It is possible that children with hear⁃
ing impairments would be more likely to overimitate
than that of children with autism. However, we did not
directly compare the overimitation of hearing-impaired
children with that of children with autism. Future stud⁃
ies can use the same task to compare how hearing-im⁃
paired children and children with autism overimitate.

The results showed that children with a CI or HA
produced significantly fewer irrelevant actions than nor⁃
mal-hearing children did. It is possible that this is be⁃
cause children with a CI or HA have difficulty with so⁃
cial cognition. However, this may not be the case. First,
we found no significant difference in the scores for imi⁃
tation of relevant acts between the normal-hearing chil⁃
dren and those with a CI or HA in the experimental
group. Thus, it seems that the children with a CI or HA
could understand the goal of the demonstration. Sec⁃
ond, we found that in the experimental group, the chil⁃
dren with a CI or HA reproduced serial orders as often
as the normal- hearing children. This suggests that
their failure to reproduce as many irrelevant acts was
probably not due to poor memory. Third, we found no
significant difference between the children with a CI or
HA and the normal- hearing children in the attention
paid to the adult’s demonstration. This suggests that
the former groupⅥs failure to reproduce as many irrele⁃
vant acts was not because of poor attention.

We speculate that this result occurred mainly be⁃
cause the social motivation of the children with a CI or
HA was not as strong as that of the normal- hearing
children, as suggested by two key findings. First, chil⁃
dren with a CI or HA were less likely than normal-
hearing children to manipulate objects when allowed to

play freely with materials. Recalling that in the base⁃
line group, the children with a CI or HA performed sig⁃
nificantly fewer either irrelevant or relevant acts than
the normal- hearing children. Second, both the chil⁃
dren with a CI or HA and the normal-hearing children
in the experimental group saw the same demonstration,
but the children with a CI or HA still reproduced signif⁃
icantly fewer irrelevant actions than the normal-hear⁃
ing children did. In line with the previous findings[25，26],
these results indicate that children with a CI or HA
have weaker social- interaction motivation than nor⁃
mal- hearing children. Therefore, the results support
the social motivation hypothesis of overimition.

As one of the most important topics in the field of
social learning over the past decade[6，7，32，33], overimita⁃
tion has been verified in multiple cultures[8，10，11]. The
findings on overimitation help us to better understand
the social learning of children, including how they
learn the conventions, rituals, and customs of a particu⁃
lar culture[34，35]. So far, researchers have discovered lit⁃
tle about whether children with developmental disabili⁃
ties other than autism can overimitate. This study is the
first to investigate whether hearing- impaired children
can also overimitate. In doing so, it aids in our under⁃
standing how hearing-impaired children learn through
observation and what differences in imitation exist be⁃
tween hearing- impaired children and normal-hearing
children.
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