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Human beings are social animals, with the 
importance we place on social connection 
being integral to our success as a species 
(Heerey, 2015; Lakin et  al., 2003; Simpson 
et al., 2016). We learn many of our social and 
cognitive abilities by observing and copying 
what others do (Legare and Nielsen, 2015). 
As such, imitation plays a huge part in the 
way we learn, communicate, and engage 
with others in our social world. Indeed, some 
argue that the ability to imitate is present 
from birth (Meltzoff, 2007; Simpson et  al., 
2014). Yet, the evidence for neonatal imita-
tion remains unconvincing (Oostenbroek 
et  al., 2016). Although some researchers 
report observing imitation in the first weeks 
of life (e.g., Meltzoff and Moore, 1977, 
1983; Reissland, 1988), these reports may be 
a result of statistical and/or methodological 
artifacts. Alternatively, they could also repre-
sent a small subset of infants who have 
learned to engage in such a way. Although 
there remains no direct evidence that the 
capacity for imitation is inborn, there is 

much evidence to demonstrate that humans 
learn to imitate in the context of social inter-
action (Catmur et al., 2009; Ray and Heyes, 
2011). In this chapter, we discuss the role of 
individual differences by exploring the imita-
tion literature to date, the genetic evidence 
regarding its expression, how infants might 
learn to imitate, and by presenting two stud-
ies that investigate the underlying cause of 
these differences.

THE ELUSIVE CASE OF NEONATAL 
IMITATION

Whether newborns have an ability to imitate 
has been the focus of considerable research 
effort over the past four decades. Dozens of 
studies have attempted to document the phe-
nomenon, using a range of gestures (e.g., 
index protrusion, blinking, head movements) 
presented to infants of different ages. Despite 
the enthusiasm with which this topic has 
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been approached, evidence for neonatal imi-
tation remains elusive, with studies produc-
ing both positive (e.g., Field et  al., 1982, 
1983; Meltzoff and Moore, 1989, 1992; 
Reissland, 1988; Vinter, 1986) and negative 
results (e.g., Hayes and Watson, 1981; 
Koepke et  al., 1983; McKenzie and Over, 
1983; Oostenbroek et al., 2016). Regardless 
of the inability to conclusively identify its 
existence, several authors are adamant that 
their studies demonstrate evidence of new-
borns’ imitative behaviors (Field, 1982; 
Heimann et al., 1989). However, in a recent 
large-scale longitudinal study, Oostenbroek 
et al. (2016) charted the developmental tra-
jectory of neonatal imitation. Testing 106 
infants across four different time points (one, 
three, six, and nine weeks of age), they 
found no evidence of imitation at the group 
level or of intra-individual consistency in 
imitative responses across the neonatal 
period. This leaves the most liberal interpre-
tation of neonatal imitation being that if it is 
indeed a phenomenon, it is at the least one 
that is both weak and fragile (Heimann, 
2002). This variability in infants’ responses 
through the course of early infancy could 
point to environmental factors playing a role 
in ‘imitative’ expression. Specifically, these 
differences may develop throughout early 
infancy as a result of early parent–infant 
interaction. Although there is no clear evi-
dence for individual differences in imitation 
or an association between parental interac-
tion and imitation, it is time these are more 
thoroughly investigated. If any such evi-
dence is uncovered, it could be informative 
regarding later social-cognitive maturation 
and development.

GENETIC EVIDENCE?

Proponents of neonatal imitation favor the 
view that infants have an innate ability to 
compare the sensory information of a 

visually perceived expression (e.g., an adult 
producing facial gestures) with the proprio-
ceptive feedback of the motor movements 
involved in matching that expression. 
However, if infants are born with the capac-
ity to imitate, why do not all infants demon-
strate it? A possible explanation is that there 
are individual differences in the degree to 
which infants imitate, and these differences 
are underpinned by environmental influ-
ences. It is implausible to conclude that 
imitation is a function of genetic influence 
alone, yet this does not presuppose that 
there exists no genetic influence on its 
development. Instead, imitation may be a 
result of underlying predispositions that are 
‘activated’ or influenced by social interac-
tion with caregivers (Heyes, 2016b). 
McEwen et al. (2007) explored this by look-
ing at the imitation and ‘socially insightful 
behavior’ of a large community-based twin 
sample. After testing 5,206 two-year-old 
twin pairs, they found that 30% of the vari-
ance could be attributed to genetic factors; 
although, the authors caution that this could 
easily be accounted for by more basic per-
ceptual or motivational factors. Meanwhile, 
the largest amount of variance (42%) was 
accounted for by environment influences. 
This demonstrates that, although there may 
not be a genetically inherited neurocognitive 
mechanism for imitation, there is another 
avenue through which we might ‘inherit’ 
our imitative skills. Imitation is often used 
by parents as a way to socially interact with 
their infants (Jones and Yoshida, 2011), and 
both infants and parents who are socially 
motivated may be more likely to use imita-
tion during these interactions in the first 
place (McEwen et al., 2007).

ASSOCIATIVE SEQUENCE LEARNING

An avenue through which infants may 
learn to imitate is described by the 
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Associative Sequence Learning (ASL) 
model, which suggests that the underlying 
capacity for imitation is not a specific or 
innate mechanism but instead part of a gen-
eral process of associative learning (Catmur 
et al., 2009; Heyes, 2016a; Ray and Heyes, 
2011). The ASL model offers three key 
components in support of this perspective. 
First, infants’ accuracy of imitation and 
range of imitative gestures improves over 
time as they gain more experience observ-
ing and executing the same actions (e.g., 
Abravanel et al., 1976; Jones, 2007; Killen 
and Uzgiris, 2006). Second, the types of 
actions that infants perform first are the 
ones they are more likely to have had the 
most experience of both seeing and doing 
(e.g., Kaye and Marcus, 1978; Piaget, 
1945). Finally, individual variation in the 
development of imitation depends on imi-
tation experience and the quality of the 
reciprocal ‘seeing–doing’ social interac-
tions that infants have received (e.g., Field 
et al., 2005; McEwen et al., 2007).

It is common for parents to enthusiasti-
cally engage in imitative interactions, and 
parents regularly react with effusive positiv-
ity when their infant’s behavior matches their 
own (Ray and Heyes, 2011). For example, 
Pawlby (1977) found that mothers reacted 
to infant ‘imitation’ (real or imagined) 
with delight, smiles, and a sense of encour-
agement. Catmur et  al. (2009) argue that 
responding with encouragement and enthusi-
asm to imitation and imitative-like behaviors 
increases the frequency of infants’ behavioral 
matching by fostering the learning of match-
ing associations between sensory and motor 
information. As infants develop, the fre-
quency and range of the imitative behaviors 
increase, and mothers take this opportunity 
to also increase the rate at which they imitate 
their infants (Flynn et al., 2004; Uzgiris et al., 
1989). According to the ASL model, although 
reward is not necessary to create sensory and 
motor associations, it dramatically enhances 
the rate of learning.

Potential Explanations for 
Individual Differences in Infant 
Imitation

Despite the theorized importance of imita-
tion (Meltzoff, 2007; Meltzoff and Decety, 
2003), the origins of individual differences 
in imitation have not, so far, been a focus of 
research (Flynn et al., 2004). The aim of the 
studies presented in this chapter is to investi-
gate individual differences in infant imitation 
and examine their potential correlates. The 
first study sought to examine individual dif-
ferences in relation to breastfeeding. Given 
that oral gestures are more likely to be imi-
tated by newborn infants than any other ges-
ture (Anisfeld, 1991; Anisfeld et  al., 2001; 
Heimann et  al., 1989; Streri et  al., 2012), 
what makes these special? To effectively feed, 
infants must latch properly onto their moth-
er’s breast, requiring the effective positioning 
of the mouth and tongue. Consequently, it 
has been suggested that variance in infants’ 
imitation of oral gestures may be related to 
breastfeeding (Jacobson, 1979).

The second study investigated an alterna-
tive explanation that the variation in infants’ 
imitative responses may instead develop 
within the context of the parent–infant rela-
tionship. Bjorklund (1987) has proposed 
that neonatal imitation is used by infants to 
socially engage with their caregiver until 
the infant can participate in more sophisti-
cated social interactions. From the parent 
perspective, a newborn appearing to copy 
their actions can be viewed as responsive and 
communicative, thereby prompting parents 
to create opportunities for their infant to imi-
tate. Interpreting their newborn’s behavior as 
imitative may also lead to increased feelings 
of affection, such that imitative exchanges 
might encourage parental engagement 
(Locke, 2006) and foster an increased sense 
of understanding, manifesting in strength-
ened bonds and feelings of parental efficacy. 
Neither of the above theories have ever been 
empirically tested. Here, we examine whether 
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breastfeeding and/or bonding either cause  
or predict individual differences in infants’ 
imitative responses.

STUDY 1: BREASTFEEDING AS AN 
EXPLANATION FOR INDIVIDUAL 
VARIATION IN ORAL GESTURE 
IMITATION

Previous research has suggested that oral 
gestures are more likely to be imitated by 
newborn infants than any other (Heimann 
et  al., 1989). Additionally, great individual 
variance has been reported regarding the 
rate to which infants imitate these (e.g., 
Heimann, 2002; Heimann et  al., 1989). 
When investigating explanations for under-
lying causes of this variance, we must con-
sider the development of the motor 
movements required to produce these oral 
gestures. Feeding is an activity in which all 
infants engage and relies on the successfully 
articulated movements of the mouth and 
tongue (Wallace and Clarke, 2006). Infants 
who are better feeders often have more con-
trol over their tongue and mouth, and this 
may, in turn, influence their rates of facial 
imitation. Conversely, oral imitation may 
offer a means for infants who have immature 
sucking and/or swallowing mechanisms to 
practice and refine their motor skills, thereby 
improving the maturation of the aerodiges-
tive tract (Keven and Akins, 2017). 
Successful latching and suckling is of criti-
cal importance to infant survival, involving 
highly complex motor sequences in which 
the tongue is an integral component 
(Edmunds et al., 2011; Geddes et al., 2008).

The ASL model explains that the types 
of actions that infants perform first are the 
ones with which they are more likely to 
have had the most experience of both see-
ing and doing (Kaye and Marcus, 1978; Ray 
and Heyes, 2011). Oral gestures, specifically 
tongue protrusion, are gestures which new-
born infants have vast experience producing. 

To date, only one published study has exam-
ined the relationship between imitation and 
breastfeeding. Jacobson (1979) presented 
24 full-term infants at six, ten, and 14 
weeks of age with five stimuli in an effort 
to elicit tongue protrusion responses: adult 
tongue protrusions, hand opening and clos-
ing, a white ball and black pen slowly mov-
ing towards and then away from the infant’s 
face, and an orange plastic ring on a string 
dangled above the infant’s head. Jacobson 
reported that infants who were breastfed 
had a tendency to exhibit more ‘long’ (last-
ing more than .50 seconds) but not ‘short’ 
(lasting less than .50 seconds) tongue protru-
sions in response to the experimental stimuli 
at all time points. Based on these findings, 
Jacobson concluded that tongue-protrusion 
responses may serve an adaptive function 
related to feeding. An alternative interpre-
tation is that breastfeeding may shape and 
influence the development of imitation.

As such, the study reported here aimed to 
explore this notion that differences in infants’ 
imitative responses may be influenced by 
breastfeeding. As successful breastfeeding 
may be associated with greater motor con-
trol over tongue and mouth movements, we 
hypothesized that infants’ imitation of oral 
gestures would be positively associated with 
mothers’ self-reported confidence in breast-
feeding abilities and negatively associated 
with mothers’ self-reported difficulty estab-
lishing breastfeeding.

Method

Participants
Thirty-six infants (n = 25 female, n = 11 male) 
were tested on an imitation task at one week 
of age (M = 8.31 days, SD = 1.74). The major-
ity were Caucasian (n = 34 Caucasian, n = 2 
Asian), of normal birth weight (≥ 2500 g,  
M = 3612.92 g, SD = 0.42) and gestational age 
(≥ 37 weeks, M = 39.96 weeks, SD = 1.08). 
Thirty-five infants were breastfed, with one 
infant bottle-fed at the time of testing.
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Measures
Breastfeeding Self-Efficacy Scale (Short 
Form). An adapted version of the 
Breastfeeding Self-Efficacy Scale, Short 
Form (BSES-SF; Dennis, 2003) was used to 
evaluate participants’ breastfeeding experi-
ences. The BSES-SF is a well-established 
scale and the adapted version had good inter-
nal consistency (α = .88). The adapted ver-
sion had 16 of the original 33 items that were 
preceded by the phrase ‘I can always’ (e.g., 
‘I can always determine that my baby is get-
ting enough milk’). Responses were anchored 
using scales ranging from 1 (not at all confi-
dent) and 5 (always confident). The items 
used in the adapted scale were selected as 
they focused on the mother–infant dynamic 
during feeding as opposed to external factors. 
Mothers’ responses were computed into a 
single index of breastfeeding efficacy. In 
addition to the BSES-SF items, a further  
12 qualitative items were generated to 
directly address the research questions of this 
study. Of these 12 qualitative items, five were 
individually analyzed for this study. Three of 
these items were related to breastfeeding 
specifically: ‘On a scale of 1 (no trouble at 
all) to 5 (very difficult), how easy was it for 
you to get your baby to latch?’, ‘On a scale 
of 1 to 5, how hard was it to get breastfeeding 
established in the first days and weeks of 
your baby’s life?’, and ‘When breastfeeding, 
does your baby appear to have trouble suck-
ing and swallowing?’ Two additional ques-
tions were included after testing had begun to 
further examine the role oral gesture mode-
ling might play. Twenty-two mothers were 
asked: ‘Do you ever open your mouth or 
poke your tongue out at your baby to help 
with latching/breastfeeding?’ and ‘Do you 
ever open your mouth or poke your tongue 
out at your baby to engage or communicate 
with your baby?’

Imitation task
Infant imitation was assessed at one week of 
age. The first author tested each infant in the 
family home when infants were in a quiet, 

alert state. During testing, infants were 
placed on the experimenter’s lap with their 
heads supported by her hand. A video camera 
recorded the infant’s face, torso, and hands 
and a second camera recorded the experi-
menter’s modeled gestures. With fussy 
infants, either a break in testing was allowed 
or the imitation task was rescheduled for 
another day. Four gestures were presented 
within a four-minute framework. These were: 
(1) tongue protrusion (TP); (2) mouth open-
ing (MO); (3) the end of a wooden spoon 
protruding through a tube (TUBE); and (4) 
opening and shutting of a small box (BOX). 
The TUBE and BOX gestures were included 
as non-social approximations of the social 
gestures. These two non-social stimuli were 
included to address the reflex hypothesis (see 
Anisfeld, 1991, 1996) and arousal hypothesis 
(see Jones, 1996, 2006). Presentation of the 
gestures was counterbalanced and arranged 
to alternate between the mouth and tongue 
(i.e., TP and BOX, and MO and TUBE were 
presented in alternating pairs).

When presenting the TP gesture, the 
experimenter protruded her tongue such that 
it came between, and then extended beyond, 
her lips. The experimenter’s MO gesture 
began with a closed mouth that opened with 
an abrupt jaw drop, opened wide and then 
closed. When presenting the TUBE gesture, 
a cardboard tube with a length of 10 cm and 
a diameter of 4 cm was held by the experi-
menter as she moved the wooden spoon 
through the tube, whereby the spoon’s handle 
extended approximately 10 cm past the end 
of the tube. The BOX gesture was modeled 
by opening the lid of a red box approximately 
45 degrees and then closing. The box meas-
ured 15 cm long, 10 cm wide, and 8 cm high, 
as seen in Figure 21.1.

Each gesture was modeled five times at 
three-second intervals, followed by a 15- 
second passive interval. Passive intervals for 
the social gestures consisted of the experi-
menter presenting a neutral and still face. 
For the non-social gestures, the experimenter 
held the BOX still, and closed, and held the 
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TUBE still, and without the spoon extended. 
Each gesture and passive interval was pre-
sented twice, resulting in a total of 30 seconds 
of modeling with an additional 30 seconds 
of the passive display. This follows the 
same burst–pause procedure as described by 
Meltzoff and Moore (1983), which has been 
suggested to be the most effective method to 
elicit imitation in newborns.

Coding
Imitation responses were coded from video 
by the first author. As the footage consisted 
of close-up images of the infant’s face and 
torso, with no record of the experimenter’s 
facial display, the coder was blind to the ges-
tures modeled. Moreover, all video footage 
was de-identified at the time of coding, and 
all footage was coded several months after 
collection, rendering it unlikely that the spe-
cific infant would be recalled. For each 

infant, performance of both target behaviors 
(MO and TP) was noted by recording the 
time at which the onset of the behavior 
occurred. Then, using the corresponding 
experimenter footage, blocks of the modeled 
gestures and passive intervals for each infant 
were identified to determine which gesture 
the infant was viewing and to match infant 
responses to gestures modeled by the experi-
menter. Given the immaturity of motor skills 
at one week of age, the coding scheme did 
not distinguish between complete and partial 
responses. Following Meltzoff and Moore 
(1983), an infant’s tongue protrusion was 
operationally defined as a clear forward 
thrust of the tongue, such that the tongue tip 
came between the lips or beyond. A mouth 
opening was defined as a closed or semi-
open mouth that opened with an abrupt jaw 
drop and then closed, or attempted to close, 
with the height of the open mouth being 

Figure 21.1 The four social and non-social gestures, as modeled by experimenter: (a) tongue 
protrusion; (b) mouth opening; (c) box; (d) tube
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greater than the width of the mouth. Target 
behaviors were not coded if the infants had 
their hands, fingers, or toes in their mouth or if 
they accompanied yawns, sneezes, crying, or 
fussing. Target actions were only coded when 
the infant was looking at the model with full 
attention. A two-second leeway was given, 
such that if the infant looked away from the 
model but returned their gaze within two sec-
onds, the action was coded. Across the 36 
observations, infant state was coded using the 
Brazelton Neonatal Behavioural Assessment 
Scale (Brazelton and Nugent, 1995). The 
majority of infants were deemed to be Alert 
(68.30%), with the rest of the infants coded as 
either Drowsy (18.40%) or Active/Agitated 
(13.30%). No differences in imitative responses 
were observed as a function of infant state. A 
second judge, blind to the aims and hypotheses 
of the study, coded a randomly selected subset 
of nine (25%) infant videos to assess reliabil-
ity. Intraclass correlation coefficients (Shrout 
and Fleiss, 1979) indicated that inter-rater reli-
ability was high for both TP responses, r = .91, 
p < .001, and MO responses, r = .90, p < .001. 
Mean frequencies of infants’ responses were 
calculated by averaging responses across trials, 
with each gesture comprising four trials (i.e., 
TP, neutral face, TP, neutral face). For exam-
ple, if an infant produced one TP when the TP 
gesture was being modeled, their mean fre-
quency per trial would be .25 (i.e., 1/4 = .25). 
This method was employed to allow for the 
fact that some infants (n = 7 out of 36 observa-
tions) did not receive all trials of each gesture.

Results

Imitation
Means and standard deviations are presented 
in Table 21.1. First, to explore whether there 
was any evidence of selective imitation, 
infant TP responses to both the TP and MO 
models were compared. There was no sig-
nificant difference between infants’ produc-
tion of TPs whether they viewed the 
experimenter modeling TP or MO gestures 
(n = 36, Z = −.34, p = .73). Additionally, 
there was no significant difference between 
infants’ production of MOs whether they 
viewed the experimenter modeling MO or TP 
gestures (n = 36, Z = −.73, p = .47). Infant 
responses to non-social gestures (i.e., TUBE 
and BOX) were also assessed. Infants did not 
produce significantly more TPs to the TP 
model than the TUBE model (n = 36,  
Z = −.56, p = .58), nor did they produce sig-
nificantly more MOs to the MO model than 
the BOX model (n = 35, Z = −.01, p = .99).

Individual differences in TP  
and MO responses
In this study, we observed a similar pattern of 
results to Heimann et  al. (1989) whose 
responses could be divided into thirds. Here, 
38.89% of infants produced more TPs to the 
TP model than to the MO model (i.e., match-
ing responses). A quarter (25%) of the sample 
produced the same number of TPs to both the 
TP models and MO models (i.e., equal 
responses) and 36.11% of infants produced 

Table 21.1 Infant behavior as a function of gesture modeled

Infant behavior

Tongue protrusion Mouth opening

Gesture modeled M SD M SD

TP 0.52 0.85 0.20 0.27

MO 0.45 0.60 0.26 0.30

TUBE 0.36 0.54 0.19 0.30

BOX 0.57 0.81 0.93 4.20

Note: TP: tongue protrusion; MO: mouth opening; TUBE: spoon protruding through tube; BOX: box opening and closing. 
Infant behavior is presented as the frequency of responses divided by the number of gesture trials. The majority of infants 
received four trials per gesture (i.e., if an infant produced two TPs during the four TP trials, their response frequency = .50).
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more TPs when viewing the MO model than 
when viewing the TP model (i.e., mismatched 
responses). With the MO responses, we 
observed a slight increase in matching 
responses such that 44% of the sample pro-
duced more MOs to the MO model than the 
TP model. However, the rest of the sample 
was evenly split between equal responses and 
mismatched responses, with 27.78% of 
infants producing just as many MOs to the 
TP model as the MO model and a further 
27.78% producing more MOs to the TP 
model than the MO model. None of these 
differences were statistically significant and, 
instead, are reports of raw numbers. Given 
that there are three possible outcomes (i.e., 
an infant produces more, produces fewer, or 
produces the same number of responses to a 
stimuli), the observed pattern of results is 
likely attributable to chance. By calculating 
when infants produced more or fewer 
responses of a particular gesture to a particu-
lar model, we are simply reporting a pattern 
of results rather than taking into account the 
specificity of the response. When we evalu-
ate the specificity of the response (i.e., selec-
tive imitation; see Nagy et  al., 2013), we 
observe no evidence of imitation.

BSES-SF responses
Breastfeeding efficacy items were preceded 
by the phrase ‘I can always...’ and anchored 
with 1 (not at all confident) and 5 (always 
confident). For Questions 1–7, 9, 12, and 13 
the mothers’ responses ranged from 1 to 5. 
Questions 8, 11, and 15 had responses rang-
ing from 2 to 5, and for Questions 10, 14, and 
16, responses ranged from 3 to 5. Means and 
standard deviations of responses are pre-
sented in Table 21.2. An aggregate score of 
breastfeeding efficacy was calculated by 
adding together mothers’ responses to  
16 individual items pertaining to breastfeed-
ing confidence. Breastfeeding efficacy rat-
ings ranged from 28 to 80 (M = 68.39,  
SD = 10.53), with higher scores indicating 
greater levels of confidence and efficacy 
during the breastfeeding experience.

Five qualitative items were individually 
analyzed to specifically address the aims 
and hypotheses of this study. Three items 
were related to breastfeeding and evaluated 
how confident mothers were that they could 
secure a successful latch, how difficult it was 
to establish breastfeeding, and whether their 
infant had any issues sucking or swallowing 
while feeding. High ratings of how easy it 
was to secure a successful latch (M = 4.00,  
SD = 1.10) and low ratings of difficulty  
(M = 2.03, SD = 1.08) were reported; also, 
two mothers reported that their infant had 
issues with sucking and/or swallowing while 
feeding (M = .05, SD = .23). Two additional 
items examined whether mothers engaged 
in oral gesture modeling during interactions 
with their infants and if they were employed 
to assist with latching or for social/commu-
nicative purposes. Just over half the sample 
(52.27%) said they modeled oral gestures to 
their infant, with 27.27% saying they mod-
eled these gestures to assist with latching  
and 68.18% stating that it was for social/
communicative reasons.

Imitation and BSES-SF correlations
Sample size, means, standard deviations, and 
intercorrelations pertaining to imitation and 
breastfeeding variables are presented in 
Tables 21.3 and 21.4. It was hypothesized 
that infants’ imitation of oral gestures would 
be positively associated with mothers’ self-
reported confidence in breastfeeding abilities 
and negatively associated with mothers’ self-
reported difficulty establishing breastfeeding. 
To test this hypothesis, eight non-parametric 
correlations between infant oral matching 
frequencies and breastfeeding items were 
conducted. Non-parametric correlations were 
used as neither imitation nor breastfeeding 
data were normally distributed.

Correlations between the aggregated 
score of breastfeeding efficacy and oral 
gesture matching (combined TP and MO 
matching responses) were computed. There 
were no significant correlations found 
between breastfeeding efficacy and oral 
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gesture matching (rs = −.05, p = .77), sug-
gesting that imitation frequency was not 
related to how confident mothers were 
in their overall breastfeeding skills and 
abilities. Correlations were also calcu-
lated between oral gesture matching and 
three items of interest. No relationship was 
uncovered between responses to ‘How easy 
was it for you to get your baby to latch?’ and 
infants’ frequency of oral gesture matching 

(rs = .14, p = .42), demonstrating that imita-
tion was not related to the ease with which 
their babies were able to latch onto the 
breast during feeding. Mothers’ reports of 
difficulty in establishing breastfeeding were 
not related to their infants’ oral matching 
behavior (rs = .21, p = .20), indicating that 
neonatal imitation is unlikely to be associ-
ated with mothers’ experiences with initiat-
ing breastfeeding.

Table 21.2 Mean and standard deviations of maternal responses to BF-SF items

Item M SD

1. Determine that baby is getting enough 3.72 1.03

2. Successfully cope 4.14 0.96

3. Breastfeed without formula 4.19 1.33

4. Properly latched 4.00 1.10

5. Manage breastfeeding to satisfaction 3.83 1.00

6. Manage if baby is crying 4.06 1.01

7. Keep wanting to breastfeed 4.72 0.74

8. Feed with family members present 4.56 0.77

9. Satisfied with breastfeeding experience 4.28 0.97

10. Deal with the fact that time‐consuming 4.50 0.65

11. Finish on one breast before switching 4.17 0.81

12. Breastfeed for every feeding 4.58 0.81

13. Keep up with demands 4.50 0.85

14. Tell when baby is finished 4.25 0.73

15. Recognize a good latch 4.44 0.73

16. Baby sucking properly 4.44 0.65

Breastfeeding efficacy (total) 68.39 10.53

Note: all statements are preceded by the phrase ‘I can always…’ and rated on a scale of 1 (not at all confident) to 5 (always 
confident).

Table 21.3 Intercorrelations between matching frequency and individual items

M (SD) Oral matching Efficacy Latch Sucking, swallowing Establish

Oral matching .78 (.96) —

Efficacy 68.39 (10.53) −.05 —

Latch 4.00 (1.10) .14 .48** —

Sucking, 
swallowing

.05 (23) .36* −.20 −.03 —

Establish 2.03 (1.08) .21 −.68** .315 .25 —

Note: intercorrelations for frequency scores of oral gestures (n = 36) and correlates of interest are presented in the above 
table. Oral matching: combined tongue protrusion and mouth opening matching responses; efficacy: ratings of breastfeeding 
efficacy; latch: rating of ease of latching; sucking, swallowing: ratings of whether infant displays problems sucking and swal‐
lowing while breastfeeding; establish: ratings of how difficult it was to establish breastfeeding.

*p < .05, **p < .01.

BK-SAGE-ZEIGLER-HILL_V2-180026-Chp21.indd   391 10/04/18   6:04 PM



The SAGe hAndbook of PerSonAliTy And individuAl differenceS392

Additionally, when we calculated cor-
relations between BSES-SF scores and 
infants’ individual differences in imitation 
responses (i.e., matching, equal, or mis-
matched responses), we found no relation-
ship. Correlations between maternal reports 
of gesture modeling and infant imitation 
frequency were also calculated. Maternal 
modeling of oral gestures to assist with latch  
was not related to infants’ oral matching fre-
quencies (rs = −.15, p = .35), nor was infant 
matching related to modeling oral gestures 
for communicative purposes (rs = −.02,  
p = 1.00). Lastly, it is notable that two moth-
ers reported their infants had trouble sucking 
and swallowing during breastfeeding and that 
these infants had high levels of oral match-
ing behavior, such that they produced, on 
average, 12 matches per minute to modeled 
TP and MO gestures, six times higher than 
infants who had no difficulties. This likely 
explains the significant correlation between 
oral matching scores and ratings of sucking/
swallowing difficulties (rs = .36, p = .03). 
However, as only two mothers had infants 
with these difficulties, this finding must be 
treated with caution.

Discussion

This study tested the hypothesis that indi-
vidual differences in the imitation of oral 
gestures are related to breastfeeding. It was 
expected that infants who had more success 
with breastfeeding would have better motor 

control over their mouth and tongue move-
ments, allowing them to engage in higher 
rates of neonatal imitation. It was thus 
hypothesized that infants’ imitation of oral 
gestures would be positively associated with 
mothers’ self-reported confidence in breast-
feeding abilities and negatively associated 
with mothers’ self-reported difficulty estab-
lishing breastfeeding. These hypotheses were 
not supported.

Although failing to reject the null hypoth-
esis, as is the case here, does not imply that 
it is accurate, the observed pattern of results 
in this study suggests there simply is no link 
between breastfeeding and neonatal imita-
tion. Breastfeeding is a complex and mechan-
ical process (Edmunds et  al., 2011), with 
many factors determining whether or not 
mother and baby work well enough together 
to ensure it is consistently successful. Any 
contribution of the feedback cycle poten-
tially started through the baby copying the 
mother, and the mother feeding back mode-
ling opportunities might not therefore be suf-
ficiently valuable so as to have any impact. 
In this context, Jacobson’s (1979) proposal 
is invalid. Alternatively, there may indeed 
be a link between imitation of oral gestures 
and breastfeeding that has not been identi-
fied here. There are a number of reasons why 
this may be so. One reason is that the par-
ticipants in this study did not, as a cohort, 
show evidence of imitation. That is, infant 
TP responses when TP was the model were 
compared to TP responses when MO was the 
model. Infants produced a similar number of 

Table 21.4 Intercorrelations between matching frequency and reasons for modeling

M (SD) Oral matching Assist latch Communication

Oral matching .26 (.30) —

Assist latch .27 (.46) −.15 —

Communication .68 (.48) −.02 .42 —

Note: intercorrelations for frequency scores of oral gestures (n = 36) and correlates of interest are presented in the above 
table. Oral matching: combined tongue protrusion and mouth opening matching responses; assist latch: Do you ever open 
your mouth or poke your tongue out at your baby to help with latching/breastfeeding?; communication: Do you ever open 
your mouth or poke your tongue out at your baby to engage or communicate with your baby?
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tongue protrusions, regardless of the gesture 
modeled. Similarly, MO responses, when 
the experimenter modeled MO and when 
she modeled TP, were compared. Again, no 
significant difference was observed in infant 
MO responses when viewing the two mod-
els. This failure to find evidence of selective 
imitation is consistent with previous research 
(Anisfeld et  al., 2001; Koepke et  al., 1983; 
McKenzie and Over, 1983; Oostenbroek 
et al., 2016).

Neonatal imitation research continues to 
be a field of research in which much debate is 
generated, with fundamental characteristics 
of this phenomenon, such as the prevalence, 
scope, and time course, being poorly defined 
(Suddendorf et  al., 2013). Although some 
researchers claim to demonstrate evidence of 
imitation (Field et al., 1982; Fontaine, 1984; 
Nagy et  al., 2005) many studies, including 
this one, have attempted and failed to rep-
licate Meltzoff and Moore’s (1977) origi-
nal study (e.g., Hayes and Watson, 1981; 
Koepke et  al., 1983; McKenzie and Over, 
1983; Oostenbroek et al., 2016). Specifically, 
through parental engagement, parental 
tongue protrusion modeling might  assist 
breastfeeding, but only for babies who are 
particularly immature in their digestive 
development. This suggestion requires fur-
ther research. Conversely, the phenomenon 
of neonatal imitation and breastfeeding may 
not be related at all. This study found no evi-
dence of any such relationship, and rather 
than neonatal imitation being related to 
breastfeeding, it may instead develop along-
side the parent–infant bond.

STUDY 2: EXPLORING INDIVIDUAL 
DIFFERENCES IN NEONATAL 
IMITATION WITHIN THE CONTEXT OF 
THE MOTHER–BABY RELATIONSHIP

Human babies enter the world with biases to 
attend to socially relevant stimuli (Machluf 

and Bjorklund, 2015). This neurobiological 
preparedness enables neonates to interact 
with their caregivers in coherent and rhyth-
mic ways (Trevarthen and Aitken, 2001). 
Mothers and infants are not only sensitive to 
each other’s presence but affect one another 
in complex, bidirectional ways (Field et al., 
2004; Widmayer and Field, 1980). Given the 
multifaceted effects mother–infant interac-
tion can have on development, we sought to 
determine whether maternal–infant bonding 
could help to explain variation in newborn 
imitation. To date, only one published study 
has explored imitation within the context of 
the mother–baby relationship: Heimann 
(1989) reported that eye-contact between the 
mother and the infant at three months of age 
was greatest when infants had shown more 
frequent imitation in the neonatal period. To 
successfully imitate their parents’ facial ges-
tures, infants must keenly observe their car-
egivers’ actions. Subsequently, imitation 
exchanges often involve prolonged eye- 
contact. Additionally, mother–infant gaze 
has been linked with increased levels of 
maternal oxytocin (Kim et al., 2014), which 
in turn, promotes bonding.

The aim of the study reported here was to 
explore the hypothesis that imitation varies 
as a function of maternal ratings of bonding 
and efficacy. To test this, 36 mother–infant 
pairs participated in directed engagement, 
such that they either engaged in face-to-face 
(FTF) interactions with, or modeled tongue 
protrusions (TP) to, their infants for ten min-
utes per day for a fortnight. A control group 
received no special instructions. Imitation, 
maternal efficacy, and bonding were assessed 
both before and after two weeks of parental 
interaction. It was hypothesized that infants 
in the TP modeling group would have higher 
rates of matching post-modeling and signifi-
cantly more than infants in the FTF or con-
trol conditions. It was further hypothesized 
that matching behavior would be positively 
associated with maternal ratings of bonding 
and efficacy.
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Method

Participants
Thirty-six infants (n = 21 female, n = 15 
male) and their mothers participated in this 
study. Infants were tested on a neonatal imi-
tation task at approximately one week of age 
(M = 9.86 days, SD = 2.75). The majority of 
infants were Caucasian (n = 31 Caucasian,  
n = 3 Asian, n = 2 Hispanic) and delivered 
vaginally (n = 29 vaginal deliveries, n = 7 
caesarean births). All infants were of normal 
birth weight (≥ 2500 g, M = 3427.75 g, SD = 
416.29) and gestational age (≥ 37 weeks,  
M = 39.61 weeks, SD = 1.12). Thirty-two of 
the infants were exclusively breastfed at the 
time of imitation testing.

Imitation task
The first author tested each infant on the 
same imitation task as described earlier in 
Study 1 when they were one week of age. 
Again, the same four gestures (i.e., tongue 
protrusion, mouth opening, tube, and box) 
were presented in the same way as in  
Study 1 (see Figure 21.1).

Maternal Experience  
questionnaire
The Maternal Experience questionnaire com-
prised a Maternal Efficacy questionnaire 
(Teti and Gelfand, 1991) and a Maternal 
Bonding scale (Taylor et al., 2005). Teti and 
Gelfand’s (1991) Maternal Efficacy ques-
tionnaire includes ten items measuring moth-
ers’ confidence in performing maternal tasks, 
and based on their sample of 86 mothers, the 
scale was found to have good internal relia-
bility (α = .86). Responses to these items are 
recorded on a four-point Likert scale, ranging 
from 1 (not good at all) to 4 (very good). In 
order to make the scale more appropriate for 
mothers of newborn infants, two items were 
removed (i.e., ‘How good were you at making 
your baby understand what you wanted him/
her to do?’ and ‘How good were you at get-
ting your baby to show off for visitors?’). 
The second section of the questionnaire 

contained the Maternal Bonding scale, which 
listed eight maternal feelings that could have 
been experienced during the first few weeks 
of their infant’s life, including loving, resent-
ful, neutral, joyful, dislike, protective, disap-
pointed, and aggressive. Each of these 
adjectives was rated as being felt ‘very 
much’, ‘a lot’, ‘a little’, or ‘not at all’. The 
Maternal Bonding scale was validated by 
Taylor et  al. (2005) with a sample of 162 
mothers and was found to have reasonable 
internal reliability (α = .71).

Coding
Imitation Scoring. Infants’ responses were 
coded from video footage by the first author 
in the same manner as described in Study 1. 
Across the 36 observations, infant state was 
coded using the Brazelton Neonatal 
Behavioural Assessment Scale (Brazelton 
and Nugent, 1995). The majority of infants 
were deemed to be Alert (65.30%), with the 
rest of the infants coded as either Drowsy 
(19.40%) or Active/Agitated (15.30%). No 
differences in imitative responses were 
observed as a function of infant state.

As in Study 1, in this study a second judge, 
blind to the aims and hypotheses of the study, 
coded a randomly selected subset of nine 
(25%) infant videos to assess reliability. 
Intraclass correlation coefficients (Shrout and 
Fleiss, 1979) indicated that inter-rater relia-
bility was high for both TP responses, r = .93, 
p < .001 and MO responses, r = .92, p < .001. 
Again, to assist with analyses, mean frequen-
cies of infants’ responses were calculated and 
derived in the same manner as described for 
Study 1. This method was employed to allow 
for the fact that some infants (n = 7 out of  
72 observations) did not receive all trials of 
each gesture.

Maternal Experience and Bonding. The 
eight items of the Maternal Efficacy scale 
were added together to form a single index 
of Maternal Efficacy. Additionally, the eight 
items from the Maternal Bonding scale were 
added together to form an index measur-
ing overall Maternal Bonding, after five 
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of the eight items had been reverse-scored 
(resentful, neutral, disappointed, dislike, 
aggressive). In Taylor et al.’s (2005) original 
scoring method, 0 translated to ‘very much’, 
where 3 indicated ‘not at all’ for positive 
items and the reverse for negative items (e.g., 
resentful). In the current study, we modified 
this coding scheme to assist with interpreta-
tion, such that higher scores would refer to 
high ratings of maternal bonding (i.e., ‘very 
much’ = 4), and low scores to low ratings 
(i.e., ‘not at all’ = 1).

Results

Imitation
To investigate evidence of neonatal imitation, 
a series of one-tailed Wilcoxon Signed Ranks 
tests was conducted, comparing frequencies 
of TP and MO responding. Means and stand-
ard deviations are presented in Table 21.5. 
First, to explore whether there was any evi-
dence of selective imitation, infant TP 
responses to both the TP model and MO 
model were compared. Infants did not pro-
duce significantly more TPs when viewing 
the TP model than the MO model (n = 36,  
Z = −.45, p = .33) or more TPs when viewing 
the TP than the TUBE model (n = 36,  
Z = −.38, p = .35). Likewise, to establish MO 
imitation, infant MO responses to both the 
TP and MO models were compared. Infants 
did not produce significantly more MOs 
when viewing the MO model than the TP 
model (n = 36, Z = −1.23, p = .11) or more 

MOs when viewing the MO than the BOX 
model (n = 36, Z = −1.60, p = .06).

Individual differences in TP and 
MO responses
In this study, we observed a similar pattern of 
results as in Study 1, with responses in this 
sample roughly divided into thirds. Here, 
30.56% of infants produced more TPs to the 
TP model than the MO model (i.e., matching 
responses). An additional 33.33% of infants 
produced the same number of TPs to both the 
TP model and MO models (i.e., equal 
responses), and a final 36.11% of infants 
produced more TPs when viewing the MO 
model than when viewing the TP model (i.e., 
mismatched responses). Again, as in Study 1, 
with MO responses, we observed a slight 
increase in matching responses, such that 
41.67% of the sample produced more MOs 
to the MO model than the TP model. The rest 
of the sample consisted of 36.11% of infants 
who had ‘equal’ responses, producing the 
same number of MOs to both the TP and MO 
models and 22.22% of infants who had mis-
matched responses, producing more MOs to 
the TP model than the MO model. Again, as 
in Study 1, none of these differences were 
statistically significant and instead are reports 
of raw numbers. As mentioned above, there 
are only three possible outcomes of infant 
responses: an infant produces more, pro-
duces fewer, or produces the same number of 
responses to a stimuli. The observation divi-
sion of responses into thirds suggests the 
observed pattern of results is likely 

Table 21.5 Infant behavior as a function of gesture modeled

Infant behavior

Tongue protrusion Mouth opening

Gesture modeled M SD M SD

TP 0.52 0.69 0.28 0.34

MO 0.49 0.59 0.39 0.46

TUBE 0.48 0.72 0.22 0.34

BOX 0.44 0.66 0.22 0.31

Note: n = 36; TP: tongue protrusion; MO: mouth opening; TUBE: spoon protruding through tube; BOX: box opening and closing.
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attributable to chance. By calculating when 
infants produced more, or less, of a particular 
gesture to a particular model, we are simply 
reporting a pattern of results, rather than 
taking into account the specificity of the 
response. When we evaluate the specificity 
of infants’ responses (see Nagy et al., 2013), 
we do not observe evidence of imitation.

Maternal bonding and efficacy
Mothers reported high ratings of their 
Maternal Efficacy, with a third of the sample 
(33.30%) rating themselves as ‘very good’ 
mothers and the majority of the mothers 
reporting that they were ‘good enough’ 
(58.30%). The combined index of Maternal 
Efficacy had a possible range of 8–32; the 
mothers in this sample had values ranging 
from 13–32 and a mean of 24.91, where 
higher scores indicated a greater amount of 
self-reported efficacy. For the Maternal 
Bonding measure, mothers reported overall 
high levels of positive emotions (e.g., pro-
tective, joy) and lower levels of negative 
emotions (e.g., resentment, disappointment) 
towards their infant. Of a possible range of 
8–32 on this scale, mothers’ responses 
ranged from 6–32 (one mother chose to omit 
two questions, resulting in a score of 6). This 
mother was, by far, the exception, as the 
next lowest score a mother had on the 
Maternal Bonding scale was 26.50. Despite 
this, on average mothers in this sample 
reported high ratings of bonding, with a 
mean score of 29.76.

In order to establish whether individual 
differences in infants’ imitation scores were 
related to Maternal Bonding or Maternal 

Efficacy, we correlated these scales with 
infants’ oral matching scores. No significant 
correlations were observed between oral 
matching and ratings of efficacy (rs = .07,  
p = .67) or bonding (rs = .19, p = .27). These 
correlations are presented in Table 21.6.

Discussion

This study aimed to evaluate the way imita-
tive responses influence caregivers by explor-
ing the hypothesis that neonatal imitation 
relates to early mother–infant bonds and that 
this, in turn, is related to an increased sense of 
maternal efficacy. Specifically, we hypothe-
sized that neonatal imitation would be posi-
tively related to maternal bonding and 
efficacy. We tested infant imitation at one 
week and found no evidence of selective imi-
tation. Moreover, we did not demonstrate any 
evidence of a relationship between imitation 
and maternal ratings of efficacy or bonding. 
As such, this study provided no evidence in 
support of this hypothesis, as no correlations 
between either of the TP or MO matching 
behaviors and maternal bonding or efficacy 
scores were significant. No conclusions per-
taining to a potential social or communicative 
function of neonatal imitation can be drawn, 
except that such a relationship may not exist.

Nonetheless, as with Study 1, failing to 
reject the null hypothesis does not allow 
obvious conclusions. Yet, it is possible that 
there simply is no link between maternal 
bonding, maternal efficacy, and neonatal 
imitation. The process of bonding is highly 
complex and dependent on a multitude of 

Table 21.6 Intercorrelations between matching frequency and individual items

M (SD) Oral matching Maternal efficacy Maternal bonding

Oral matching .91 (.98) —

Maternal efficacy 27.96 (4.38) .07 —

Maternal bonding 24.92 (3.87) .19 .34* —

Note: intercorrelations for frequency scores of oral gestures (n = 36) and correlates of interest are presented in the above 
table. Oral matching: combined tongue protrusion and mouth opening matching responses; efficacy: ratings of maternal 
efficacy; bonding: ratings of maternal bonding.
*p < .05.
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dynamic components. It is possible that each 
individual parent’s specific set of biological 
and psychological factors functions in social, 
societal, and cultural contexts to form the 
bond. A principal limitation of this study 
was the bonding and efficacy measure used, 
specifically the issue of using this scale with 
a non-clinical sample. The measures were 
chosen because they had previously been 
established as reliable and well-validated 
scales (Taylor et al., 2005; Teti and Gelfand, 
1991). However, this was not apparent with 
the current samples for the bonding measure. 
Although the measures of efficacy demon-
strated good internal consistency (α = .87), 
the bonding measures demonstrated much 
lower reliability (α = .55), limiting our con-
fidence that we effectively measured con-
structs of maternal bonding. This limitation 
may be partially accounted for by the restric-
tion of variance in our study (Field, 2009).

More extensive measures of bonding and 
efficacy, particularly those suited to non- 
clinical samples – such as semi-structured 
interviews – would allow for a more detailed 
and qualitative overview of the mother–infant 
bond. Using these methods may capture the 
wide range of experiences in the developing 
bonding experience, thereby improving our 
chances of detecting an effect, if one exists. 
Furthermore, the participants in this experi-
ment were not representative of the range of 
mother–infant dyads that exist in the broader 
population. All participants were healthy, 
well-resourced mothers who were pleased 
with their situation of just having given birth. 
Consequently, it is feasible that our samples 
were genuinely approaching a ceiling on 
the bonding and efficacy measures, thereby 
restricting the variance in our results. If early 
bonding and efficacy does influence the 
development of neonatal imitation, it is likely 
to be a subtle effect given the vast number 
of biochemical, physiological and cultural 
variables that influence its expression. In 
order to uncover the potential effect, a much 
larger, more representative sample is needed. 
Finally, there is the distinct possibility that 

our results were due to the fact that experi-
ences of bonding and efficacy in no way 
influence the development of neonatal imi-
tation. It is worth noting that both sampling 
bias and a lack of power might have substan-
tially impacted this study.

CONCLUSION: WHAT CAN THESE 
STUDIES TELL US?

Imitation is just one of the many ways par-
ents socially interact with their infants 
(Jones and Yoshida, 2011). For the last four 
decades, researchers have argued that, from 
birth, infants use imitation to engage with 
others in their social world (Meltzoff, 2007; 
Meltzoff and Moore, 1977, 1992). However, 
the research supporting this claim remains 
far from compelling (Anisfeld et al., 1979; 
Heyes, 2016b; Oostenbroek et  al., 2016). 
Although there is no direct evidence that the 
capacity for imitation is inborn, there is 
much evidence to demonstrate that humans 
learn to imitate in the context of social inter-
action (Catmur et al., 2009; Ray and Heyes, 
2011). The studies presented in this chapter 
sought to investigate whether individual dif-
ferences in infants’ imitative responses 
might be driven by a subset of infants who 
have learned to engage in such a way. 
Specifically, we sought to determine whether 
the development of imitation is influenced 
by environmental influences such as breast-
feeding experience and/or interactions that 
occur within the context of the mother–
infant relationship. No evidence was found 
to support the existence of imitation in our 
samples or either of the above hypotheses. 
Although imitation has been reported in 
previous studies, our failure to observe any 
evidence of this behavior emphasizes that, if 
neonatal imitation exists, it is a weak and 
fragile phenomenon (Heimann, 2002), or 
perhaps not a legitimate phenomenon at all.

In both of these studies, like other  
studies before them (Heimann, 1989; 
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Heimann et al., 1989), we observed evidence 
of individual differences across infants’ 
responses to viewing oral gestures. Yet, these 
differences reflect patterns that could be 
expected by chance; as such, it is unlikely that 
these differences are in any way meaningful. 
The evidence presented in this chapter does 
not uncover any information to help deter-
mine what might underlie, predict, or estab-
lish the meaningfulness of these differences. 
Given we identified no foundation for these 
apparent differences, the possibility remains 
that these individual differences are a statis-
tical artifact and demonstrate no consider-
able difference in the way infants respond to 
modeled oral gestures. It may be the case that 
we are simply seeing a phenomenon where 
none exists. Meta-analyses may be a way for-
ward to systematically investigate whether 
reported effects of imitation are true and 
sound effects or if they are more likely due to 
methodological and statistical error. Insofar 
as neonatal imitation is a phenomenon of 
infancy that humans are born to do, there 
remains no evidence to support this claim 
and much evidence to indicate the opposite 
(Anisfeld, 1996; Anisfeld et al., 1979, 2001; 
Hayes and Watson, 1981; Oostenbroek et al., 
2016). We explored two environmental inputs 
that might be related to its development but 
found nothing. Additionally, in both studies, 
we find no evidence that that neonatal imita-
tion is a legitimate phenomenon of infancy.
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