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Feeding involves communication between mothers and infants and requires precise
synchrony in a special triadic relationship with the food. It is deeply related to their
intersubjectivity. This study compared the development of mother–infant intersubjectivity
through interactional synchrony in feeding between 11 Japanese and 10 Scottish
mother–infant dyads, observed at 6 and 9 months by video. Japanese mothers were
more deliberate in feeding at an earlier age, whereas Scottish mothers were significantly
more coercive than Japanese mothers at an earlier age. Japanese mothers brought
the spoon to infants with a pause to adjust the timing of insertion to match their infants’
readiness, whereas this pause was not observed in Scottish mothers. Isomorphic mouth
opening between mothers and infants was observed. This empathic maternal display is
an important element of intersubjectivity in infant feeding that differed between Scottish
and Japanese mothers. Scottish mothers’ mouth opening always followed their infants’
mouth opening, but about half of Japanese mothers preceded their infants. Further, the
mouths of Scottish infants and mothers opened almost at the same time as spoon
insertion. In contrast, Japanese mothers’ mouth opening did not co-occur with the
insertion but was close to spoon arrival, a subtle but important difference that allows
for greater infant autonomy. The time structure of Scottish mother-infant interactions
was simpler and more predictable at 9 months than in Japan, where the structure was
more variable, likely due to a stronger regulation by Scottish mothers. In conclusion,
Scottish mother-infant intersubjectivity is characterized as more maternally reactive and
mother-centered, whereas Japanese mother-infant intersubjectivity is characterized as
more maternally empathetic and infant-centered. Cultural differences in intersubjectivity
during feeding between Japan and Scotland are further discussed in relation to triadic
relationships and parenting styles.

Keywords: intersubjectivity, interactional synchrony, Japan and Scotland, mother–infant relations, empathy in
feeding, mouth opening
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INTRODUCTION

Feeding is essential for infant survival and health, and weaning
is a biologically significant framework for understanding the
development of infant independence from the mother (Trivers,
1974; Negayama, 1996). Human infants gradually become
autonomous feeders over the first years of life in terms of hand
and tool use (Connolly and Dalgleish, 1989; Norimatsu, 1993;
Kawahara, 2005), and food choices (Pliner, 1994; Tovar et al.,
2016; Cole et al., 2018).

Mothers assist their children’s feeding by providing food,
cooking, and assisting with feeding when they are young and
unable to manage it on their own (Wright, 1989). Such maternally
supported infant feeding requires synchrony of intentions and
actions on both sides, with attunement of these between mother
and infant to ensure effective food intake, without choking.
Interactional synchrony, or shared time, is fundamental to many
domains of mother–infant intersubjectivity, and exists in the
relationship even during the prenatal period – it is the basis of
harmony between them (Feldman, 2003; Trevarthen et al., 2006).
Infant feeding supported by the mother consists of a sequence
of actions, or behavioral units, made with shared timing,
and is one striking example of mother-infant intersubjectivity
(Feldman, 2007).

Empathy and Mother-Infant
Intersubjectivity
As they feed their young infants, some mothers show an
interesting behavior of mouth movement (Figure 1) which
is isomorphic with the infants’ mouth movement (Negayama,
1993; Kawata, 2014; Toyama, 2014). The behavioral symmetry
could be a demonstration of mother-infant intersubjectivity.
The neurophysiological background of behavioral mirroring has
recently been discussed (Meyza and Knapska, 2018), and mouth
mirror neurons are found for ingestive behavior in non-human
primates (Ferrari et al., 2003).

Co-occurrence of symmetrical mouth movements is a sign
of empathy in the feeding mothers (Negayama, 1993), and
complements infant-mother “sympathy” as directly feeling the
other person’s affective and intentional state (Trevarthen, 2016).
It is supposed that orofacial communicative behavior has its
evolutionary origin in the mother–infant dyad (Ferrari and
Coudé, 2018). Non-verbal expressive actions of the body serve
to mediate connectedness, and together with the mirror neuron
system enables ‘direct neural resonance,’ a specific neural
mechanism of shared affective and intentional neuromotor states
that afford informed, intersubjective interactions with others
(Gallese, 2009; Gallagher, 2012).

Human movements are never just functional and
performative, but simultaneously express feeling in their
kinematic form (Stern, 2010). These ‘forms of vitality’ convey
an affective quality within the functional, performative aspects
of movement that enrich intersubjectivity, sharing feelings in
the intentional acts (Di Cesare et al., 2017; Di Cesare et al.,
2020). And withholding expectation by pausing or coming in
too quickly can raise arousal to generate excitement, or anxiety
(Gratier, 2003).

This feeling is shared between individuals in their form
and timing of body movement, made in the intersubjective
‘dance’ of their interaction (Malloch and Trevarthen, 2009a).
Sharing feelings in sympathy, individuals may then reflect on
these empathically to give “emotional and mental sensitivity to
another’s state” (de Waal and Preston, 2017). Where sympathy
names feelings in direct resonance, empathy allows for additional
reflection or mentalizing and “assessing the reasons for it
and adopting the other’s point of view.” Sympathy allows
the organism to quickly relate to the states of others, and
effectively empathize with their experience. These are essential
for the regulation of social interactions, coordinated activity,
and cooperation toward shared goals (Clay et al., 2018). In this
paper, we employ a mother-infant feeding paradigm as a lens
with which to observe the nuance of the intersubjective relation
between mother and infant. Mother-infant feeding requires
shared timing and symmetry of behavior. It is a clear and
accessible case of embodied mother-infant intersubjectivity, with
the maternal empathetic mouth opening giving one sensitive
behavioral index of it.

Differences in Mother–Infant
Intersubjectivity by Infant’s Age and
Culture
Importantly, interactional synchrony is required between
mothers and infants to attune and harmonize their behaviors
for cooperative effect. The process of mother-infant feeding is a
continuous adjustment of the timing of food giving (maternal)
and intake (infant) actions. Empathetic mouth opening by the
mothers to the infants’ mouth opening at the moment of infant
eating is a situation typical in everyday feeding of shared timing
between the two.

The intentional nature of all human action, evident from
before birth, underpins shared action understanding (Delafield-
Butt and Gangopadhyay, 2013; Trevarthen and Delafield-
Butt, 2017) generated within embodied, enactive interactions
(Trevarthen and Delafield-Butt, 2013; Fantasia et al., 2014).
Thus, motor timing in interaction shared between mother and
infant presents an empirical measure of the shared intersubjective
exchange. Set within shared projects, such as during infant pick-
up or during feeding, these single acts become serially organized
to give narrative structure, a narrative arc, as each act unfolds
over time, altogether achieving the shared goal of the project
(Trevarthen and Delafield-Butt, 2013; Rossmanith et al., 2014;
Delafield-Butt and Trevarthen, 2015).

Empathy of feelings shared in sympathy cumulatively works
over the whole process of feeding. Communication between
feeders and infants with control, request, rejection, and
cooperation between them (Stevenson et al., 1990; Negayama,
1993; Toyama, 2014; Fries et al., 2017; Nonaka and Stoffregen,
2020) reflects biological and cultural fundamentals of mother-
infant relationships and their development.

Feeding induces a stronger empathetic mouth opening in
mothers when providing food on their own than when just
watching the infant being fed by the father (Negayama, 2000).
This finding suggests that synchrony is not just reflection of
behavior but could be boosted by the mothers’ anticipation of
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FIGURE 1 | A Japanese (top) and a Scottish (bottom) mothers showing an empathetic mouth movement (opening and closing) while her infant is taking food.

infants’ food intake. Eating is a continuous narrative between
mother and infant containing intention-reading and anticipation.

From as early as 2 months old, infants adapt their action to
match imminent action intentions of their mother. For example,
when being picked up from the floor, an infant will arch its
back and raise its arms and stiffen in preparation for the new
forces and requirements of being picked up (Reddy et al., 2013).
The infant is prospectively aware of the imminent consequences
of their mothers’ actions, revealing an anticipatory awareness
and self-generated adaptive, preparatory response to meet those
expected demands. This basic action understanding is the
embodied basis of understanding other minds (Trevarthen, 2001;
Gallagher, 2012).

As demonstrated in Japanese mother-infant tickling play
(Ishijima and Negayama, 2013), infants start to show joint
attention with the mothers to a part of the infant’s body
at 6 months. This is “proto-triadic relationship” (Negayama,
2012, forthcoming) that precedes “genuine triadic relationship”
at 9 months (Tomasello, 1995; Negayama, forthcoming).
Feeding is an example of the triadic relationship between
parent, infant and food. The development of this triadic
relationship should be reflected in differences of behaviors
and their timing.

Feeding is also an accessible, important paradigm to
understand cultural differences in intersubjectivity in the
mother–infant relationship. We are particularly interested in
whether or not and how the mothers in Japan and Scotland differ
in their empathetic mouth openings.

Previous studies have shown Japanese and Scottish mothers
differ in distance regulation with their infants, and its manner
(Negayama and Trevarthen, under review). Scottish mothers
took greater initiative than Japanese mothers in this aspect.
Japan–Scotland differences were also found in bedtime and
sleep routines in both the home and day nurseries (Negayama,
1997; Negayama and Kawahara, 2010). Scottish mothers prefer
putting children to bed without physical contact, whereas the
Japanese mothers keep physical contact until their children fall
asleep. The mothers and infants in Japan more often co-sleep
at night, whereas those in the Western countries prefer to
sleep separately (Caudill and Weinstein, 1969). These findings
suggest a stronger empathy toward their children in Japanese
mothers, and a preference for peaceful togetherness rather than
their independence.

Interestingly, Japanese mothers often consume the food left
by their infants, and give their own food to their infants when
their infants’ plates are empty (“cross-feeding,” Negayama, 2006),
which suggests they actively generate a sense of “oneness,”
a significant intimacy of shared, common experience in the
dyad. This behavior is seldom observed in Scotland. Scottish
mothers quickly withdraw from the role of feeder when their
infants become autonomous in eating (Negayama, 2000). In
contrast, Japanese infants refuse to be fed passively and do not
establish independence in eating until later (Negayama, 1993).
These examples suggest that Japanese mothers are more strongly
guided by their empathy and motivation for shared experience
with their infants.
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On the other hand, if mothers prefer to direct and control
their infants, then their infant’s food intake would be regulated
more strongly by their mothers. Conversely, if the mothers prefer
to facilitate and share their infants’ experience, then the infants
would become more autonomous and the mothers will follow the
infants. Thus, the present study sought to shed light on mother–
infant intersubjectivity in feeding and its cultural differences in
Japan and Scotland, by measuring the timing of their feeding
interactions, especially over mouth openings of mothers and
infants. It also could be postulated that cultural differences in
mother–infant feeding relationships are expected to be evident
over development, in this case between 6 and 9 months of age.

Purpose of the Present Study
Coordinated action timing and synchrony of feeding behaviors
between mother and infant are for efficient feeding, matching
the intentions of the mother and the infant. This matching is
examined by recording the timing of the mouth openings of
mother and infants during the feeds. Apparently ‘synchronous’
behaviors could be found to be asynchronous when examined
in detail. For example, a mother may open her mouth earlier
than her infant, or vice versa. Isomorphism of the two behaviors
makes the minute analysis easy. The initiative for action in the
intersubjectivity of mother-infant feeding can be examined by
comparing the onset times of their mouth openings with micro-
analysis of their occurrence. Alternatively, the mother’s mouth
opening might be regulated by some adjacent behaviors, for
example, by the spoon’s arrival (i.e., stagnation) at the infant’s
mouth, and insertion into it.

Fine micro-analysis of interaction timing during feeding
serves as a promising window for exploring the age and cultural
differences in mother–infant relationships. The basic question
here is: Is the mother’s empathetic mouth opening directly caused
by the infant’s mouth opening, or elicited by the mother’s own
intention? To answer this question, three behaviors of mother’s
empathetic mouth opening, infant mouth opening, and spoon
carriage (particularly spoon arrival and insertion) are analyzed
and compared. The analysis may demonstrate a variation by age
and culture in the manner and style of more general mother–
infant intersubjectivity, specifically analyzed here during feeding.

MATERIALS AND METHODS

Participants
Eleven Japanese (two boys and nine girls, five first-borns) and
10 healthy Scottish infants (five boys and five girls, seven first-
borns) at the ages of 6 months participated with their mothers.
They were recruited at local nursery schools by delivering
an invitation letter in Japan and personally through word of
mouth, parent groups, and nurseries in Scotland. Each mother
and infant pair participated in the observation twice: first
at the infants’ age of ca. 6 months (Age 1, mean ages/SDs
were 192.0/9.1 and 191.6/24.1 days in Japan and Scotland,
respectively); and second at ca. 9 months (Age 2, mean ages/SDs
were 282.2/16.2 and 289.8/16.7 days in Japan and Scotland,
respectively). The other details of the participants are provided

in Negayama et al. (2015). Participant numbers were limited
and considered acceptable within the design due to the study
requiring a precise time of laboratory-based recording within
limited developmental periods.

This study was approved by the Ethical Committee of Waseda
University (No. 2012-273) and the University of Strathclyde
Ethics Committee. Written informed consent was obtained from
each mother or father at the start of the study.

Procedure and Data Recording
The present study is a part of a larger research project carried out
at Ages 1 and 2, in which (1) mothers put down then picked up
their infants from the floor, (2) mothers fed their infant with solid
food with a spoon, (3) mothers tickled their infant in free play
for about 15 min, and (4) mothers and infants played an action-
word game task. The first part (study of pick-up) has already been
reported (Negayama et al., 2015).

Data recordings of Japanese and Scottish participants were
carried out at a laboratory at Waseda University in Japan
and another at the University of Strathclyde in Scotland. The
entire process was recorded using two or more standard home
video cameras with the assistance of a motion-capture system.
The mothers were briefly interviewed after the experiment for
background information on the infants (the birth date, family
composition, parents’ education and occupation, etc.). Written
informed consent was obtained from each mother or father.

One Japanese case and one Scottish case were not observed
at Age 1 because solid feeding was not started yet. Feeding of 10
Japanese and 9 Scottish mother-infant dyads was filmed at Age 1,
and of 11 Japanese and 10 Scottish dyads was filmed again at Age
2. Mothers brought solid foods from home to the laboratory and
gave them to their infants with a spoon in their own way. The
entire session was videotaped in each observation.

Behavioral Analysis
Feeding is a sequence of behaviors: food is scooped by a spoon
and carried to an infant’s mouth. The spoon stagnates before
(or after in rare cases) reaching the infant’s mouth (arrival),
and is inserted (spoon tip passing the edge of the lips) into the
infant’s mouth. If the spoon does not stagnate, the time of arrival
equals to the time of insertion. The infant opens the mouth at
the moment of spoon insertion, but the mouth opening may be
later than the insertion time. Some mothers coerce the infant to
take the food provided by an exaggerated shooting movement
toward the infant’s mouth to elicit the infant’s mouth opening.
The spoon can be inserted and pulled out repeatedly until there is
no food left on the spoon (final withdrawal), and then the spoon
is returned to the initial position. One spoon refers to feeding from
the start of the spoon carriage to the return. Simply the initial five
consecutive spoon feeds were analyzed for these behaviors.

During feeding, mothers exhibit empathetic mouth opening
(sometimes with chewing and closing), a fluid and reflexive
behavior without reflective mentalization or strong volition.
Another type of mouth opening also occurred which was to
intentionally encourage the infant to take the food. This type
quite often occurred with vocalization. In the present study, we
focused on the former mouth movement, which was usually
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silent, as a behavior indicative of the mother’s intersubjectivity to
the infant and ignored the latter one.

For a fine analysis of mother-infant interactions concerning
the mother’s empathetic mouth opening, a good video image of
the mouth movements by the mothers and infants was needed.
However, the initial five spoons were not appropriate for this
analysis because the mother talked or the hand of the mother
or infant hid their mouth. So, we selected as many as possible
other episodes out of the entire feeding session for the analysis.
the number of episodes collected by this way were 43 and 43
(range/median= 0–7/6 and 0–7/6) for Japanese Age 1 and Age 2,
respectively, and 50 and 52 (range/median = 3–5/5 and 3–9/4.5)
for Scottish Age 1 and Age 2, respectively.

The time sequence of the spoon-feeding episodes was
measured using the video analysis software ELAN (Version
5.9.1) [Computer software] (2020), and then the time gaps of
the behavior occurrences were calculated from the onset times
of adjacent behaviors to determine the sequential relationship
of the behaviors.

Because of the small numbers of samples and episodes, age and
cultural comparisons were made on the basis of median values of
the time for each dyad, and non-parametric tests were conducted
for statistical analyses. Differences between the two age periods
were examined by pairwise comparison by the Wilcoxon’s rank-
sum test, and differences between Japan and Scotland at each
age were examined by Mann–Whitney U test. For both, the
significance level was set at 0.05.

RESULTS

In order to substantiate intersubjectivity by a behavior, the timing
and shape should be shared. Adjustment of mutual behaviors
is needed for feeding, which is measured by timing of onset.
The time structure of the behaviors, the synchrony of the mouth
openings of the mothers and infants measured by the onset
time are the focus of the analysis. Firstly, to understand the
characteristics of the feeding interactions, a sequence of feeding
was analyzed. The onset time and duration of each behavior
were compared between the two stages (Age 1 and Age 2) and
between the two countries (Japan and Scotland) in general based
on both the initial five feeding episodes and the additionally
selected episodes. Then secondly, the mother’s empathetic mouth
opening was focused on, and the relationship of the timings of the
behaviors of the mothers and infants were analyzed based on the
additionally selected episodes.

Sequence of Feeding
One spoon carriage consisted of a series of different behavioral
components (Figure 2): spoon departure from the starting
point, spoon arrival near the infant’s mouth, spoon insertion
into the mouth, first spoon pulling-out, (repetition of insertion
and pulling-out), final spoon withdrawal, and spoon return
to the initial position. The infant’s mouth opening to capture
food occurs typically somewhere between spoon arrival
and insertion. The relationships of the mother’s empathetic
mouth opening with the infant’s mouth opening (Arrow A),

spoon arrival (Arrow B), and spoon insertion (Arrow C)
were focused on.

A sequence of spoon movements can be divided into seven
sections by the onset times of those behavioral components. Ten
intervals were identified for analysis as indicated by Intervals ¬

to É in Figure 2. The feeding sequence was normally composed
of these sections, and a general time sequence of feeding was
separately compared between the two age points and between the
two countries on the basis of the lengths of the intervals in the
initial five spoons (Table 1).

The mother’s empathetic mouth movement was the focus
of the present study, but in Table 1, the behavior did not
show significant differences between ages in Japan and Scotland
(Wilcoxon’s rank-sum test) or between countries at Age 1 as
well as Age 2 (Mann–Whitney U test) in any of the Intervals
¬ – ±. Statistical significance was found only in the Intervals
Æ – É, i.e., preceding and following behaviors sandwiching the
interactions containing the mouth opening. Thus there were
no age or cultural differences in the length of core interactions
containing the mouth openings.

In Japan, spoon arrival time (calculated from the start of the
spoon’s movement toward the infant, Interval È) and its insertion
time (also calculated from the start of the spoon’s movement
toward the infant, Interval É) were longer at Age 1 than at
Age 2 (Wilcoxon’s rank-sum test, p’s < 0.05 and < 0.01, effect
sizes = 0.66 and 0.82, n = 10, for È and É, respectively). This
means that Japanese mothers spent longer in the preparatory
phase of feeding at Age 1. However, such an age difference was
observed in Scotland only for spoon insertion (Wilcoxon’s rank-
sum test, p’s= 0.86 and < 0.01, effect sizes= 0.06 and 0.89, n= 9,
for È and É, respectively).

The duration of spoon-in-the-mouth (calculated as the
duration between insertion and first withdrawal, Interval Æ) was
also longer at Age 1 than at Age 2 in Japan (Wilcoxon’s rank-sum
test, p < 0.01, effect size = 0.85, n = 10), but not significantly
different between ages in Scotland (Wilcoxon’s rank-sum test,
p = 0.17, effect size = 0.45, n = 9). This means that Japanese
mothers gave their infants more time for food intake at Age 1.
The total time from spoon insertion to withdrawal (i.e., final
pulling out, Interval Ç) was shorter at Age 2 than at Age 1 in
both Japan and Scotland (Wilcoxon’s rank-sum test, p < 0.01,
effect size = 0.82, n = 10), suggesting a more efficient and
cooperative food-taking behavior on the side of the infants and
smoother, more in-step food-giving on the side of the mothers
at Age 2.

The Japan–Scotland comparison shows a significantly longer
duration of the time of spoon-in-the-mouth until its withdrawal
at Age 1 (calculated as the duration of the spoon in the mouth
from insertion until the first spoon pulling-out, Interval Æ,
Mann–Whitney U = 18, p < 0.05, effect size = 0.51, n = 19),
but not at Age 2 in Japan. This indicates that Japanese mothers
were more patient and appeared to wait for their young infants to
take the food from the spoon when it was in the mouth than their
Scottish counterparts with their 6-month-old infants. Conversely,
a quicker carrying of a spoon (Interval È) was found in Japan
than in Scotland at 9 months of age (Mann–Whitney U = 91,
p = 0.01, effect size = 0.55, n = 21), but not at the earlier age.
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FIGURE 2 | The sequence of spoon-feeding segmented by the onset time of behaviors. The ten intervals denoted by circled numbers were selected for analysis.
Arrows A, B, and C are assumed causal directions of the mother’s empathetic mouth opening.

Despite their patience at the younger age, feeding times between
Japanese mothers and infants became well-coordinated quickly.

Coercive behavior (Figure 3) was seen in some mothers during
the movement of the spoon toward the infant’s mouth (Interval
È). Figure 4 shows the incidence of coercive feeding behavior
in Japanese and Scottish mother-infant dyads at Ages 1 and 2.
This behavior induced the infants to take the food, provided by
an exaggerated shooting movement of the spoon approaching
the infant’s mouth. It was significantly more frequent in Scottish
mother-infant dyads at Age 1 (Fisher’s exact test, p < 0.01), but
not at Age 2. This appears to indicate greater initiative in feeding
by Scottish mothers.

In contrast, Japanese mothers appeared inclined to adapt to
the infants’ initiative, waiting for an adequate time for their
infants to take the food. The spoon was then kept in the infants’
mouth for a significantly longer time in the Japanese dyads than
in the Scottish ones at Age 1 (Table 1). This suggests that the
Japanese mothers have greater patience and a stronger infant-
centeredness, allowing for and following their infants’ initiative
for food intake.

Relationship Between the Infants’ Mouth
Opening and Their Mothers’ Empathetic
Mouth Opening
The general analysis of the initial five spoons did not show any
significant differences in the interactions relating with mothers’

empathetic mouth movement. So the behavior was further
analyzed in detail by deliberately selected video episodes in which
the mothers’ empathetic mouth opening was clearly observable.

This behavior might be induced by the infant’s mouth opening
(Arrow A in Figure 2), the mother’s intention to insert the
spoon into her infant’s mouth at the spoon arrival might trigger
it (Arrow B), or the mother’s spoon insertion might evoke
her mouth opening (Arrow C). Coupling the timing of the
mother’s mouth opening with that of the infant’s and the spoon
arrival/insertion gives a hint to understand the mechanism
underlying the mother’s empathy.

Figure 5 is a scatter plot of the differences of the onset times
between the infants’ mouth opening and that of the mothers’
empathetic mouth openings (Interval À; y-axis), along with the
time interval from the spoon’s arrival to the mother’s mouth
opening (Interval ¯; x-axis) in Japan and Scotland. Data from
Age 1 (blue circles) and Age 2 (red squares) are presented.

Time gaps between the Scottish infants’ and mothers’ mouth
openings were more or less constant mostly within a 0–
0.5 s range. The symbols were vertically plotted over zero
for them, which means that the mothers quickly opened their
mouths almost always later than the infants’ mouth opening. In
comparison, the symbols for Japanese mothers scattered more
widely around zero, showing that the Japanese dyads were more
flexible and variable in their interaction.

The regression line at Age 1 is horizontal in Scotland, meaning
that the Scottish mothers’ mouth openings were a direct reaction
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TABLE 1 | Comparison of median behavior intervals (sec) by country and age.

From To Age Country Mann–Whitney

Japan Scotland

È Departure Arrival 1 1.77 2.18 0.97

2 1.44 1.99 0.01*

Wilcoxon 0.037* 0.86

É Departure Insertion 1 3.15 3.87 0.40

2 1.69 2.37 0.13

Wilcoxon 0.009** 0.008**

Ç Insertion Withdrawal 1 4.09 3.07 0.28

2 1.27 1.08 0.35

Wilcoxon 0.009** 0.008**

Æ Insertion Pull-out 1 3.82 1.09 0.028*

2 1.26 0.95 0.15

Wilcoxon 0.007** 0.17

Å Arrival Insertion 1 0.18 0.56 0.60

2 0.45 0.02 0.56

Wilcoxon 0.68 0.87

Â Arrival Infant’s mouth open 1 0.09 0.27 0.50

2 0.20 −0.06 0.47

Wilcoxon 0.96 0.68

Ä Infant’s mouth open Insertion 1 0.32 0.24 0.66

2 0.39 0.36 0.51

Wilcoxon 0.39 0.31

À Infant’s mouth open Mother’s mouth open 1 0.11 0.14 0.30

2 0.35 0.37 0.74

Wilcoxon 0.26 0.86

Ã Arrival Mother’s mouth open 1 0.01 0.58 0.05

2 0.40 0.42 0.80

Wilcoxon 0.14 0.44

Á Mother’s mouth open Insertion 1 0.04 0.01 0.22

2 0.11 0.15 1.00

Wilcoxon 0.44 0.26

**p < 0.01, *p < 0.05.
The bold means statistical significance.

to the infants’ preceding mouth opening irrespective of the
length of time after spoon arrival. This is related to the mothers’

FIGURE 3 | Coercive behavior in a Scottish mother. The mother performs a
shooting movement of the spoon toward her infant.

coerciveness in feeding. At Age 2, however, the time gap in
Scotland decreased with the time after arrival. This reflects
a change in the Scottish infants at Age 2 to start opening
their mouths even before the spoon arrival by reading their
mothers’ intention.

In contrast, some Japanese mothers opened their mouths
earlier than their infants’ mouth opening (the symbols plotted
under zero). This means that Japanese mothers’ mouth openings
were not a direct reaction to their infants’ behaviors, but were
induced by the mother’s own anticipation or intention. It is
notable that the time elapsed from the infant’s mouth opening
to the mother’s mouth opening increased along with the length
of time from spoon arrival at both Ages, which suggests that
the Japanese mothers’ mouth opening was always linked with
her own spoon carriage rather than evoked by the preceding
infants’ mouth opening.

Figure 6 compares the times of the infants’ mouth opening
(blue circles) and the mothers’ mouth opening (red squares) after
the moment of the spoon’s arrival distributed along the time
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FIGURE 4 | Coercive feeding in Japanese and the Scottish mothers at Age 1 (left) and Age 2 (right). Fisher’s exact test demonstrated significance between countries
at Age 1, but not at Age 2. The differences in Ages 1 and 2 are significant (p < 0.01) and not significant, respectively.

FIGURE 5 | Time differences (Sec) in the onset of the infant’s mouth opening to that of mother’s mouth opening (Interval ¬; y-axis) along the time from spoon arrival
to the mother’s mouth opening (Interval ¯; x-axis) at Age 1 (blue) and Age 2 (red) in Japan (left) and Scotland (right). *p < 0.05, +p < 0.10.

elapsed from the spoon arrival to its insertion. The dashed line
indicates the time of spoon insertion after arrival. If the mouth
openings of the mothers and infants were induced by spoon
insertion, then the lines would parallel the dashed line. When
the regression lines are below the dashed line, it means that
the mouth opened before spoon insertion. But if the occurrence
is coupled with spoon arrival, the regression lines should be
horizontal, near the zero level.

Naturally, the infants’ mouth opened near the time of spoon
insertion, and the blue lines are almost parallel to the dashed
line. The red lines are also parallel to and overlap the dashed
line in Scotland, which means that the Scottish mothers showed
perfect co-occurrence of spoon insertion and the infant’s and
mother’s mouth openings.

On the other hand, Japanese mothers (red lines of the top two
figures) showed a quite different tendency, i.e., being constantly
horizontal at slightly above the zero level, which means that
the Japanese mothers tended to open their mouths immediately

following the spoon arrival irrespective of the time of the spoon
insertion (proving Arrow B rather than A or C of Figure 2). In
other words, the Japanese mothers apparently carried the spoon
to the arrival point at just the right moment for the infants’
food intake judged from their infants’ state, and adjusted the
spoon carriage to that state. The mothers stagnated the spoon and
waited for the infant’s mouth opening if the infants unexpectedly
did not show it immediately. This appears to be a more infant-
centered feeding style that observes and imagines their infants’
state, anticipating their infant’s food taking. The mother’s mouth
opening was thought to be caused by her empathetic motivation.
In comparison, the Scottish mothers adapted the carriage of the
spoon to the infants’ condition after arrival. Together with their
high incidence of coercive feeding, this suggests a more assertive
feeding style that attempts to lead the infants. This suggests their
mouth opening was a response to the infant’s food-taking evoked
by the mothers’ coercive spoon carriage (Arrow A rather than B
or C of Figure 2).
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FIGURE 6 | Time (Sec) of the mouth opening by the infants (blue) and the mothers (red) after the spoon arrival (Intervals ® and ¯; y-axis) along the time elapsed after
the spoon arrival to insertion (Interval ±; x-axis). The dashed line indicates the time of spoon insertion after arrival. **p < 0.01.

The Scottish dyads were concentrated around the left-end
zone of the horizontal axis. That is, little arrival-insertion
gap, indicating that the spoon was pushed directly to the
infant’s mouth without preceding stagnation or adjustment. This
tendency can be pointed out in Scotland at both Ages 1 and 2,
but is particularly remarkable at 9 months of age. The symbols of
Japanese dyads were more widely scattered because the mothers
tended to be more deliberate in attuning to their infant’s initiative
before they initiated carriage of the spoon for feeding.

More constant reaction of the Scottish mothers to the
infants’ mouth opening with a short interval mentioned above
suggests that their intersubjectivity was directly triggered by the
infants’ mouth opening. Intersubjectivity among the Japanese
mothers, in contrast, appears to be based on empathy with
the infants’ intentions. In other words, the Japanese mothers’
intersubjectivity was of a more anticipatory nature that followed
their infant’s initiative, and the Scottish mothers’ intersubjectivity
was of more directive.

The analyses above show the connection between the mouth
openings of infants and mothers. To examine the regularity of
the interactions containing the mouth openings of the mother
and infants, the correlation matrix of Intervals À to Å at
Age 1 and Age 2 by Spearman’s rho are shown separately for
Japanese and Scottish dyads in Table 2. Regularity demonstrated

by high correlations between the intervals was thought as
an evidence of structuredness of the feeding sequence, which
made the mothers and infants to synchronize their mutual
behaviors easier.

The most conspicuous result is the high ratio of significant
correlations among the intervals at 9 months in Scotland.
Particularly, there was an increase of significant correlations in
the combinations with the infants’ mouth opening in Scottish
dyads compared to Japanese ones. This means that the time series
of behaviors was more structured and therefore predictable in
Scotland at Age 2.

We interpret this higher correlation as a result of reduced
lability on the infant behavior due to the coercive maternal
feeding style. This gave a compelling, structured interaction.
Thus, the Scottish infants were unable to adjust their behaviors to
this feeding style at Age 1, and later came to adjust their behavior
to the mothers’ feeding at Age 2.

In contrast, the Japanese mothers allowed greater freedom for
their infants, which was possible by the more sensitively attuned
feeding by the mothers that followed their infants and made the
interaction more flexible. In Japan, the interactions became more
complex, because the infants’ spontaneity was prioritized and
thereby interactions were more diverse. Thus the correlation of
the Japanese dyads remained low at Age 2.
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TABLE 2 | Correlations of length of intervals at Age 1 (Top) and Age 2 (Bottom).

Age 1 From arrival to
insertion Å

From arrival to
infant’s mouth

open Â

From infant’s
mouth open to

insertion Ä

From infant’s
mouth open to
mother’s mouth

open À

From arrival to
mother’s mouth

open Ã

From mother’s
mouth open to

insertion Á

Japan From arrival to insertion Å 1.000 0.976** −0.399 −0.276 0.494 0.059

From arrival to infant’s
mouth open Â

1.000 −0.345 −0.383 0.417 0.133

From infant’s mouth open
to insertion Ä

1.000 0.267 −0.250 0.117

From infant’s mouth open
to mother’s mouth open À

1.000 0.567 −0.750*

From arrival to mother’s
mouth open Ã

1.000 −0.783*

From mother’s mouth open
to insertion Á

1.000

Scotland From arrival to insertion Å 1.000 0.831** −0.051 −0.034 0.695* −0.186

From arrival to infant’s
mouth open Â

1.000 −0.150 −0.367 0.800** 0.017

From infant’s mouth open
to insertion Ä

1.000 0.017 −0.267 0.017

From infant’s mouth open
to mother’s mouth open À

1.000 0.183 −0.833**

From arrival to mother’s
mouth open Ã

1.000 −0.450

From mother’s mouth open
to insertion Á

1.000

Age 2 From arrival to
insertion Å

From arrival to
infant’s mouth

open Â

From infant’s
mouth open to

insertion Ä

From infant’s
mouth open to
mother’s mouth

open À

From arrival to
mother’s mouth

open Ã

From mother’s
mouth open to

insertion Á

Japan From arrival to insertion Å 1.000 0.655* 0.309 −0.455 0.224 0.564

From arrival to infant’s
mouth open Â

1.000 −0.309 −0.624 0.115 0.527

From infant’s mouth open
to insertion Ä

1.000 0.188 0.345 −0.006

From infant’s mouth open
to mother’s mouth open À

1.000 0.539 −0.915**

From arrival to mother’s
mouth open Ã

1.000 −0.479

From mother’s mouth open
to insertion Á

1.000

Scotland From arrival to insertion Å 1.000 0.899** −0.795** −0.860** 0.847** −0.317

From arrival to infant’s
mouth open Â

1.000 −0.879** −0.758* 0.964** −0.600

From infant’s mouth open
to insertion Ä

1.000 0.806** −0.794** 0.345

From infant’s mouth open
to mother’s mouth open À

1.000 −0.648* 0.212

From arrival to mother’s
mouth open Ã

1.000 −0.564

From mother’s mouth open
to insertion Á

1.000

**p < 0.01, *p < 0.05.
The bold means statistical significance.
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DISCUSSION

The results indicated that Japanese mothers were more attuned to
their infants’ states during feeding when the infants were at Age 1.
In contrast, the Scottish mothers were more assertive in the spoon
carriage with displays of coercive behavior with their 6-month-
old infants. The mothers of both countries frequently opened
their mouths when their infants’ mouths opened to take food.
The Scottish mothers’ mouth openings occurred as a response
to the infants’ mouth opening by the spoon insertion, which
itself was initiated by their more directive, mother-centered style
of feeding. In contrast, Japanese mothers opened their mouths
by empathic anticipation, encouraging their infants’ food-taking
behavior based on a more affective infant-centeredness.

Synchrony and Intersubjectivity
Temporal coordination in the mother-infant interaction during
feeding is guaranteed by the infants’ timely mouth opening at the
moment of spoon insertion and the mothers’ adjustment of their
behavior to the infants’ states.

The infants opened their mouths almost simultaneously but
slightly earlier than the spoon insertion. This behavior was
possible because of the infants’ anticipation of the insertion, to
which Tau Theory might be applicable for an explanation of
the perception of gap-closure (Lee, 1976; Lee, 2009) operative
in infant perception and action (Agyei et al., 2016; Delafield-
Butt et al., 2018). This could be an underlying mechanism of the
intersubjectivity between infants and mothers.

The infants responsively adjusted their mouth behavior to the
mothers’ spoon carriage. Mothers also carried the spoon at the
right moment for coordinated action and common purpose with
their infants, which requires the mother to perceive her infant’s
state of readiness, interest, and intention correctly. As the present
study demonstrates, mothers open their mouths to their infants’
food intake. This mother–infant symmetry of behaviors is strong
evidence of their intersubjectivity. The mothers gave food to
the infants, but simultaneously behave as if they were being fed
as well, which shows shared feeling. Mothers’ mouth opening
occurred slightly later than the mouth opening of their infants,
a feature more evident in Scotland.

Maternal experience of mother–infant intersubjectivity is
different from, but deeply related to their infant’s experience of
that same intersubjectivity (Trevarthen, 2001). Food-providing
by mothers is a uniquely human behavior, allowing the mothers’
intersubjectivity and the infants’ intersubjectivity to intersect in a
clear and explicit manner in body movement and overt behavior.
According to Trevarthen and Hubley (1978) and Trevarthen
(1998), infants acquire secondary intersubjectivity at 9 months,
characterized by a genuine triadic relationship (Tomasello, 1995;
Negayama, forthcoming). The well-coordinated feeding of the
Scottish mothers and infants at 9 months despite the mothers’
coercive feeding at 6 months as well as the Japanese infants’
quicker food taking at 9 months than at 6 months can be
explained by the developing attunement of the 9-month-old
infants to the shared object, the spoon.

Co-occurrence of the same mouth openings (mirroring) in
mothers and infants is another unique characteristic of human

feeding. The synchronous mouth opening by a feeder was also
observed in an infant’s father and a 2-year-old sibling at feeding
infant (Negayama, 2006). Joint attention of the mother and the
infant to an object in a triadic relationship requires taking the
other’s perspective (Tomasello et al., 1993). This allows for infant
learning the particular mindedness of his or her mother. Learning
such perspective-taking is embodied within the intersubjective
engagement between the mother and infant.

Tickling play is another interaction between mother and
infant with joint attention to a part of the infant’s body,
which similarly demonstrates this proto-triadic relationship
evident at 6 months (Negayama, 2012). Feeding is another
special, preliminary type of triadic relationship between
mothers, infants, and food as a target. Food stimulates
the infants’ naso-oral sense organs, but it also arouses
the mothers’ taste and tactile naso-oral sensations. This is
another dimension of mother-infant empathy, enriching the
intersubjective triadic relationship with imagined expectations
and real sensory experiences of taste, naso-oral sensations
and sensorimotor tasks. And mother and infant ultimately
share in the pleasure or displeasure in the accomplishment
of the shared project (Delafield-Butt, 2018). This resonant
relationship of intercorporeality can be understood as
“embodied simulation” (Gallese, 2009), and the embodied triadic
relationship is called a quasi-triadic relationship (Negayama,
forthcoming; Negayama and Nakano, in press). Feeding
shares the same basis of learning in co-created, co-operative
projects that form the foundation of shared meaning-making
invariant in human life (Trevarthen and Delafield-Butt, 2015;
Delafield-Butt and Trevarthen, 2020).

Age and Cultural Differences
The Scottish mothers appeared more coercive and took the
initiative to provide food at 6 months of age, and their infants
followed them. Furthermore, their tendency to push a spoon
into the infant’s mouth without a preceding stagnation or
adjustment sensitive to their infant’s intention was observed.
The Scottish mothers were more mother-centered, and the
infants adjusted their behavior to their mothers. This means
that the process was framed by the mothers’ leadership,
and the structure became simpler because of the infants’
compliance.

In contrast, there was a greater flexibility in Japanese mothers,
which was related to their long and deliberate spoon carriage
by their infant-centeredness and cooperativeness. The Japanese
mothers in the infant pick-up experiment of this study were
also gentler and more deliberate with kneeling and had a slower
approach before picking up the infants than the Scottish mothers,
and the Scottish mothers were quicker in crouching to pick up
the infants than the Japanese mothers (Negayama et al., 2015).
Therefore, the Japanese mothers’ intersubjectivity was framed by
expectation of the infants’ food-taking rather than mirroring of
the infants’ behavior.

The Japanese mothers’ mouth opened with a constant length
of time after arrival, irrespective of the time to insertion. In other
words, the mothers started the carriage at an appropriate time
for food intake and did not need to adjust the movement to
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the infant state after departure, because the two were already
aligned: the Japanese infants were more autonomous than the
Scottish infants, and the Japanese mothers followed their infants
and waited for the right time to bring the spoon of food for
feeding by monitoring them.

It is also notable that some Japanese mothers opened their
mouths earlier than the infants’ mouth opening. These could be
signs of anticipatory intersubjectivity among the Japanese dyads,
and the infants would gradually learn the same psychological
trait of intention-reading through the above-mentioned resonant
experience between mother and infant at 6 months of age.

Such empathy-driven intersubjectivity is more likely to
characterize Japanese dyads with infant-centeredness in their
mothers. Japanese mothers’ strong empathy was also pointed out
when putting the infants to sleep with physical contact. This was
to avoid a sadness or hardship on both sides by being left alone
(Negayama, 1997), which could be related to ‘Amae’ (Doi, 1992).
In Scotland, on the other hand, the mothers’ strong coerciveness
during feeding played an important role in its shared timing or
synchrony. This is similar with Scottish mothers’ preference for
isolated sleeping in a bed separate from their infants (Negayama,
2006, forthcoming). The Scottish mothers then mirrored their
infants’ mouth opening, generating a reactive intersubjectivity.
At 9 months, i.e., the age of secondary intersubjectivity and
genuine triadic relationship, however, the Scottish infants became
to open their mouth before the spoon insertion by reading the
mother’s intention.

Intersubjectivity is the basis of coordination of feelings,
intentions, and desires between bodies (Trevarthen, 2001).
This coordination of movement and voice develops a shared
project, or narrative, that allows for the development of inter-
personal and cultural meaning (Gratier and Trevarthen, 2008;
Malloch and Trevarthen, 2009b; Trevarthen and Delafield-Butt,
2013; Delafield-Butt and Trevarthen, 2015; Delafield-Butt, 2018).
Mother-infant feeding timing and synchronization of mouth
movements serve as indicators, or physical expressions of an
embodied intersubjective resonance between them, serving to
structure and organize the shared project. The different elements
of timing, anticipation, and empathetic mirroring underpin the
process. In this paper, we have identified differences in these
psycho-motor structures that illustrate two different cultural
types of intersubjectivity in Japan and Scotland, and suggested
how these become culturally transmitted, and learned by the
next generation.

Intentions are carried in movement, and the source of those
intentions (empathetic or directive, as we have found here)
becomes apparent in their shared experience. This allows learning
of the particular maternal characteristics of mind-mindedness
(Meins et al., 2002), and the transmission of a culture. Murray
et al. (2018) postulate neurofunctional architecture which
increases an occurrence of infant behavior when a caregiver
mirrors the infant behavior. This functional architecture is a
part of intersubjectivity of infants to respond in certain ways
to specific forms of parental display (Murray et al., 2016).
Bozicevic et al. (2021) demonstrate that cultural difference in
maternal responsiveness mediate difference in the infant’s later
communicative behavior.

Two different types of parenting have been repeatedly pointed
out in contexts other than feeding: control or regulator type
and warmth or facilitator type (Raphael-Leff, 1993; Azuma,
1994; Bornstein, 2015). These studies show Japanese parenting
can be classified as the latter type, relying more on affective
ties and empathy than parental control. On the other hand,
Western parenting can be relatively classified as the former type.
Our present result follows this dichotomy, and the different
characteristics of intersubjectivity in feeding between Japan and
Scotland described here are embodied in it. Japanese mothers’
lack of happiness and satisfaction in their motherhood compared
to French and American mothers (Negayama et al., 2012) could
be related to this limited autonomy in mothers.

Study Limitations and Future Work
First of all, this study is based on a small sample size, and
the findings should hence be taken with caution despite an
availability of other studies providing support for the current
conclusion. Non-parametric tests applied to the small sample
size have limited what we could determine. It should also be
noted that this study took place in semi-naturalistic conditions
within a public, laboratory setting in front of video and motion
capture cameras. Although the mothers were instructed to behave
normally, they were on stage in public, and this may have affected
their intersubjective posture with their infants. The performance
we observed may have been a publicly acceptable form of
interaction that might have differed from that in private. Future
studies will confirm these results with unobtrusive video. Recent
advances in markerless motion capture technology for more
naturalistic data collection could test for potential differences
between public and private forms of intersubjective cooperation
in feeding, and in other shared behaviors.

Further Perspectives
Eating is not just an activity where children take food to their
mouths and swallow it. Instead, it is a cluster of behaviors
related to parent-child relationships in a broader context. Feeding
is a social activity involving both cooperation and antagonism
between mothers and infants. Infants’ desires about what, when,
and how they eat do not always accord with the expectations
of their mothers. Parents and infants sometimes conflict with
each other and try to read each other’s intentions and negotiate.
The onset of refusal behavior by children in the transition
from dependent to independent eating is a meaningful change
(Negayama, 2011). This happens at about 9 months of age, the
beginning of the genuine triadic relationship (Negayama, 1993).

Children trying to eat in the way they want and rejecting their
parents’ control frustrates their parents who want to feed them
properly. The children read the parents’ intentions and try to
manipulate them. This is related to parents’ pushy feeding or
coercive control, showing the conflicting nature of eating as a
situation of mutual manipulation by the parents and the children
(Jansen et al., 2017).

Through such negotiation and co-regulation, children
establish a parent-child centrifugalism, promoting independence
from their parents. It is not a coincidence that these changes
co-occur with the development of secondary intersubjectivity
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at 9 months of age. Kawata (2014) explained this kind of
children’s protest for autonomy in eating as “psychological
reactance” (Brehm and Brehm, 2013). Companionship between
mother and infant develops on the basis of this co-regulation
(Trevarthen, 2006).
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