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Abstract

Social gestures convey one’s own intentions or the other’s mental state in face-to-
face interactions. Kumashiro and colleagues have shown that monkeys can communicate
with humans through social gestures (Kumashiro et al., 2002, 2003, 2008). Eye contact
has a robust role of social gestures. It directs the monkey’s attention towards the human,
and the monkey will start perceiving the human as a communicator. Direct eye gaze,
however, occasionally generates fear or some sort of similar emotions. Some monkeys
avoid the human’s eyes. Our hypothesis was that social touch would be effective in
trying to make eye contact or maintaining social interactions. In case 1, we investigated
whether social touch would bring the monkey’s eye contact with a human. We gently
stroked the face or the arm as the body parts of petting in short or long duration.
Monkey’s eye contact with the human was induced by arm-petting and was effective in
directing the monkey’s attention towards the human’s face or hand. In case 2, another
monkey which already acquired eye contact, pointing, and imitation was subjected. We
tested whether social touch would be effective for eating food which the monkey would
not otherwise eat. Although social touch did not ameliorate the eating behavior, we
found that it was effective for reducing annoying behavior, i.e., throwing food. Gentle
stroking by the human’s hand is the most convenient treatment for the establishment of
communication between the monkey and the human partner. These findings may also

have methodological implications for basic or clinical researches of social gestures.

a character on the video in social interactions with the human
[5], and also imitated the human’s action naturally [6]. Another
monkey, which failed to make eye contact with the human, could
neither choose the correct one nor imitate human'’s actions. After
this monkey was trained for making eye contact, he became
to imitate human’s actions. Eye contact would be capable of
triggering joint attention [5-7], which is looking where someone
else is looking [17]. Although the definition of imitation varies
among the researchers (such as,[18]), the monkeys imitate the
human models or actions through joint attention [6,7]. Mirror
neurons, that discharged not only when a monkey did action
directed at a target but also when the monkey observed the
same action, was discovered in the monkey’s ventral premotor
area F5 [19-21]. Neurons with mirror properties in monkeys are
associated with joint attention [22], requiring extra attention to
the target not just the direction of other’s gaze. Other’s eye gaze

INTRODUCTION

Face-to-face interactions through eye gaze forms the
foundation of social communication in humans [1-3] and even
in non-human primates [4-7]. In humans, it becomes related to
emotion [8] or empathy [9]. Infant’s looking at the mother plays an
importantrole [10,11]. Paradoxical eye gaze in social interactions
has been presented by people who have autistic disorder [12,13]
or psychopathic traits [14]. Given the importance of social
gestures, clarifying the monkey’s mechanisms would serve an
active understanding of social or developmental disorders at
single cell level. A recent work found that face-to-face interactions
in infant monkeys promoted later social behavior [15]. Reaching
deficits after some ventral premotor lesions were ameliorated by
face-to-face interactions through eye gaze or pointing in monkeys
[16].

Kumashiro et al. (2002) showed that a monkey correctly
chose a baited cup between two cups or an experimenter’s
hand hiding food between both hands by using human’s gaze or
pointing cues [5]. This monkey screamed out while pointing at

modulates mirror neurons in monkeys [23]. The research of eye
gaze behavior would lead to find scaffolding function of mirror
properties on the other. Mirror neurons system, comprising the
inferior frontal gyrus and the inferior parietal gyrus, and which
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receives a visual input from the superior temporal sulcus [24],
appears to be related to language [25], empathy [26-28], and
imitation [26,29,30] in humans. Wang et al. (2011) demonstrated
that the sensory input to the mirror system was modulated by
an interaction between imitation and eye contact in the medial
prefrontal cortex [31].

Monkeys could make eye contact with the human partner
after two days from the beginning of education in eye contact
(see,[7])- A few monkeys, probably for being afraid of humans,
would avoid making eye contact with the humans, when we tried
to provide Kumashiro’s education of eye contact. They might pull
the partner’s clothes or do nothing. The partner should reduce
the monkey’s fear or stress to the human. Up to date, there was no
report describing the way to reduce monkey’s annoying behavior
and to make eye contact between the monkey and the human.
The monkey’s amygdala responds to the scream as a fearful
expression of monkeys on the video [32], or responds to monkey’s
eye contact presented as the direct gaze of the visual stimuli [33].
Monkeys with amygdala lesions increase social interactions and
decrease anxiety [34]. Suppression of activations in part of the
amygdala in monkeys might be a key to make eye contact socially.
Kumashiro monkeys have communicated with experimenters by
their gentle stroking of social touch. In humans, a gentle stroking,
slow velocity of 1-10 cm/s, elicits pleasantness [35]. C-tactile
afferent fibers increase firing when the skin is stroked at a
pleasant speed of 3 cm/sec., and it induces the response of the
posterior insular cortex [36]. Tactile stimulation reduces infant’s
physiological responsiveness to stress [37]. The pleasant touch
is useful for developing social interactions [38]. Touch is one of
the earliest interactions between a caregiver and a child [39]. It
is important for the growth and development of human infants
[40]. The frequency of the gentle touch for children positively
correlates social interest [41]. Human infants emit more eye
contact and they spend less time crying during touch condition
[42]. Although it has been scarcely examined in monkeys, touch
appears to have positive effects on monkeys: monkey’s infants
received to extra handling in neonatal period demonstrated more
social skills than infants without additional handling particularly
in new situations [43].

Social touch was presumed to be effective in face-to-face
interactions between the human partner and the monkey. We
investigated whether the social touch facilitated the establishment
of eye contact. Dogs prefer petting to vocal praise [44]. In the
effect of social touch on the human, the blood pressure levels
of humans were at resting levels during tactile dog interaction
with tactile contact comfort [45]. Pretending-to-eat food by the
human in front of the monkey also might be useful for directing
the monkey’s attention towards the human'’s face. In case 1, we
gently stroked the monkey or pretend to eat food in front of the
monkey in order to decide which treatments would be effective
for monkey’s eye contact. In case 2, we investigated whether
the social touch could be usable as the social praise for the sake
of maintaining the quality of social interactions between the
monkey and the human. A subject which participated in case 2,
different from the subject in case 1, already had made eye contact
with the partner, imitated the partner’s hand movements, and
pointed to the monkey’s desirable food or place. The social praise
but not food rewards would be thought to play an important

role in maintaining social interactions even monkeys. Taira and
Rolls (1996) showed that the social touch of monkeys by the
experimenter could be applied as a positive reinforce of operant
conditioning [46]. In domestic dogs, petting appears to be an
important interaction between dogs and humans that might
maintain inter-specific social behavior but vocal praise likely
has to be specifically conditioned [44]. In case 2, the monkey
was praised by social touch when the monkey ate the food that
the monkey did not eat or was reluctant to eat. The clapping was
chosen as praise. Clapping was used as applause in humans [47].
This monkey could clap by imitation of human models and share
it with the human.

Case 1: two treatments, petting and pretending to eat,
in the first face-to-face interactions

Method: We arranged three petting treatments and a
pretending-to-eat treatment to make monkey’s eye contact with
an experimenter. We assigned face and arm for the target parts
of petting. We set two durations, five minutes or 30 seconds,
as petting durations. We developed a real-time method. By
this method, we progressively assessed the monkey’s state of
the moment in the session. Then, we could change the order of
treatments by the response of the monkey.

Subject: A subject was a Japanese monkey, Macacafuscata
(Yayoi: female, about 7 kg), housed in the single cage. The subject
drank water from 600 to 1200 ml per day in the cage. The
monkey chow was given 100-300 g daily. The caretakers have
been giving food to the subject in the cage by the hand for more
than 10 years. Fresh fruits or vegetables were sometimes given
in non-experiment days. This study was approved by the Animal
and Use Committees at Tamagawa University, and all husbandry
and experimental procedures were in accordance with the
institutional guidelines.

Procedure: The subject seated comfortably in a primate chair
(Muromachi Kikai, Co., Ltd.), facing an experimenter at a distance
of 40-70 cm in an isolated experimental room. All sessions were
video-recorded through web camera (Logicool, Co., Ltd.) or video
camera (Panasonic, Co., Ltd.) set in front of a table.

We designed the three petting treatments, the pretending-
to-eat treatment and the eye contact education. The foods used
by feeding were sliced apples, sliced sweet potatoes, a piece of
bananas, or torn raisins. The monkey had received surgery but
did not participate in any eye-contact experiment before the
current case. The experimenter washed and put antiseptics on
her head’ wound for about 20 minutes each time just after the
subject entered into the experimental room. The experimenter
seated across or diagonally in front of the subject. Although the
experimenter started providing a predetermined treatment,
the experimenter sometimes presented a slice of apples, sweet
potatoes, raisins, or bananas at eye level between the subject
and the experimenter in order to check whether the subject was
able to look at the experimenter’s face through food (see, [7]).
Eat was the pretending-to-eat treatment that the experimenter
pretended to eat food in front of the subject (Figure 1a). The face-
petting treatment named as pFace was that the experimenter
gently stroked the subject’s face with her palm for 30 seconds
on average (Figure 1b). There were two arm-petting treatments

J Neurol Disord Stroke 6(3): 1144 (2018)

2/10



@SCiMCdCentrai

Kumashiro et al. (2018)
Email: mari@lab.tamagawa.ac.jp

(Figure 1c). One was pArm5m that the experimenter gently
stroked the subject’s arm or hand with the fingertips of mainly
second, third, and forth fingers of the experimenter for about five
minutes. The other was pArm30s. It was the same as pArm5m
but the petting period was about 30 seconds. The velocity of
stroke was mostly 1-5 cm per second in each treatment. The
subject occasionally pulled and gave the experimenter a bear
hug, and the experimenter gently stroked the subject’s trunk
including the back in that position in order to loosen the subject’s
hand. However, the subject showed the desperately unpleasant
behavior in the face and trunk petting on the sixth day. This
session was pFace Trunk. The education of eye contact was EC.
When the experimenter made eye contact with the subject, the
experimenter gave the food to the subject (see [7]). When the
subject succeeded in making eye contact with the experimenter
without annoying behavior in two successive sessions, eye
contact education session was temporarily suspended and
another experiment was scheduled. The timing of giving food
varied depending on sessions. For example, the experimenter
did not give the subject food for 30 seconds in pArm30s but
for five minutes in pArm5m. The eating behavior of the subject
was excluded from the data analysis, because the monkey
sometimes pushed the food out after the experimenter gave it.
The experimenter determined the order of treatments according
to states of subject’s attention. When the subject continuously
ate the food or the monkey’s state was stable, the treatment was
not changed. In pFace, one trial was a petting treatment for about
30 seconds. One session in pFace was composed of five trials on
average. In Eat, one trial was one pretending-to-eat treatment.
On session of Eat and pArm30s consisted of about six trials on
average. One session of pArm5m was one trial. The video was
recorded every session.

Video analysis: To count the subject’s annoying behavior in
four treatments and EC, we analyzed the recorded video data with
the software, The Observer XT 10.5 (Noldus). An expert observer
coded from the video data as follows. Pulling-behavior occurred
at significant frequency by monkeys when the monkey faced
the experimenter. One-time grab or touch during the monkey’
s pulling of the experimenter’ s white coat or hand/arm in one
treatment session or an eye contact education session was coded
as “pulling-behavior” . For example, when the monkey pulled the
white coat with one hand and grabbed it with the other hand, the
number of “pulling-behavior” was counted as twice. We counted
the attention behavior of the subject. The looking behavior to the
experimenter’s arm/hand, including the monkey’s arm/hand,
was coded as “attention-hand (aHAND)”. The looking behavior to
the experimenter’s face was coded as “attention-face (aFACE)”.
We calculated the number of the above events and recorded the
duration of one session. We calculated the average number of
occurrences of the events per minute in each session.

Results & Discussion: The total sessions in the real-time
method were 33 sessions. Figure 2 shows the actual flow,
including the session duration and pulling-behavior, in all
sessions. The actual flow of all sessions was as follows: pFace,
pFace, pFace, Eat, Eat, pFace, pFace, Eat, Eat, pFace, Eat, pArm5m,
Ec, Ec, Ec, Ec, Ec, Eat, pFaceTrunk, pArm5m, pArm5m, pArm5m,
pArm30s, pArm30s, pArm30s, pArm30s, pArm30s, pArm5m,
pArm5m, EC, EC, pArm5m, pArm5m. The experimenter switched

Figure 1 The examples of Eat, pFace and pArm. (A) Eat: the
experimenter pretended to eat. (B) pFace: the experimenter gently
stroked the monkey’s face. (C) pArm: the experimenter gently stroked
the monkey’s arm.
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Figure 2 Actual treatment flow of all sessions for nine days. The left
vertical axis shows the number that the monkey pulled the human’s
clothes (a line graph). The right vertical axis shows the required time
for one session (a bar graph). The upper part of horizontal axis shows
the name of the session and the day. The lower part of horizontal axis
shows the sequential order of sessions.

from predetermined Eat to the first EC session because the subject
looked at the experimenter when the experimenter implemented
the first trial of EC. The average and SD of session duration was
about 410 and 174 seconds respectively. The monkey froze and
did not show pulling-behavior on the first day, both are common
when monkeys encounter the first situation.

Figure 3 shows the number of pulling-behavior per minute in
each treatment. This graph excluded the first and second sessions
on the first day in pFace. Average number of pulling-behavior
per minute was the lowest in pArm30s (pFace: 5.9 pulling-
behavior/min., Eat: 3.8, pArm5min: 2.3, EC: 1.1, pArm30s: 0.5).
Short term arm-petting was especially effective to prevent face-
to-face interactions from the annoying behavior. The number of
pulling-behavior in pFace was more than five times per minute
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even after the fifth session. The grooming on monkey’s arm,
chest, and mouth by the familiar person reduces the heart rate
(HR) [48]. The grooming on monkey’ mouth, especially, leads
to the lowest HR and the highest heart rate variability (HRV)
values among three grooming conditions. The sensation, whether
pleasant or unpleasant, might be altered by the degree of social
communication.

We recorded the looking behavior of the monkey to the human
face or hands. The looking behavior and pulling-behavior were
negatively correlated (r=-0.42). We found that the number of the
looking behavior was increased after EC (Figure 4,5). EC had a
powerful effect on directing the monkey’s attention towards not
only the face but also hand. The control of the monkey’s attention
is necessary for imitation of monkeys [6,7]. Our result elicits
an idea that eye contact forms the basement of the monkey’s
imitation since imitation requires the attention towards the
model. Activations of mirror neurons might be triggered by the
attention towards the human [49]. The looking behavior was
observed during Eat before EC. Pretending-to-eat would be
candidate to activate the monkey’s attention towards the actor.
This treatment, however, would not be a suitable intervention
for reducing the annoying behavior during unstable interactions
between the monkey and the human.

In sum, arm-petting was more effective than other treatments
in reducing the annoying behavior. We succeeded in making eye
contact with the monkey after the first pArm5min. The monkey
gazed steadily at the human partner’s eyes in EC (Figure 6). We
consider that gentle stroking of arm reduces the monkey’s fear to
the human. The monkeys could recognize the humans, who were
different species from them, as agents with a certain intention of
social interactions.

Case 2: Two praises, petting or clapping, in social
interactions

Method: We investigated whether the social touch was
effective as one of social praises on the monkey that had already
interacted with the human. We designed two praises, petting the
monkey’s face and clapping with the hands. The human partner
would give social praises to the monkey when she ate the food
which she was reluctant to eat. The monkey had already imitated
the human clap-model before the beginning of this study.

Subject: The subject was a Japanese monkey, Macacafuscata
(Kiki: female, about 6 kg), housed in a single cage. The subject
drank water from 600 to 1200 ml per day in the cage. The monkey
chow was given 100-300 g daily. Small amount of fresh fruits or
vegetables was sometimes given in non-experiment days in the
cage. The subject had already been educated eye contact, pointing,
and imitation (Figure 7) by the same method as the previous
experiments (refer to the section of pre-training in Kumashiro et
al,, 2002 or the training in Kumashiro et al.,, 2008). The subject
had interacted with the human through gaze behavior, pointing,
or imitation before this experiment in the experimental room,
seated comfortably in the primate chair (Muromachi Kikai, Co.,
Ltd) diagonally or oppositely. This study was approved by the
Animal Care and Use Committees at Tamagawa University, and
all husbandry and experimental procedures were in accordance
with the institutional guidelines.
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Figure 3 The number of pulling behavior per minute in each treatment;
it was the lowest in pArm30sec. The first and second sessions in pFace
were excluded.
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Figure 4 The monkey’s attention towards the experimenter’s face or
hand; the vertical axis of the upper and lower graphs were the number
that the monkey was looking at the experimenter’s face and at the
experimenter’s hand, respectively. Looking behavior in EC was not
measured.
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Figure 5 The monkey’s looking behavior toward the experimenter’s
face in pArm5min.
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Figure 6 The monkey’s eye contact with the experimenter in EC.

(B)

Figure 7 The examples of two imitations. (A) hand-nose: the monkey
touched the nose with her hand after the experimenter showed the
hand-nose model. (B) clap: the monkey clapped after the experimenter
clapped.

Procedure: The subject seated comfortably in the primate
chair (Muromachi Kikai, Co. Ltd.), facing the experimenter
at a distance of 40-70 cm in the isolated experimental room.
All experiments were video-recorded through web camera
(Logicool, Co., Ltd.) or video camera (Panasonic, Co., Ltd.) in front

of the table.

The experimenter conducted the food-choice task. The sliced
three foods, apples, carrots, and sweet potato, were put in each
separated container and were aligned in a straight line on the
table. The subject pointed at one of the three different foods
herself after the food presentation. The experimenter gave the
subject the food which she chose. Next, the subject pointed at one
outof the two foods. At the end, the subject pointed at the last food.
When the subject did not point to the last food or was reluctant to
eat the food given by the experimenter, the experimenter gently
rubbed around the mouth to encourage the subject to eat it in
pFace. The subject was praised by face-petting or clapping when
she began to eat the food which the subject seldom pointed to
or she was reluctant to eat, mostly carrots. In pFace, the praise
was the gentle stroking of the subject’s face with the palm when
she started eating a slice of the food which she did not try to eat
(Figure 8a). The experimenter rubbed around the subject’s mouth
until the subject started chewing. The experimenter’s stroking
speed was1-10 cm per second in eating, but sometimes faster
than that in reluctant eating. The experimenter occasionally
stroked the subject’s face or body when the subject did nothing
or something unrelated to the task. Clapping was the other praise
condition that the experimenter clapped with the hands when
she began to eat the least favorite food (Figure 8b). One food
feeding was one trial. One block consisted of three trials. The
arrangement of three foods was changed every block. After the
subject had eaten all foods (sweet potatoes, apples, and carrots),
she proceeded to the next block. One session consisted of five
to 10 blocks. The session of the day was stopped if the subject
did not point at any food, rejected eating, or the session lasted
over about 20 minutes, with all things considered, when the
experimenter judged not to continue to the next session. It was
also implemented by the real-time method. The experiment
was preceded at the subject’s pace. Pointing or eye contact was
not forced by the experimenter. The subject played with the
experimenter in a different type of communication in order to
check the degree of social communication after the food-choice
task (in preparation). All sessions were videotaped. Experimental
design was A-B-A design, pFace, Clap, and pFace. The number
of sessions was flexible depend on the subject’s behavior. We
observed the subject’s annoying behavior, the subject’s pointing
or imitative behavior.

Video analysis: In order to observe the subject’s behavior
in response to two praises, we analyzed the videos with the
software, The Observer XT 10.5 (Noldus). The trained expert
observer coded behavior from the video data as follows.
Throwing of food was shown at significant frequency by this
subject in Clap. When the subject threw or dropped the food
provided by the experimenter, it was coded as “throwing-
food”. Pointing at the food around the container was coded as
“pointing”. Three subject’s imitations of human models, hand-
nose, grasping, and clapping (see [6,7]) were coded “hand-nose”,
“grasp”, and “clap”, respectively. When the subject turned the
face towards the experimenter and closed her eyes in Clap, this
behavior was coded as “face-turning” and measured the duration
of it. When the subject rejected food, this behavior was coded as
“food-rejection”. We counted the number of the above events.
We measured the duration of each session and the eating time of
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a piece of carrots. The stroking time of before the first clapping
session and after the last clapping session was measured because
we investigated whether the petting duration was different
between those sessions. We calculated the rates of the events
as the mean number of occurrences per minute recorded in one
session.

Results & Discussion: 24 sessions in food-choice task were
recorded for seven days. The first pFace phase was nine sessions
for two days. The Clap phases were eight sessions for two days.
The second pFace phase was seven sessions for three days. Figure
9 shows the duration of each session. The average duration in the
first pFace, Clap, and the second pFace was about 11, 9, and 17
minutes respectively. In the session interval, the experimenter
prepared the next sessions. The duration time in the second
pFace phase prolonged more than that in other phases. This
was partly due to food-rejection (Figure 10), which the monkey
rejected the food given by the experimenter. The average number
of food-rejection was 22, 6, and 36 times in the first pFace, the
Clap, and the second pFace respectively. The average eating-
duration was 220, 86, and 216 seconds in the first pFace, the Clap,
the second pFace respectively. Eating-duration of the first pFace
was similar to that of the second pFace. The food-rejection was,
however, the highest in the second pFace among three phases.
It appeared that the experience of Clap had negative effects on
the second pFace. Although the average number of trials in all
sessions of the first pFace or Clap was 30 trials, that in the second
pFace was 24 trials but one trial was a human error. Even the
human was afflicted by the aftereffect of the Clap interaction. The
pointing, especially with gaze alternation, represents a typeof
communication with the partner in monkeys [5,50]. There could
be weakened intentions of monkey’s communication with the
partner as the pointing after Clap was decreased in the second
pFace (Figure 11).

The monkey showed excessive throwing-food behavior at the
17th session in the Clap (Figure 12). The monkey often clapped
in the Clap (Figure 13). It would imply that the clap praise did
not function as a social praise for the monkey. When the praise
was changed from the Clap to the pFace, the throwing behavior
decreased rapidly. The percentage of total petting durationsi n
total session durations were about 15% in the last pFace session
before clapping and 27% in the fast pFace session after clapping.
This result showed that the experimenter used petting in order to
facilitate the monkey’s communication with the human after Clap.
The monkey frequently turned the face towards the experimenter
and sometimes closed her eyes as if the monkey was waiting for
the experimenter to stroke her face in the beginning of the Clap.
The duration of face-turning behavior was about one fifth of
the duration of the first and second Clap sessions. The monkey
might wait for petting the face by the experimenter. These results
suggest that gentle stroking reduces the annoying behavior of the
monkey, but petting praise of the face might not be sufficient to
encourage the monkey to eat the food which she did not like.

GENERAL DISCUSSION

Our hypothesis was that the social touch would have a
positive effect on social interactions between the monkey and
the human. We found that the social touch was a useful approach
to reduce the annoying behavior of monkeys in two cases. In the

(A)

Figure 8 Clapping and petting as a social praise. (A) Clap: the
experimenter clapped for the monkey. (B) pFace: the experimenter
gently stroked the monkey’s face with the palm.
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Figure 9 The session duration in all sessions. The Clap sessions led to
the remarkable increase in the second pFace.
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Figure 10 Percentage of food-rejection. Food-rejection rate was

higher than 30 percent after the last Clap session.

first case, the experimenter had the opportunity to make eye
contact with the monkey just after the experimenter stroked the
monkey’s arm gently for about five minutes. It is well-known that
adult monkeys avoid eye contact (for example, [51]). In humans,
the gentle touch tends to occur during mutual gaze with their
infants [52]. It appears to be the same in the monkey in that there
is close relationship between touch and gaze behavior since
the education of eye contact was implemented after our touch
treatment. Meanwhile, in the pretending-to-eat treatment, the
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Figure 13 The number of occurrences in monkey’s imitative behavior
acquired by the education of imitation; the monkey often clapped in
the Clap sessions.

monkey directed her attention towards the human face (Figure
4). The gentle stroking, however, could be suitable for reducing
the annoying behavior.

The monkey was provided the slow stroking at 1-5 cm per
second by the human in case 1. C-tactile afferent fibers, which
exist in the hairy skin, respond to slow moving [53-55]. Slow
or gentle touch is common in skin-to-skin contact of social

interactions. It is considered that C-tactile afferent fibers in
humans are important for affective touch and produce the feeling
of pleasant [56]. Especially, stroking by the brush on the human
hairy skin is pleasant at the velocity of 1-10 cm per second [35].
The slow, affective touch also reduces feelings of social exclusion
[57]. The human’s touch here should function as affective touch.
In case 1, the experimenter rarely stroked the monkey’s hand
but principally from the elbow to the monkey’s wrist (Figure
1c). The arm-petting appears to be more comfortable than
hand-petting, since C-tactile afferent fiber is less abundant in
the distal part than in the proximal one [53,55]. In our report,
30 seconds stroking on the arm was more effective on the
attenuation of the annoying behavior than five minutes stroking
(Figure 3). Since low-threshold C fiber shows fatigue to the
repeated stimuli [55,58], it could be related to the outcome of the
difference between the short-term and the long-term stroking.
The methods of using soft brush under the control of the vertical
force or the velocity of stroking are excellent and clearly bears
categorical results as referred to above. Further research will be
necessary for us to clarify the effect of social touch on monkeys
by the human’s hand in addition to the current cases and some
studies [46,48]. The monkeys which had the lesion in part of
the ventral premotor area refused to be stroked their bodies
by the human [16]. Anatomically, the dorsal premotor cortex
is connected with the amygdala in monkeys [59]. There are
also multisynaptic projections that arise from the amygdala to
the ventral premotor cortex [60]. It would lead to the scientific
elucidation of neural mechanisms underlying social gestures via
somatosensory by analyzing the role of tactile information in the
social communication.

When people succeed in doing something, they mostly receive
social rewards, for instance, petting the child’s head, applause or
verbal reward, before physical rewards. It remains to be clarified
how the tactile stimuli affect monkey’s behavior. Taira and Rolls
(1996) evaluated whether social touch of monkeys had efficacy
as a positive reinforce, in order to know where tactile stimulation
was represented in the brain as positively reinforcing in the future
[46]. In their study, when the monkey touched the correct visual
pattern within 10 s after the tone cue, the experimenter groomed
the monkey’s face, neck and head with his hand about 90 s. The
grooming on the monkey’s face resulted in the high scores of that
task. Before the systematic test, the monkey grew accustomed to
the grooming by the experimenter for three months. The monkey
in case 1 had never interacted with the human partner through
social touch or gestures prior to this experiment. In consequence,
face-petting was not good for the monkey in order to make
eye contact with the human. Arm-petting should precede face-
petting. In case 2, although face-petting did not encourage the
monkey to eat the food which she did not like, it was useful to
prevent the monkey from throwing food. In humans, there are
also C-tactile afferent fibers in the face [54]. In monkeys, the
HRV in social touch on the mouth was higher than that in the
arm or the chest [48]. There is a possibility that the sensitivity of
the mouth includes more features than that of other body parts
innervated C-tactile afferent fibers.

The monkey’s clapping extremely increased during the
13th session of the clap phase in case 2 (Figure 13). Although
the monkey had repeatedly showed clapping behavior toward
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the human partner, the partner was not able to respond to
the monkey’s clapping like imitation. As the monkey could not
recognize the clap as a prize but imitation, there was possibility
that she repeatedly clapped to explore the cause. The monkey’s
throwing behavior also explosively occurred at the 17th session
(Figure 12). Clapping as praise created confusion for the monkey.
After the excessive throwing behavior, the monkey’s pointing
decreased and the session duration prolonged. Weak joint-
attention interaction from reducing monkey’s pointing caused
human negative emotions, resulting in the human error. In
humans, parents spontaneously display the smiling when they
point, and the positive affective components of joint-attention
interaction are encapsulated by parent’s pointing-interaction
with their infants irrespective of their ages [61]. When the
difficult interaction appeared in the communicative situation
between the humans and the monkeys, the social touch would
be helpful in eliciting the positive affective expression in light of
reducing the annoying behavior. The distinct features of clapping
are clapping period and synchronization by many people [62],
or the time of clapping regardless of the quality of the contents
[47]. We, however, could not exclude the possibility that the
experience of clapping as the social praise like humans worked in
an effective manner even in monkeys.

It is hard for autistic patients to establish eye contact [13].
They have impairments in social skills [63]. Tactile perception
in autistic people is different from that in people without autism
[64,65]. Psychopathic traits are also involved in poor attention to
the eyes of emotional faces or low levels of eye contact [9]. The
impairment in amygdala responsiveness to the emotional stimuli
could be a marker of callous-unemotional traits in children
[66]. However, it is likely to differ in the neural mechanisms of
psychopathy and autism depending on the level of amygdala
dysfunctions, the luck of brain functions or anatomical structures.
Social deficits of children with autism are considered to be an
impairment of the mirror mechanism [67]. The psychopath traits
also might be linked to the mirror neuron system [68]. Our touch-
intervention will enable us to study the neural mechanisms
including single cell level analysis of social communication, eye
contact, communicative pointing, or imitation, in the near future.
It also allows us to examine how the mirror neurons mechanism
connects with the other in the external world. Gene expression
are changed by the gentle stroking in rats [69]. Taken together,
our results suggest that our social-touch approach plays a great
role in the control of affective components, and so it opens the
gate of initial interaction or smooths a transient heightened
emotion.

ACKNOWLEDGEMENTS

This work was supported to K.S. by Grant-in-Aid for
Scientific Research on Innovative Areas and to M.K. by Grant-
Aid for Scientific Research (C). We appreciate for Dr. Hidetoshi
Ishibashi’s support.

REFERENCES

1. Emery NJ. The eyes have it: the neuroethology, function and evolution
of social gaze. Neurosci Biobehav Rev. 2000; 24: 581-604.

2. Farroni T, Csibra G, Simion F, Johnson MH. Eye contact detection in
humans from birth. Proc Natl Acad Sci U S A. 2002; 99: 9602-9605.

3. Jarick M, Kingstone A. The duality of gaze: eyes extract and signal
social information during sustained cooperative and competitive
dyadic gaze. Front Psychol. 2015; 6: 1423.

4. Gomez JC. The emergence eye contact as an intersubjective signal in
an infant gorilla: imprecations for models of early social cognition.
Accion Psicologica. 2010; 7: 35-43.

5. Kumashiro M, Ishibashi H, Itakura S, Iriki A. Bidirectional
communication between a Japanese monkey and a human through
eye gaze and pointing. Cah Psychol Cogn. 2002; 21: 3-32.

6. Kumashiro M, Ishibashi H, Uchiyama Y, Itakura S, Murata A, Iriki A.
Natural imitation induced by joint attention in Japanese monkeys. Int
] Psychophysiol. 2003; 50: 81-99.

7. Kumashiro M, Yokoyama O, Ishibashi H. Imitation of body movements
facilitated by joint attention through eye contact and pointing in
Japanese monkey. PLoS One. 2008; 3: e3704.

8. Tronick EZ. Emotions and emotional communication in infants. Am
Psychol. 1989; 44: 112-119.

9. Dadds MR, Allen JL, Oliver BR, Faulkner N, Legge K, Moul C, et al. Love,
eye contact and the developmental origins of empathy v. psychopathy.
Br ] Psychiatry. 2012; 200: 191-196.

10.Bretherton I, Bates E. The emergence of intentional communication.
New Dir Child Adoles. 1979: 81-100.

11.Corkum V, Moore C. The origins of joint visual attention in infants. Dev
Psychol. 1998; 34: 28-38.

12.Yi L, Fan Y, Quinn PC, Feng C, Huang D, Li ], et al. Abnormality in face
scanning by children with autism spectrum disorder is limited to the
eye region: evidence from multi-method analyses of eye tracking data.
J Vis. 2013; 13.

13.Madipakkam AR, Rothkirch M, Dziobek I, Sterzer P. Unconscious
avoidance of eye contact in autism spectrum disorder. Sci Rep. 2017;
7:13378.

14.Gillespie SM, Rotshtein P, Wells L], Beech AR, Mitchell I]. Psychopathic
traits are associated with reduced attention to the eyes of emotional
faces among adult male non-offenders. Front Hum Neurosci. 2015; 9:
552.

15.Dettmer AM, Kaburu SS, Simpson EA, Paukner A, Sclafani V, Byers KL,
etal. Neonatal face-to-face interactions promote later social behaviour
in infant rhesus monkeys. Nat Commun. 2016; 7: 11940.

16.Kumashiro M, Yokoyama O, Ishibashi H. Communicative pointing
ameliorates grasping deficits after an inactivation and lesions of the
ventral premotor cortex in Japanese monkeys (Macaca fuscata). |
Neurol Disord Stroke. 2013; 1: 1020.

17.Butterworth G, Jarrett, N. What minds have in common is space:
Spatial mechanisms serving joint visual attention in infancy. Br ] Dev
Psychol. 1991; 9: 55-72.

18.Whiten A, McGuigan N, Marshall-Pescini S, Hopper LM. Emulation,
imitation, over-imitation and the scope of culture for child and
chimpanzee. Philos Trans R Soc Lond B Biol Sci. 2009; 364: 2417-
2428.

19.di Pellegrino G, Fadiga L, Fogassi L, Gallese V, Rizzolatti G.
Understanding motor events: a neurophysiological study. Exp Brain
Res. 1992; 91: 176-180.

20.Rizzolatti G, Fadiga L, Gallese V, Fogassi L. Premotor cortex and the
recognition of motor actions. Brain Res Cogn Brain Res. 1996; 3: 131-
141.

21.Gallese V, Fadiga L, Fogassi L, Rizzolatti G. Action recognition in the
premotor cortex. Brain. 1996; 119: 593-609.

J Neurol Disord Stroke 6(3): 1144 (2018)

8/10


http://www.ncbi.nlm.nih.gov/pubmed/10940436
http://www.ncbi.nlm.nih.gov/pubmed/10940436
http://www.ncbi.nlm.nih.gov/pubmed/12082186
http://www.ncbi.nlm.nih.gov/pubmed/12082186
https://www.ncbi.nlm.nih.gov/pubmed/26441793
https://www.ncbi.nlm.nih.gov/pubmed/26441793
https://www.ncbi.nlm.nih.gov/pubmed/26441793
http://revistas.uned.es/index.php/accionpsicologica/article/view/213
http://revistas.uned.es/index.php/accionpsicologica/article/view/213
http://revistas.uned.es/index.php/accionpsicologica/article/view/213
http://psycnet.apa.org/record/2002-04587-001
http://psycnet.apa.org/record/2002-04587-001
http://psycnet.apa.org/record/2002-04587-001
http://www.ncbi.nlm.nih.gov/pubmed/14511838
http://www.ncbi.nlm.nih.gov/pubmed/14511838
http://www.ncbi.nlm.nih.gov/pubmed/14511838
http://www.ncbi.nlm.nih.gov/pubmed/19002250
http://www.ncbi.nlm.nih.gov/pubmed/19002250
http://www.ncbi.nlm.nih.gov/pubmed/19002250
http://www.ncbi.nlm.nih.gov/pubmed/2653124
http://www.ncbi.nlm.nih.gov/pubmed/2653124
http://www.ncbi.nlm.nih.gov/pubmed/21852303
http://www.ncbi.nlm.nih.gov/pubmed/21852303
http://www.ncbi.nlm.nih.gov/pubmed/21852303
https://www.researchgate.net/publication/229753472_The_emergence_of_intentional_communication
https://www.researchgate.net/publication/229753472_The_emergence_of_intentional_communication
http://www.ncbi.nlm.nih.gov/pubmed/9471002
http://www.ncbi.nlm.nih.gov/pubmed/9471002
https://www.ncbi.nlm.nih.gov/pubmed/23929830
https://www.ncbi.nlm.nih.gov/pubmed/23929830
https://www.ncbi.nlm.nih.gov/pubmed/23929830
https://www.ncbi.nlm.nih.gov/pubmed/23929830
http://www.ncbi.nlm.nih.gov/pubmed/29042641
http://www.ncbi.nlm.nih.gov/pubmed/29042641
http://www.ncbi.nlm.nih.gov/pubmed/29042641
https://www.ncbi.nlm.nih.gov/pubmed/26500524
https://www.ncbi.nlm.nih.gov/pubmed/26500524
https://www.ncbi.nlm.nih.gov/pubmed/26500524
https://www.ncbi.nlm.nih.gov/pubmed/26500524
https://www.ncbi.nlm.nih.gov/pubmed/27300086
https://www.ncbi.nlm.nih.gov/pubmed/27300086
https://www.ncbi.nlm.nih.gov/pubmed/27300086
https://www.researchgate.net/publication/327621837_Communicative_Pointing_Ameliorates_Grasping_Deficits_after_an_Inactivation_and_Lesions_of_the_Ventral_Premotor_Cortex_in_Japanese_Monkeys_Macaca_fuscata
https://www.researchgate.net/publication/327621837_Communicative_Pointing_Ameliorates_Grasping_Deficits_after_an_Inactivation_and_Lesions_of_the_Ventral_Premotor_Cortex_in_Japanese_Monkeys_Macaca_fuscata
https://www.researchgate.net/publication/327621837_Communicative_Pointing_Ameliorates_Grasping_Deficits_after_an_Inactivation_and_Lesions_of_the_Ventral_Premotor_Cortex_in_Japanese_Monkeys_Macaca_fuscata
https://www.researchgate.net/publication/327621837_Communicative_Pointing_Ameliorates_Grasping_Deficits_after_an_Inactivation_and_Lesions_of_the_Ventral_Premotor_Cortex_in_Japanese_Monkeys_Macaca_fuscata
https://www.researchgate.net/publication/239064681_What_Minds_Have_in_Common_is_Space_Spatial_Mechanisms_Serving_Joint_Visual_Attention_in_Infancy
https://www.researchgate.net/publication/239064681_What_Minds_Have_in_Common_is_Space_Spatial_Mechanisms_Serving_Joint_Visual_Attention_in_Infancy
https://www.researchgate.net/publication/239064681_What_Minds_Have_in_Common_is_Space_Spatial_Mechanisms_Serving_Joint_Visual_Attention_in_Infancy
http://www.ncbi.nlm.nih.gov/pubmed/19620112
http://www.ncbi.nlm.nih.gov/pubmed/19620112
http://www.ncbi.nlm.nih.gov/pubmed/19620112
http://www.ncbi.nlm.nih.gov/pubmed/19620112
http://www.ncbi.nlm.nih.gov/pubmed/1301372
http://www.ncbi.nlm.nih.gov/pubmed/1301372
http://www.ncbi.nlm.nih.gov/pubmed/1301372
http://www.ncbi.nlm.nih.gov/pubmed/8713554
http://www.ncbi.nlm.nih.gov/pubmed/8713554
http://www.ncbi.nlm.nih.gov/pubmed/8713554
http://www.ncbi.nlm.nih.gov/pubmed/8800951
http://www.ncbi.nlm.nih.gov/pubmed/8800951

@SCil\/ledCentrai

Kumashiro et al. (2018)
Email: mari@lab.tamagawa.ac.jp

22.Shepherd SV, Klein JT, Deaner RO, Platt ML. Mirroring of attention by
neurons in macaque parietal cortex. Proc Natl Acad Sci U S A. 2009;
106: 9489-9494.

23.Coudé G, Festante F, Cilia A, Loiacono V, Bimbi M, Fogassi L, et al.
Mirror Neurons of Ventral Premotor Cortex Are Modulated by Social
Cues Provided by Others’ Gaze. ] Neurosci. 2016; 36: 3145-3156.

24 .Kilner JM, Marchant JL, Frith CD. Modulation of the mirror system by
social relevance. Soc Cogn Affect Neurosci. 2006; 1: 143-148.

25.Rizzolatti G, Arbib MA. Language within our grasp. Trends Neurosci.
1998; 21: 188-194.

26.lacoboni M. Imitation, empathy, and mirror neurons. Annu Rev
Psychol. 2009; 60: 653-670.

27.Keysers C, Gazzola V. Expanding the mirror: vicarious activity for
actions, emotions, and sensations. Curr Opin Neurobiol. 2009; 19:
666-671.

28.Baird AD, Scheffer IE, Wilson S]. Mirror neuron system involvement
in empathy: a critical look at the evidence. Soc Neurosci. 2011; 6: 327-
335.

29.Rizzolatti G, Craighero L. The mirror-neuron system. Annu Rev
Neurosci. 2004; 27: 169-192.

30.Williams JH, Whiten A, Suddendorf T, Perrett DI. Imitation, mirror
neurons and autism. Neurosci Biobehav Rev. 2001; 25: 287-295.

31.Wang Y, Ramsey R, Hamilton AF. The control of mimicry by eye
contact is mediated by medial prefrontal cortex. ] Neurosci. 2011; 31:
12001-12010.

32.Kuraoka K, Nakamura K. Responses of single neurons in monkey
amygdala to facial and vocal emotions. ] Neurophysiol. 2007; 97:
1379-1387.

33.Mosher CP, Zimmerman PE, Gothard KM. Neurons in the monkey
amygdala detect eye contact during naturalistic social interactions.
Curr Biol. 2014; 24: 2459-2464.

34.Emery NJ, Capitanio JP, Mason WA, Machado CJ], Mendoza SP, Amaral
DG. The effects of bilateral lesions of the amygdala on dyadic social
interactions in rhesus monkeys (Macaca mulatta). Behav Neurosci.
2001; 115: 515-544.

35.Loken LS, Wessberg ], Morrison I, McGlone F, Olausson H. Coding of
pleasant touch by unmyelinated afferents in humans. Nat Neurosci.
2009; 12: 547-548.

36.Morrison I, Bjornsdotter M, Olausson H. Vicarious responses to social
touch in posterior insular cortex are tuned to pleasant caressing
speeds. ] Neurosci. 2011; 31: 9554-9562.

37.Feldman R, Singer M, Zagoory O. Touch attenuates infants’
physiological reactivity to stress. Dev Sci. 2010; 13: 271-278.

38.Fairhurst MT, Loken L, Grossmann T. Physiological and behavioral
responses reveal 9-month-old infants’ sensitivity to pleasant touch.
Psychol Sci. 2014; 25: 1124-1131.

39.Field T. Touch. Cambridge, MA, US: MIT Press; 2014.

40.Barrnett L. Keep in touch: the importnace of touch in infant
development. Infant Observ. 2005; 8: 115-123.

41.Reece C, Ebstein R, Cheng XQ, Ng T, Schirmer A. Maternal touch
predicts social orienting in young children. Cogn Dev. 2016; 39: 128-
140.

42.Pelaez-Nogueras M, Gewirtz JL, Field T, Cigales M, Malphurs ], Clasky
S, et al. Infants’ preference for touch stimulation in face-to-face
interactions. ] Appl Dev Psychol. 1996; 17: 199-213.

43.Simpson EA, Sclafani V, Paukner A, Kaburu SSK, Suomi SJ, Ferrari PF.

Handling newborn monkeys alters later exploratory, cognitive, and
social behaviors. Dev Cogn Neurosci. 2017; 78-9293.

44.Feuerbacher EN, Wynne CD. Shut up and pet me! Domestic dogs
(Canis lupus familiaris) prefer petting to vocal praise in concurrent
and single-alternative choice procedures. Behav Processes. 2015;
110: 47-59.

45.Vormbrock JK, Grossberg JM. Cardiovascular effects of human-pet dog
interactions. ] Behav Med. 1988; 11: 509-517.

46.Taira K, Rolls ET. Receiving grooming as a reinforcer for the monkey.
Physiol Behav. 1996; 59: 1189-1192.

47.Mann RP, Faria ], Sumpter DJ, Krause ]. The dynamics of audience
applause. ] R Soc Interface. 2013; 10: 20130466.

48.Grandi LC, Ishida H. The Physiological Effect of Human Grooming
on the Heart Rate and the Heart Rate Variability of Laboratory Non-
Human Primates: A Pilot Study in Male Rhesus Monkeys. Front Vet
Sci. 2015; 2: 50.

49.0ztop E, Kawato M, Arbib M. Mirror neurons and imitation: a
computationally guided review. Neural Netw. 2006; 19: 254-271.

50.Anderson JR, Kuwahata H, Fujita K. Gaze alternation during “pointing”
by squirrel monkeys (Saimiri sciureus)? Anim Cogn. 2007; 10: 267-
271.

51.Symons D. Aggressive play and communication in rhesus monkeys
(Macaca mulatta). Amer Zool. 1974; 14: 317-322.

52.Feldman R, Weller A, Sirota L, Eidelman A. Testing a family intervention
hypothesis: the contribution of mother-infant skin-to-skin contact
(kangaroo care) to family interaction, proximity, and touch. ] Fam
Psychol. 2003; 17: 94-107.

53.Kumazawa T, Perl ER. Primate cutaneous sensory units with
unmyelinated (C) afferent fibers. ] Neurophysiol. 1977; 40: 1325-
1338.

54.Johansson RS, Trulsson M, Olsson KA, Westberg KG. Mechanoreceptor
activity from the human face and oral mucosa. Exp Brain Res. 1988;
72:204-208.

55.Vallbo AB, Olausson H, Wessberg J. Unmyelinated afferents constitute
a second system coding tactile stimuli of the human hairy skin. ]
Neurophysiol. 1999; 81: 2753-2763.

56.0lausson H, Lamarre Y, Backlund H, Morin C, Wallin BG, Starck G, et
al. Unmyelinated tactile afferents signal touch and project to insular
cortex. Nat Neurosci. 2002; 5: 900-904.

57.Mohr My, Kirsch LP, Fotopoulou A. The soothing function of touch:
affective touch reduces feelings of social exclusion. Sci Rep. 2017; 7:
13516.

58.Nordin M. Low-threshold mechanoreceptive and nociceptive units
with unmyelinated (C) fibres in the human supraorbital nerve. ]
Physiol. 1990; 426: 229-240.

59.Avendafio C, Price JL, Amaral DG. Evidence for an amygdaloid
projection to premotor cortex but not to motor cortex in the monkey.
Brain Res. 1983; 264: 111-117.

60.Ishida H, Inoue KI, Takada M. Multisynaptic projections from the
amygdala to the ventral premotor cortex in macaque monkeys:
anatomical substrate for feeding behavior. Front Neuroanat. 2018;
12:3.

61.Leavens DA, Sansone ], Burfield A, Lightfoot S, O’Hara S, Todd BK.
Putting the “Joy” in joint attention: affective-gestural synchrony by
parents who point for their babies. Front Psychol. 2014; 5: 879.

62.Néda Z, Ravasz E, Vicsek T, Brechet Y, Barabasi AL. Physics of the
rhythmic applause. Phys Rev E Stat Phys Plasmas Fluids Relat

J Neurol Disord Stroke 6(3): 1144 (2018)

9/10


http://www.ncbi.nlm.nih.gov/pubmed/19470477
http://www.ncbi.nlm.nih.gov/pubmed/19470477
http://www.ncbi.nlm.nih.gov/pubmed/19470477
http://www.ncbi.nlm.nih.gov/pubmed/26985026
http://www.ncbi.nlm.nih.gov/pubmed/26985026
http://www.ncbi.nlm.nih.gov/pubmed/26985026
http://www.ncbi.nlm.nih.gov/pubmed/17203137
http://www.ncbi.nlm.nih.gov/pubmed/17203137
http://www.ncbi.nlm.nih.gov/pubmed/9610880
http://www.ncbi.nlm.nih.gov/pubmed/9610880
http://www.ncbi.nlm.nih.gov/pubmed/18793090
http://www.ncbi.nlm.nih.gov/pubmed/18793090
http://www.ncbi.nlm.nih.gov/pubmed/19880311
http://www.ncbi.nlm.nih.gov/pubmed/19880311
http://www.ncbi.nlm.nih.gov/pubmed/19880311
http://www.ncbi.nlm.nih.gov/pubmed/21229470
http://www.ncbi.nlm.nih.gov/pubmed/21229470
http://www.ncbi.nlm.nih.gov/pubmed/21229470
http://www.ncbi.nlm.nih.gov/pubmed/15217330
http://www.ncbi.nlm.nih.gov/pubmed/15217330
http://www.ncbi.nlm.nih.gov/pubmed/11445135
http://www.ncbi.nlm.nih.gov/pubmed/11445135
http://www.ncbi.nlm.nih.gov/pubmed/21849560
http://www.ncbi.nlm.nih.gov/pubmed/21849560
http://www.ncbi.nlm.nih.gov/pubmed/21849560
http://www.ncbi.nlm.nih.gov/pubmed/17182913
http://www.ncbi.nlm.nih.gov/pubmed/17182913
http://www.ncbi.nlm.nih.gov/pubmed/17182913
https://www.ncbi.nlm.nih.gov/pubmed/25283782
https://www.ncbi.nlm.nih.gov/pubmed/25283782
https://www.ncbi.nlm.nih.gov/pubmed/25283782
http://www.ncbi.nlm.nih.gov/pubmed/11439444
http://www.ncbi.nlm.nih.gov/pubmed/11439444
http://www.ncbi.nlm.nih.gov/pubmed/11439444
http://www.ncbi.nlm.nih.gov/pubmed/11439444
http://www.ncbi.nlm.nih.gov/pubmed/19363489
http://www.ncbi.nlm.nih.gov/pubmed/19363489
http://www.ncbi.nlm.nih.gov/pubmed/19363489
https://www.ncbi.nlm.nih.gov/pubmed/21715620
https://www.ncbi.nlm.nih.gov/pubmed/21715620
https://www.ncbi.nlm.nih.gov/pubmed/21715620
https://www.ncbi.nlm.nih.gov/pubmed/20136923
https://www.ncbi.nlm.nih.gov/pubmed/20136923
https://www.ncbi.nlm.nih.gov/pubmed/24681587
https://www.ncbi.nlm.nih.gov/pubmed/24681587
https://www.ncbi.nlm.nih.gov/pubmed/24681587
https://www.tandfonline.com/doi/abs/10.1080/13698030500171530?journalCode=riob20
https://www.tandfonline.com/doi/abs/10.1080/13698030500171530?journalCode=riob20
https://www.sciencedirect.com/science/article/pii/S0885201416300570
https://www.sciencedirect.com/science/article/pii/S0885201416300570
https://www.sciencedirect.com/science/article/pii/S0885201416300570
https://www.sciencedirect.com/science/article/pii/S0193397396900258
https://www.sciencedirect.com/science/article/pii/S0193397396900258
https://www.sciencedirect.com/science/article/pii/S0193397396900258
http://www.ncbi.nlm.nih.gov/pubmed/28844729
http://www.ncbi.nlm.nih.gov/pubmed/28844729
http://www.ncbi.nlm.nih.gov/pubmed/28844729
http://www.ncbi.nlm.nih.gov/pubmed/25173617
http://www.ncbi.nlm.nih.gov/pubmed/25173617
http://www.ncbi.nlm.nih.gov/pubmed/25173617
http://www.ncbi.nlm.nih.gov/pubmed/25173617
http://www.ncbi.nlm.nih.gov/pubmed/3236382
http://www.ncbi.nlm.nih.gov/pubmed/3236382
http://www.ncbi.nlm.nih.gov/pubmed/8737912
http://www.ncbi.nlm.nih.gov/pubmed/8737912
http://www.ncbi.nlm.nih.gov/pubmed/23782537
http://www.ncbi.nlm.nih.gov/pubmed/23782537
http://www.ncbi.nlm.nih.gov/pubmed/26664977
http://www.ncbi.nlm.nih.gov/pubmed/26664977
http://www.ncbi.nlm.nih.gov/pubmed/26664977
http://www.ncbi.nlm.nih.gov/pubmed/26664977
http://www.ncbi.nlm.nih.gov/pubmed/16595172
http://www.ncbi.nlm.nih.gov/pubmed/16595172
https://www.ncbi.nlm.nih.gov/pubmed/17242934
https://www.ncbi.nlm.nih.gov/pubmed/17242934
https://www.ncbi.nlm.nih.gov/pubmed/17242934
https://academic.oup.com/icb/article/14/1/317/2066775
https://academic.oup.com/icb/article/14/1/317/2066775
https://www.ncbi.nlm.nih.gov/pubmed/12666466
https://www.ncbi.nlm.nih.gov/pubmed/12666466
https://www.ncbi.nlm.nih.gov/pubmed/12666466
https://www.ncbi.nlm.nih.gov/pubmed/12666466
http://www.ncbi.nlm.nih.gov/pubmed/411895
http://www.ncbi.nlm.nih.gov/pubmed/411895
http://www.ncbi.nlm.nih.gov/pubmed/411895
http://www.ncbi.nlm.nih.gov/pubmed/3169189
http://www.ncbi.nlm.nih.gov/pubmed/3169189
http://www.ncbi.nlm.nih.gov/pubmed/3169189
http://www.ncbi.nlm.nih.gov/pubmed/10368395
http://www.ncbi.nlm.nih.gov/pubmed/10368395
http://www.ncbi.nlm.nih.gov/pubmed/10368395
https://www.ncbi.nlm.nih.gov/pubmed/12145636
https://www.ncbi.nlm.nih.gov/pubmed/12145636
https://www.ncbi.nlm.nih.gov/pubmed/12145636
https://www.ncbi.nlm.nih.gov/pubmed/29044137
https://www.ncbi.nlm.nih.gov/pubmed/29044137
https://www.ncbi.nlm.nih.gov/pubmed/29044137
http://www.ncbi.nlm.nih.gov/pubmed/2231398
http://www.ncbi.nlm.nih.gov/pubmed/2231398
http://www.ncbi.nlm.nih.gov/pubmed/2231398
http://www.ncbi.nlm.nih.gov/pubmed/6189549
http://www.ncbi.nlm.nih.gov/pubmed/6189549
http://www.ncbi.nlm.nih.gov/pubmed/6189549
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5780351/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5780351/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5780351/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5780351/
https://www.ncbi.nlm.nih.gov/pubmed/25161640
https://www.ncbi.nlm.nih.gov/pubmed/25161640
https://www.ncbi.nlm.nih.gov/pubmed/25161640
http://www.ncbi.nlm.nih.gov/pubmed/11088392
http://www.ncbi.nlm.nih.gov/pubmed/11088392

@SCiMedCentrai

Kumashiro et al. (2018)
Email: mari@lab.tamagawa.ac.jp

Interdiscip Topics. 2000; 61: 6987-6992.

63.Kasari C, Patterson S. Interventions addressing social impairment in
autism. Curr Psychiatry Rep. 2012; 14: 713-725.

64.Cascio C, McGlone F, Folger S, Tannan V, Baranek G, Pelphrey KA,
et al. Tactile perception in adults with autism: a multidimensional
psychophysical study. ] Autism Dev Disord. 2008; 38: 127-137.

65.Kaiser MD, Yang DYJ, Voos AC, Bennett RH, Gordon I, Pretzsch C, et al.
Brain mechanisms for processing affective (and nonaffective) touch
are atypical in autism. Cereb Cortex. 2016; 26: 2705-2714.

66.Marsh AA, Finger EC, Mitchell DGV, Reid ME, Sims C, Kosson DS, et

Cite this article

al. Reduced amygdala response to fearful expressions in children and
adolescents with callous-unemotional traits and disruptive behavior
disorders. Am ] Psychiatry. 2008; 165: 712-720.

67.Ramachandran VS, Oberman LM. Broken mirrors: a theory of autism.
Sci Am. 2006; 295: 62-69.

68.Fecteau S, Pascual-Leone A, Théoret H. Psychopathy and the mirror
neuron system: preliminary findings from a non-psychiatric sample.
Psychiatry Res. 2008; 160: 137-144.

69.Yokoyama O, Kumashiro M, Iriki A, Ishibashi H. Tactile stimulation-
induced rapid elevation of the synaptophysin mRNA expression level
in rat somatosensory cortex. Mol Cell Biochem. 2006; 293: 47-52.

Kumashiro M, Samejima K (2018) Social-Touch Approach for Making Eye Contact and Attenuating the Annoying Behavior in Monkeys. J Neurol Disord Stroke

6(3): 1144.

J Neurol Disord Stroke 6(3): 1144 (2018)

10/10


http://www.ncbi.nlm.nih.gov/pubmed/11088392
http://www.ncbi.nlm.nih.gov/pubmed/23055002
http://www.ncbi.nlm.nih.gov/pubmed/23055002
http://www.ncbi.nlm.nih.gov/pubmed/17415630
http://www.ncbi.nlm.nih.gov/pubmed/17415630
http://www.ncbi.nlm.nih.gov/pubmed/17415630
https://www.ncbi.nlm.nih.gov/pubmed/26048952
https://www.ncbi.nlm.nih.gov/pubmed/26048952
https://www.ncbi.nlm.nih.gov/pubmed/26048952
https://www.ncbi.nlm.nih.gov/pubmed/18281412
https://www.ncbi.nlm.nih.gov/pubmed/18281412
https://www.ncbi.nlm.nih.gov/pubmed/18281412
https://www.ncbi.nlm.nih.gov/pubmed/18281412
http://www.ncbi.nlm.nih.gov/pubmed/17076085
http://www.ncbi.nlm.nih.gov/pubmed/17076085
http://www.ncbi.nlm.nih.gov/pubmed/18599127
http://www.ncbi.nlm.nih.gov/pubmed/18599127
http://www.ncbi.nlm.nih.gov/pubmed/18599127
http://www.ncbi.nlm.nih.gov/pubmed/16990974
http://www.ncbi.nlm.nih.gov/pubmed/16990974
http://www.ncbi.nlm.nih.gov/pubmed/16990974

	Social-Touch Approach for Making Eye Contact and Attenuating the Annoying Behavior in Monkeys
	Abstract
	References
	Introduction
	General Discussion  
	Acknowledgements
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12
	Figure 13

