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1 | INTRODUCTION

Touch plays a major role in social interactions. Through touch, people can physically commu-
nicate their emotional states to others. Indeed, adults can infer different emotions (e.g., anger, fear,
happiness) from the experience of being touched (Hertenstein et al., 2009; Hertenstein et al., 2006;
Kirsch etal., 2018) and closely related people are capable of signaling the meaning of several words
(e.g., gratitude, sadness) through touch sensation alone (Mclntyre et al., 2019).

Differently from other emotional cues such as faces and voices, touch requires physical contact
to convey emotions. The most studied form of touch in literature is the so-called “affective touch”,
which is a gentle, light and slow stroke. It is known that the pleasantness of a stroke is associated
with the firing of a specific tactile receptor, named the C tactile afferent, which is maximal in
response to light slow stroking (affective touch) (1-10 cm/s) (Loken et al., 2009; McGlone
etal., 2014). However, we are not only receivers but also observers of others' tactile stimulations. In
this regard, neuroscience investigations reported the activation of overlapping somatosensory
areas during the observation and perception of touch, suggesting the possible involvement of a
“Tactile-Mirror system” that allows us to resonate with others’ tactile sensations (Bolognini
etal.,2011; Keysers et al., 2010). Interestingly, observing touches involves both somatosensory and
affective processes. In particular, affective aspects of an observed touch seem to be related to
increased activity of the primary somatosensory cortex (S1) (Bolognini et al., 2013) and the insula
(Bjornsdotter & Olausson, 2011; Ebisch et al., 2011). In addition, a recent electromyographic
(EMG) study with adult participants has found that touch elicited affective facial expressions and
does so independently of stimulus modality, as both experienced and observed touch stimulate
similar facial EMG reactions. In particular, perceiving and observing pleasant slow stroking (3 cm/
s) compared to fast stroking (30 cm/s) elicited a significant relaxation of the Corrugator supercilii
(CS) muscle (frowning muscle). Differently, fast stroking was perceived as negative, resulting in
increased activation of the CS (Mayo, Lindé, Olausson, & Heilig, 2018; see also Ree et al., 2020).
Specific activations of adults’ facial muscles in response to experienced touch were also demon-
strated by Pawling et al. (2017), who reported increased activity of Zygomatic Major (ZM, the
muscle of the cheek that people activate when smiling) to slow, affective touch, but no involve-
ment of the CS in differentiating affective versus non-affective touches.

The sensitivity to others' tactile experiences emerges very early in human development. The
sense of touch is the first modality through which the infant creates a link between their body and
the surrounding world, and pleasurable aspects of gentle stroking are considered essential to
promote bonding from very early in human development (Cascio et al., 2019). Already prenatally,
fetuses in the third trimester respond to maternal touch on the mother's abdomen (Marx &
Nagy, 2015) and their exploratory movements are clearly organized and coordinated (Myowa-
Yamakoshi & Takeshita, 2006; Reissland et al., 2014; Zoia et al., 2007). Importantly, such prenatal
passive and active sensory experiences might contribute to the development of early perceptual
abilities at birth. For example, newborns are able to detect temporal synchrony and spatial con-
gruency between an observed and a felt tactile stimulation on their cheek (Filippetti et al., 2013;
Filippetti etal., 2015). Also, videos showing touching and non-touching gestures are discriminated
at birth, and, by 3 months of age, touching gestures attract infants’ attention the most (Addabbo
et al., 2015). Thus, since the first months of life, infants are particularly attuned to tactile in-
teractions, which are rich in sensory but also communicative information.

Recently, evidence brought new insights into how tactile experiences are processed in the
developmental brain throughout infancy. For example, electrophysiological studies report the
engagement of infants’ somatosensory system during the observation of touch (Addabbo,
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Quadrelli, et al., 2020; Meltzoff et al., 2018; Rigato et al., 2019). Specifically, a recent magne-
toencephalographic study indicates that shared somatosensory areas are somatotopically acti-
vated when 6-month-olds both experience and observe a mechanical tactile stimulation on their
own body parts (hand and foot) (Meltzoff et al., 2018). Also, 8-month-olds' electroencephalo-
graphic (EEG) mu rhythm, which is an index of somatosensory activation, desynchronizes in
somatosensory sites in response to both felt and observed strokes on the hand (Addabbo,
Quadrelli, et al., 2020). Remarkably, 6-month-olds are particularly attuned to painful tactile
contacts, as the observation of a painful (poke in the eye) compared to a neutral (touch on the
eyebrow) touch elicits a larger Negative Central (Nc) component, which reflects infants' greater
attention allocation to painful touches (Addabbo et al., 2021).

Despite the increased interest in the early processing of touch, infants' sensitivity to the
emotional aspects of observed touch remains still unexplored. Besides somatosensory feedback,
touch also carries information about others’ emotions and affection, and therefore processing
observed touch is essential to infants’ socio-emotional development (Feldman, 2011). Indeed, the
ability to “read” others' communicative body expressions, such as tactile interactions, is essential
to understand events from very early in life. Notably, infants are not only the recipients of affective
tactile contact (i.e., hugs, kisses, strokes), but also observers of others' tactile interactions.
Observed social interactions embed spontaneous emotional expressions which, in turn, can in-
fluence infants’ mental state and behavior toward others. Interpersonal touch is a potent source of
information about the affective state and closeness between two interacting people and possesses a
strong emotional valence as well. In this regard, Schirmer et al. (2015) have shown that two
characters were evaluated by adults as more positive, aroused, and likable when they touch each
other as compared to when they do not touch. Thus, observing others engaging in social tactile
interactions can influence infants’ attitudes and perceptions toward the other. This, in turn, can
promote approach-related behaviors promoting infants' early abilities to navigate their social
world. Also, it is known that positive and adverse experiences, as well as the affective/socio-
emotional environmental context of early childhood, exert important effects on child develop-
ment, even in the long term (Bick & Nelson, 2016). However, it remains unknown whether the
observation of positive and negative tactile experiences, which are integral parts of infants'
experience and social context, can influence the child's behavior and development.

The aim of this study was to explore whether observing interpersonal tactile interactions that
differ in valence (positive vs. negative) evokes specific facial configurations in 11-month-old in-
fants. To this aim, we measured 11-month-olds’ facial EMG activity in response to the observation
of positive (caress) and negative (scratches) interpersonal tactile stimulations. Facial EMG activity
was measured over the muscles involved in smiling (ZM) and in frowning (CS), while infants
observed videos showing an actress receiving a caress or a scratch on her arm. EMG has been used
successfully in previous studies with infants, showing that visual emotional signals (i.e., emotional
faces or action kinematics) evoke coherent facial responses in the infant observer (Addabbo,
Vacaru, et al., 2020; Kaiser et al., 2017). For example, it has been shown that infants respond with
matching facial activations to happy and fearful faces at 7 months of life, but not at 4 months
(Datyner et al., 2017; Isomura & Nakano, 2016; Kaiser et al., 2017). Moreover, Addabbo, Vacaru,
et al. (2020) have recently found that 11-month-old infants respond with congruent facial ex-
pressions to both happy and angry action kinematics, suggesting that closer to the end of their first
birthday infants may already be sensitive to bodily emotional cues. Based on this latter study we
tested 11-month-olds in the current study as well.

We hypothesized that observing positive and negative interpersonal tactile interactions
could evoke differential facial responses in the infant. In particular, as already documented in
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adults (Pawling et al., 2017) an increased activation over the ZM in response to caresses
compared to scratches would be an indication of the positive affective valence carried by the
observation of interpersonal caresses. Further, similarly to adults participants in the study of
Mayo et al. (2018), we expect infants to respond with increased activation of the CS to negative
valenced touches compared to positive caresses.

2 | METHOD
2.1 | Participants

Twenty-four 11-month-old infants recruited from a database of volunteer families from a
diverse urban environment, including the metropolitan and suburban areas of Milan (Italy)
were included in the final sample (12 girls; mean age: 352.9 days, range: 330-364 days). All
infants were Caucasian and born at term (37-42 weeks gestation), had a normal birth weight
(>3000 g), did not suffer from any neurological or other medical conditions, and had normal
vision and hearing for their age. Eighteen additional infants were tested but not included in the
final analysis due to crying and refusal to look at the stimuli (n = 9), not accepting electrodes on
their face (n = 6), or excessive body/face movement during the testing session (n = 3). This high
dropout rate is typical in EMG studies with infants and children population (Addabbo, Vacaru,
et al., 2020; Isomura & Nakano, 2016). Furthermore, the sample size was based on an a priori
Power Analysis for a repeated-measures analysis of variance using the effect size reported in
previous infant EMG studies (Addabbo, Vacaru, et al., 2020; Datyner et al., 2017) with infants
(npz = 0.32), which revealed that 20 participants should lead to an 80% chance to observe a
significant effect with an alpha level of 0.05 and a medium correlation (0.30) among repeated
measures. The present study was conducted according to guidelines laid down in the Decla-
ration of Helsinki, with written informed consent obtained from a parent or guardian for each
child before any assessment or data collection. All procedures involving human subjects in this
study were approved by the Ethics Committee of the University of Milano-Bicocca (Protocol
number: 236).

2.2 | Stimuli

The visual stimuli consisted of 8 colored videos showing a female actress delivering a tactile
stimulation on the arm of another female actress. In the Caress condition, the video displayed
an actress delivering a stroke on the recipient's arm. In the Scratch condition, the actress
delivered a scratch on the recipient's arm (see Figure 1). The faces of the actresses were not
visible, and their bodies were shown one next to the other. For each condition, 4 different
versions of the caress and scratch videos were created by asking 4 different actresses to deliver
the two types of touches (caress/scratch) on the arm of the actress placed in front of them. In all
videos, caresses and scratches were performed on the right arm of the recipient, from the
shoulder to the wrist. The agent of the touch was on the left, and the recipient of the touch was
placed on the right. All the videos lasted 2000 ms. The onset of the action (i.e., the time at which
the hand started moving on the arm) and offsets (the time at which the hand stopped moving)
were the same in all the videos. Stimuli were validated by 20 adults (11 females, mean
age = 26.6 years, SD = 5.1), who were asked to judge on a seven point Likert-scale: (1) whether
the perceived touch was affective or not affective, from “not affective at all” (—3) to “very
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Caress

FIGURE 1 Three example frames showing the unfolding of the caress and the scratch.

affective” (4-3); (2) the valence of the touch, from “very negative” (—3) to “very positive” (43),
and (3) the pleasantness of the touch, from “very unpleasant” (—3) to “very pleasant” (+3).
Paired sample t-tests revealed that the caress was rated as more affective (Mean, M = 1.5,
Standard Deviation, SD = 0.7) than the scratch (M = —1.5, SD = 1.6) (t(19) = 7.1, p < 0.001). The
caress was also rated as more positive (M = 1.7, SD = 0.5) than the scratch (M = —1.6, SD = 0.7)
(#(19) = 15.4, p < 0.001), and more pleasant (M = 1.5, SD = 0.6) than the scratch (M = —1.4,
SD = 1.2) (1(19) = 8.4, p < 0.001).

2.3 | Procedure

The infants’ face was cleaned with a baby wipe before they were positioned on the parent's lap
60 cm from a 24” stimulus presentation monitor (1920 x 1080 pixel resolution). The infant was
recorded by a video camera installed above the screen. Parents were instructed to remain still
and not to talk, touch (e.g., caress) or interact with the child during the experiment. The video
served to code infants’ attention and face/body movements offline. A cartoon was displayed on
the screen to keep the infant calm and distracted while the experimenter placed the electrodes
on the infant's face. The presentation of the stimuli was pseudo-randomized (the same emotion
could not be displayed more than twice in a row). There was no restriction on the maximum
number of trials shown, and the experiment ended after the infant stopped looking 5 trials in a
row. Each trial began with a colored fixation cross displayed on the screen for a variable amount
of time ranging between 1100 and 1500 ms to attract the infant's attention to the center of the
screen. Previous EMG studies analyzing infants' responses to visual emotional stimuli used a
1000 ms intertrial interval (Datyner et al., 2017; Kaiser et al., 2017). In particular, in our study,
the fixation cross completed two rotations during the first 500 ms of presentation. A brief beep
accompanied each rotation. Then, the fixation cross remained still for a variable amount of
time, ranging between 600 and 1000 ms, and was followed by the experimental stimulus
(2000 ms in duration).
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2.4 | EMG recordings and data analysis

Facial EMG activity was measured with a Digitimer electromyograph. Surface cup electrodes
(reusable 4 mm Ag/AgCl) were placed, using sticky tape, over the ZM muscle and the CS
following standard bipolar electrode placement procedures (Tassinary et al., 1989). On each
muscle of the left side of the face, two electrodes were placed at a distance of 1 cm center to
center, parallel to the length of the muscle (Cacioppo et al., 1986; Fridlund &
Cacioppo, 1986). The ground electrode was placed on the forehead below the hairline. The
EMG signal was recorded at a sampling rate of 1000 Hz and amplified (gain 1000). The EMG
signal was then pre-processed offline using EEGLab (Delorme & Makeig, 2004). The signal
was first bandpass filtered with a high pass frequency of 20 Hz and a low pass frequency of
500 Hz (Van Boxtel, 2001, 2010). After being rectified data was then segmented in 2500 ms
epochs consisting of 500 ms pre-stimulus baseline and 2000 ms post-stimulus activity. Videos
were coded offline to exclude the trials in which the infant did not attend to the stimuli or
performed facial movements that could contaminate the target muscle signal, such as
vocalizing, chewing on their hand, yawning, or crying. Trials were also discarded if the
infant performed vigorous body movements that may lead to the movement of the wires. A
visual artifact rejection based on visual inspection of the EMG signal was then conducted by
an experimenter blind to the experimental conditions. Segments were discarded if they
showed extreme amplitude values outside a 100 mV range (Vacaru et al., 2019) or if there
were abrupt changes in the baseline activity due to the detachment of the electrodes and
loss of impedance. The mean number of trials across conditions was 11.3 (min 6-max 24)
for the caress condition and 12.5 (min 6-max 21) for the scratch condition, #(23) = 1.74,
p = 0.09.

Average activation for each 100 ms interval post-stimulus onset was calculated. Activity
during 100 ms post-stimulus period was first transformed into z-scores for each participant in
each muscle separately (Geangu et al., 2016; Kaiser et al., 2017; Oberman et al., 2009; Vacaru
et al., 2019). Standardization is a commonly used procedure that allows for attenuating the
impact of highly reactive individuals on group scores (Geangu et al., 2016; Kaiser et al., 2017;
Oberman et al., 2009; Vacaru et al., 2019). In each muscle, we standardized the 100 ms data
bins (from —500 to 2000 ms) by subtracting from each value the mean activation of all the
bins and dividing it by the standard deviation of all the bins. We then performed the baseline
correction by subtracting the baseline (500 ms) mean activation from each 100 ms bin of the
2000 ms time window. Given that the period beginning 500 ms after stimulus onset typically
shows the clearest facial muscle reaction to emotional stimuli (Dimberg, 1982; Dimberg &
Petterson, 2000), our analysis focused on the 500-2000 ms interval from stimulus onset. We
ran a rmANOVA with muscle location (ZM, CS) and Touch (Caress, Scratch) as within-
subject factors. We expected the activity of each facial muscle (ZM, CS) to vary depending
on the emotion conveyed in the touch observed by the infant (Caress, Scratch). Thus, we
planned, as in previous studies (Addabbo, Vacaru, et al., 2020), four t-tests comparing the
activity both within and between muscle activity and within the emotion of the observed
touch (Caress, Scratch). In addition, for each muscle, we conducted one-sample t-tests to
examine whether the 500-2000 ms post-stimulus muscle activity in each condition was
significantly different from the zero value. All statistical tests were conducted at the 0.05 level
of significance (two-tailed), and t-tests were corrected for multiple comparisons using the
Bonferroni correction.
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All statistical analyses were performed using Jamovi 1.2.22 (https://jamovi.org). Assumptions of
normality were met, as shown by Shapiro-Wilk test of normality (All ps > 0.39).

The rmANOVA on Z-transformed data with Emotion (Caress, Scratch) and Muscle (ZM, CS)
as within-subject factors revealed a marginally significant effect of Condition F(1,23) = 4.29;
p = 0.050, np2 = 0.15, which was specified by a significant Emotion x Muscle interaction, F
(1,23) = 4.86; p = 0.038, np2 = 0.17. The main effect of Muscle did not reach statistical sig-
nificance, F(1,23) = 0.003; p = 0.95, np2 < 0.001. Planned ¢-tests (Bonferroni corrected o/
4 = 0.0125), showed that EMG activity over ZM muscle was significantly greater in the Caress
(M = 0.49; SD = 0.53) compared to the Scratch (M = —0.02; SD = 0.59) condition, #23) = 2.91;
p = 0.008, d = 0.59 (Figure 2, right panel). No other significant differences were found (All
ps > 0.09).

Further, we ran four one-sample t-tests (Bonferroni corrected a/4 = 0.0125) comparing the
post-stimulus activity (500-2000 ms) to the zero value. Results showed that only the activity
over the ZM in response to caresses was significantly different from zero, #(23) = 4.42; p < 0.001,
d = 0.90 (All ps > 0.09).

4 | DISCUSSION

Despite the unique communicative function of touch during development, very little is known
about infants' sensitivity to the emotional valence of observed tactile interactions. To investigate
this issue, we measured facial EMG activity in response to positive (caress) and negative
(scratches) observed touches in a sample of 11-month-old infants. Our results show that
observing positive and negative tactile interactions evoked differential facial responses in the
infant. Specifically, the observation of positive, but not negative, tactile interactions (i.e., ca-
resses) elicits the activation of infants’ ZM muscle.
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FIGURE 2 Means of EMG z-transformed activity of the zygomaticus major (ZM) and corrugator supercilii
(CS) muscle in the caress and scratch conditions in each averaged time bin of 100 ms, resulting in 20 values.
Vertical lines depict standard errors of the means.
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In line with our results, several studies have shown that adults respond to positively
valenced stimuli with increased ZM activity: we activate the ZM in a variety of contexts, for
example, in response to happy facial expressions (Cacioppo et al., 1986; Dimberg & Petter-
son, 2000), happy body postures (Kret et al., 2013; Magnée et al., 2007), happy sounds (Magnée
et al., 2007), and experienced positive affective touch (Pawling et al., 2017). Greater ZM re-
sponses are also elicited by seeing another person with a direct than averted gaze (Hietanen
et al., 2018). Thus, previous evidence converges in showing that different social signals, which
can be considered positive and affiliative, can evoke positive affective reactions in the adult
observer, measured implicitly through the increased activation of the ZM muscle. Modulations
of the ZM were also found in children and infants when watching positive stimuli such as
happy faces or happy action kinematics (Addabbo, Vacaru, et al., 2020; Geangu et al., 2016;
Kaiser et al., 2017). In the current study, the increased activation over the ZM, induced by the
observation of caresses indicates that pleasant tactile interactions are carriers of positive
emotional information, which in turn evokes positive emotional states in the infant. Indeed,
caresses represent an essential nonverbal expression of affection and affiliation to which the
infant is exposed from very early in life.

While most of the previous studies focused on infants’ first-person experience with affective
touch (i.e., Fairhurst et al., 2014; Manzotti et al., 2019), we explored infants’ sensitivity to the
emotional aspects of touch from a third-party perspective. Thus, our study brings new insights
into the literature, showing, for the first time, that infants seem visually attuned to others' af-
fective tactile interactions. In particular, we have found that infants respond to others' affective
tactile experiences with a specific increase in the activation of the ZM, a muscle activated when we
smile. Thus, the observation of an affective tactile interaction elicits a positive emotional response
in the infant. However, it is important to note that our results do not suggest that infants un-
derstand the emotional state of others relying on their tactile interactions. Rather, the increased
activation of the ZM in response to caresse could reflect a positive and affiliative response of the
infant to the observation of a pleasant and affectionate tactile behavior, which, in turn, can foster
infants’ approaching behaviors toward others, promoting affiliation and social cohesion.

In a recent study, it has been found that adults respond with a relaxation of the CS to af-
fective strokes with no involvement of the ZM. It is important to note that Mayo et al. (2018)
presented as stimuli a hand that delivers a stroke with a fast versus slow speed on an isolated,
disembodied arm or palm. Our stimuli showed the bodies of two actresses interacting through
touch and not only an arm being stroked. Thus, we presented to the infant scenes rich in social
and emotional cues (i.e., whole body information, posture information, body orientation, and
gender information) that might have facilitated the processing of the positive value of the
observed tactile interaction, soliciting a congruent emotional facial reaction in infants.

Interestingly, previous studies reported that both first- and second-person experience of
touch activates infants’ sensorimotor cortex (Addabbo, Quadrelli, et al., 2020; Meltzoff
et al., 2018; Rigato et al., 2019). In particular, a recent study recorded EEG desynchronization
(in the 6-8 Hz mu frequency range) over somatosensory sites both when infants were stroked
on their hands and observed a live stroke on somebody else's hand (Addabbo, Quadrelli,
et al., 2020). Our results enrich the current infant literature, showing that, besides sensorimotor
processes, the observation of a caress might also entail infants' affective processes. Future
studies might explore the neurocognitive mechanisms that underlie infants' facial responses to
emotional stimuli. It has been proposed that automatic sensorimotor matching processes trigger
emotional responses in the observer (i.e., Campbell & Cunnington, 2017). Differently, according
to other theoretical perspectives, facial reactions involve emotional communicative processes
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(Dimberg, 1997) or are the result of both motor and emotional processes that work in parallel
(Moody et al., 2007).

Differently from expected, we did not record any modulation of the activity of infants' CS
muscle in response to observed scratches. The absence of differential CS activation in our study
might suggest that infants might not yet be able to detect the negative valence of scratches.
While infants might have had abundant experience with caresses throughout their lives, their
experience with scratches might be very limited in infancy. Also, while a caress is a distinctive
signal of affection in a variety of contexts and situations (e.g., we can use a caress to comfort a
sad friend or because we are happy to meet an old friend), scratches are more ambiguous signals
that are not only used to convey negative emotional states. For example, we can scratch others'
skin when it itches. In our study, adults rated our scratch stimuli as negative in valence, thus,
they might have relied on some crucial cues to detect the threatful nature of such observed
tactile stimulation, such as the amount of pressure of the fingers on others’ skin. It could be
hypothesized that 11-month-old infants might not be able yet to detect such cues and distin-
guish between a threatful and a non-threatful scratch. A previous EMG study with adult par-
ticipants showed that adults can rely also on the speed of touch to detect the affective/non-
affective nature of an observed stroke, showing a relaxation of the CS in response to the
observation of affective touch, and an increased activation of the CS in response to non-affective
touch (Mayo et al., 2018). Future studies might conduct a more in-depth exploration of infants’
sensitivity to negative tactile interactions by presenting infants with different types of non-
affective touches, such as fast strokes. Also, it would be interesting to understand, when, in
human development, infants start to rely on specific cues such as force, speed, and pressure, to
decipher the negative nature of an observed tactile interaction.

It is now known that infants are able to discriminate emotional expressions, to respond to
them appropriately, and to understand the emotional states of others, even when expressed
through sensory channels other than the visual one (auditory tones, kinematics) (Addabbo,
Vacaru, et al., 2020; Ruba & Repacholi, 2020). Here we explored whether infants are sensitive to
the valence of tactile actions involving two social agents that are part of their social context,
their visual environment. We have shown that not only do children modulate their behavior
toward an object on the basis of the emotion that the adult expresses toward it, but they also
respond appropriately to the emotions that characterize the social/emotional/affective touch
exchanges that populate their environment. Future research could expand this line of investi-
gation which has important clinical implications, for example, to understand what can happen
in children who observe violent touch early in life.

People can express their emotions non-verbally through different channels, and touch is a
fundamental modality through which we communicate our intentions and emotions to others.
Here, we have shown, for the first time, that observing affective tactile interactions (i.e., ca-
resses) evokes in infants the activation of the ZM, the “smiling muscle”. Thus, it could be
hypothesized that, as in adults, the processing of positive/affective touch in infancy goes beyond
the simulation of others’ sensory experiences (Addabbo, Quadrelli, et al., 2020) and engages
affective and emotional processes as well. As such, touch can be considered a crucial visual cue
that could trigger emotional states in infants.
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