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Hedonic and autonomic responses 
in promoting affective touch
Alessandro Mazza 1, Monia Cariola 1, Francesca Capiotto 1, Matteo Diano 1, Selene Schintu 2,3, 
Lorenzo Pia 1 & Olga Dal Monte 1,4*

Interpersonal touch is intrinsically reciprocal since it entails a person promoting and another receiving 
the touch. While several studies have investigated the beneficial effects of receiving affective 
touch, the affective experience of caressing another individual remains largely unknown. Here, we 
investigated the hedonic and autonomic responses (skin conductance and heart rate) in the person 
promoting affective touch. We also examined whether interpersonal relationship, gender, and eye 
contact modulate these responses. As expected, caressing the partner was perceived as more pleasant 
than caressing a stranger, especially if the affective touch occurred together with mutual eye contact. 
Promoting affective touch to the partner also resulted in a decrease of both autonomic responses and 
anxiety levels, suggesting the occurrence of a calming effect. Additionally, these effects were more 
pronounced in females compared to males, indicating that hedonic and autonomic aspects of affective 
touch are modulated by both social relationship and gender. These findings show for the first time 
that caressing a beloved one is not only pleasant but also reduces autonomic responses and anxiety in 
the person promoting the touch. This might suggest that affective touch has an instrumental role for 
romantic partners in promoting and reinforcing their affective bonding.

Touch is the simplest and most direct of all sensory systems1. It has been described as the paramount means of 
interpersonal exchange, which plays a crucial role in emotional processing, social interactions, and cognition2. 
The skin has been defined as “a social organ”3 and whether touch comes from a firm handshake, an encouraging 
pat on the shoulder, or a gentle caress, it has a strong and direct nonverbal communicative function4. The pleasant 
effects of social touch are mainly determined by a particular type of touch called affective touch; a touch resem-
bling a caress, essential for emotions’ communication and social bonds4. The affective touch is a standalone type 
of tactile experience that relies on the hyper-specialized somatosensory system, called C-Tactile (CT) afferent 
system, which is activated by slow and gentle strokes5,6 and a temperature close to the one of the human skin7. 
However, differently from the unequivocal nature of discriminative touch, affective touch can have a positive or 
a negative valence depending on, for example,  the speed and body’s area in which the touch occurs8,9, socio-
cultural norms, context, gender10, interpersonal relationship, identity of the person providing the touch3,11,12,and 
nonverbal visual cues13.

Research conducted across the last few decades has come to the agreement that the pleasant effects pro-
duced by affective touch vary as a function of the relationship between individuals. Undoubtedly, more frequent 
physical contact and closeness are observed among romantic partners than strangers. Being touched by one’s 
partner lowers arousal levels by reducing the activity of brain areas involved in alarm processing14,15, promotes 
recovery following a stressful event16, diminishes pain perception17, and prompts physiological coupling between 
partners18. On the contrary, being touched by a stranger does not produce the calming and analgesic effects 
observed between partners and it can rather induce states of anxiety and discomfort12,19. Indeed, an unexpected 
touch from a stranger is likely to be experienced as discomforting and unpleasant20.

Another relevant aspect reported to modulate the hedonic experience of affective touch is the gender of the 
subjects involved in the social interaction. Russo et al.21 have reported a gender asymmetry in the evaluation of 
affective touch with females showing higher sensitivity and accuracy in communicating feelings and emotions via 
touch than men. For example, females tend to find less pleasant a touch from a male stranger than a male friend, 
while men are equally comfortable with a touch from either a woman stranger or a woman friend22. Nonetheless, 
studies on the modulatory effect of gender on affective touch are dated23, often inconsistent24 and mainly based 
on participants’ subjective rating.

Recent studies have also pointed out the possible contribution of visual cues as a factor that might come 
into play during affective touch12,25. Among several social cues, eye contact has been considered a rich source of 
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social information that promotes social interactions in both human26 and non-human primates27. Eye contact 
has been argued to play a leading role in strengthening emotional sharing between individuals and evoking 
positive affective reactions28. Nevertheless, the meaning of eye contact is subordinated to both contextual factors 
and interpersonal relationships29,30; an eye contact with a familiar person, but not with a stranger, can enhance 
affection, attention, and social inclusion31. Although eye contact is a key feature of social interaction and in daily 
life affective touch often occurs together with eye contact exchange, only a few studies have assessed the link 
between eye gaze and touch32,33, thus  their relationship is still  largely unexplored.

Some studies have also investigated the hedonic and sensorial aspects of affective touch from the perspective 
of the person promoting it (hereafter also referred to as the giver). For example, another person’s skin is perceived 
as more pleasant to touch34 as well as softer35,36 than one’s own, a phenomenon called “social softness illusion”. 
Crucially, this effect only occurs when tactile contact resembles affective touch36, which in turn is perceived as 
pleasant and rewarding by the stroked person8. These studies highlight how the pleasantness of stroking others’ 
skin might play a central role in promoting and strengthening interpersonal bonding. However, the pleasantness 
of promoting affective touch might change depending on contextual social cues such as the interpersonal rela-
tionship with the receiver, the giver’s gender, and the presence of a visual feedback between the two interacting 
individuals. In the last decade, several researchers have shown the influence of interpersonal relationship, gender, 
and eye contact on the person receiving affective touch, but  how these factors drive the hedonic and autonomic 
responses on the person promoting affective touch has been largely neglected.

To fill in this gap, with a series of experiments, we investigated the hedonic and physiological responses on the 
person promoting a slow (1–10 cm/s)37 and gentle affective touch (CT-optimal touch) over the receiver’s forearm. 
In Experiment 1, we examined whether the interpersonal relationship (Partner vs Stranger), gender (Male vs 
Female), and visual feedback (Eye Contact vs Non-eye Contact) could modulate both the subjective experience 
and the autonomic responses of the giver. We measured hedonic responses while concomitantly recording 
electrodermal and cardiac activity as indices of autonomic arousal associated to affective states38,39. Similarly to 
what has been already observed when people receive affective touch40,41, we expected caressing the partner to be 
perceived as more pleasant than caressing a stranger. Also, an eye contact with a close person is known to carry 
positive valence31, thus we hypothesized that the pleasantness of caressing the partner would be enhanced when 
the touch occurred during an eye contact exchange. In line with these hypotheses, we also predicted that stroking 
a stranger would result in enhanced stress and anxiety and would be associated with higher autonomic arousal. 
Additionally, we also predicted that both the receiver’s identity and the presence of eye contact would modulate 
physiological arousal. We expected to observe larger skin conductance responses with a stranger than with the 
partner especially if the affective touch occurred together with mutual eye contact.  Finally, given several pieces 
of evidence showing that females are more sensitive than males to a stranger’s touch21,42, we hypothesized that 
these effects could vary as a function of the giver’s gender, with females experiencing more anxiety and larger 
autonomic responses than males. Given that skin conductance is known to respond to eye contact 43,44 and to dis-
play anticipatory activity45, to exclude that the physiological responses observed in Experiment 1 could have been 
driven by eye contact alone or by any anticipatory effects, we conducted Experiment 2 in which we manipulated 
these two variables. In Experiment 2 we first assessed whether affective touch combined with eye contact produced 
a larger autonomic response than eye contact alone, then if such effect was larger with a stranger compared to 
the partner, and finally whether there were any gender differences. Moreover, to control  that the increase in 
skin conductance observed during affective touch was related to touch and not driven by any anticipatory effects 
due to the instructions participants received, we varied the instructions’ timing and removed any count-down 
preceding the touch so that participants could not predict its beginning. We hypothesized a stronger autonomic 
response when participants were engaged in affective touch as compared to just mutual eye contact, as well as 
a higher hedonic experience when interacting with their partners as compared to a stranger. Additionally, we 
predicted that the increase in skin conductance during affective touch would have been both independent from 
and larger than the physiological activity during the instructions period, thus ruling out the possibility that the 
increase in skin conductance observed during affective touch could be driven by an anticipatory effect.

Results
Experiment 1.  Fifty participants (25 females) engaged in an ecological interactive affective touch paradigm 
(Fig. 1a) while electrodermal and electrocardiac activities were recorded from the person promoting affective 
touch (i.e., the giver). The experimental session included two blocks. In one block, the giver was invited to 
promote a slow and gentle affective touch (approximately 4 cm/s) over his/her partner’s forearm; in the other 
block, the giver was invited to promote the same type of affective touch over a stranger’s forearm (an opposite-
gender confederate, i.e., an experimenter) (Fig. 1b). Since we were also interested in investigating the impact of 
mutual eye contact on affective touch, we employed two conditions: Eye Contact condition and Non-eye Contact 
condition (Fig. 1c), randomized within each block. As represented in Fig. 1d, at the beginning of each trial the 
giver was presented on the computer screen with the instructions for the upcoming touch together with a 5 s 
count-down. Then, the giver was invited to promote affective touch to the receiver that lasted 36 s (6 consecutive 
strokes). In the Eye Contact condition, the eye contact lasted for the whole trial duration (36 s). Next, a Visual 
Analog Scale (VAS) was presented on the screen and the subject was asked to rate the pleasantness of the touch 
he/she had promoted. At the end of each block participants were asked to fill in the STAI-Y1 questionnaire 
to assess changes in their anxiety levels after promoting a  touch to the partner (Post Partner) and a stranger 
(Post Stranger) as compared to the beginning of the experimental session (Fig. 1e). Before the beginning of the 
experimental session, participants underwent a brief training session to make them familiar with promoting a 
gentle stroke at an optimal speed for affective touch (i.e., 4 cm/s)37. A clear description of the experimental pro-
cedure is depicted in Fig. 1e.
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Hedonic responses.  We first assessed whether the interpersonal relationship, gender, and eye contact could 
modulate the hedonic response on the person promoting affective touch. The mixed-factors analysis of the vari-
ance (ANOVA) on subjective rating (VAS scores on pleasantness) having Other (Partner vs Stranger) and Gaze 
(Eye Contact vs Non-eye Contact) as within-subject factors and Gender (Males vs Females) as between-subject 
factor, showed a main effect of Other [F(1, 48) = 114.29, p < 0.001, ηp

2 = 0.705], indicating that participants rated 
as more pleasant to stroke their Partner than a Stranger. We also found a main effect of Gaze [F(1, 48) = 21.49, 
p < 0.001, ηp

2 = 0.309], meaning that promoting affective touch to another person is rated as more pleasant when 
touch is accompanied by mutual Eye Contact compared to Non-eye Contact. Crucially, a significant interaction 
Other*Gaze [F(1, 48) = 42.43, p < 0.001, ηp

2 = 0.469] indicated that mutual Eye Contact enhances the perceived 
pleasantness of affective touch compared to Non-eye Contact with the Partner [t(49) = 7.60, p < 0.001] but not with 
a Stranger [t(49) = 0.22, p = 0.83] (Fig. 2a). No other significant main effects or interactions were found.

These results, in line with our hypotheses, show that the hedonic experience of promoting affective touch 
is stronger when participants promote affective touch to their partners as compared to strangers and that such 
effect is enhanced when mutual eye contact occurrs during the interaction.

Autonomic (skin conductance) responses.  We next investigated whether the differences observed at the hedonic 
level were reflected on the giver’s electrodermal activity (EDA) (Fig. 2b, c). The same mixed-factors ANOVA 

Figure 1.   Experimental setting, variables, and task progression. (a) Experimental setting: the participants sat 
facing each other. Only the giver had a computer screen in front of him/her, showing trial-by-trial instructions. 
The giver gently stroked the right arm of the receiver (partner or stranger) with his/her dominant hand. (b) 
Receiver’s identity: the experiment consisted of two blocks, one with the giver’s partner (top) and one with a 
stranger played by a confederate (bottom). (c) Visual feedback: at the beginning of each trial in each block, 
participants were asked to promote affective touch while either exchanging a mutual eye contact with the receiver 
(Eye Contact condition; top) or looking at a fixation cross on the screen (Non-eye Contact condition; bottom). 
The two conditions were presented in a pseudo-randomized order. (d) Task progression: each block consisted 
of 18 trials lasting 1 min each: 5 s of instructions (i.e., promote the affective touch with or without eye contact); 
36 s of affective touch; 14 s of pleasantness rating on a scale from −10 (unpleasant) to +10 (pleasant); and 5 s 
of inter-trial interval (ITI; return to baseline). (e) Experimental procedure: illustrated an example sequence 
of one experimental session for both a Male subject (M1) and a Female subject (F1). At the beginning of each 
experimental session, subjects were invited to fill in four questionnaires including the STAI-Y1 (see “Methods” 
section). Before the beginning of the experimental session, M1 (i.e., the male giver) underwent a brief affective 
touch training, then he completed the partner block with his female partner. At the end of this block, M1 was 
invited to fill in the STAI-Y1 questionnaire again (Post Partner). After a break, M1 performed a second block 
with a stranger (female confederate) and was invited to fill in the STAI-Y1 a third and last time (Post Stranger). 
After a longer break, F1 (M1’s partner) performed the same procedure as M1. She started with affective touch 
training, then she completed her first block with a stranger (male confederate) and after that she was invited to 
fill in the STAI-Y1 (Post Stranger). After a short break, F1 performed a second block with her partner (M1) then 
was invited to fill in the STAI-Y1 a third and last time (Post Partner). The subject starting (M1 or F1) and the 
order of the experimental blocks were counterbalanced across subjects.
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design used for VAS was run on EDA mean and showed a significant main effect of Gaze [F(1, 48) = 107.02, 
p < 0.001, ηp

2 = 0.690; Fig. 2d], meaning a higher skin conductance level when affective touch is accompanied by 
mutual Eye Contact as compared to Non-eye Contact. Even though the main effect Other did not reach statisti-
cal significance [F(1, 48) = 3.68, p = 0.061; Fig. 2e], we found a significant interaction Other*Gaze [F(1, 48) = 12.48, 
p < 0.001, ηp

2 = 0.206; Fig. 2f] indicating that autonomic responses during affective touch vary as a function of 
both eye contact and the identity of the interacting person. In fact, only when affective touch was accompanied 
by Eye Contact, participants showed a higher level of skin conductance with a Stranger compared to their Part-
ner [t(49) = 2.62, p = 0.012]. This difference was instead absent during Non-eye Contact interactions [t(49) = 0.28, 
p = 0.78]. Interestingly, we also observed a significant interaction Other*Gender [F(1, 47) = 7.493, p = 0.009, 
ηp

2 = 0.135; Fig. 2g] indicating that only Females showed larger EDA mean when stroking a Stranger compared 
to the Partner [t(24) = 2.69, p = 0.013]. This difference was not present in Male participants [t(24) = 1.48, p = 0.15]. 
No other significant main effects or interactions were found.

These results show that  promoting affective touch to a stranger increases autonomic responses, and such effect 
is enhanced when mutual eye contact occurs during the interaction. Furthermore, as expected, the gender of the 
giver plays a significant role; females, but not males, show a greater increase in skin conductance when caressing 
a stranger compared to their partners.

Autonomic (heart rate) responses and subjective measures (self‑report).  The mixed-factors ANOVA on heart rate 
(Beats Per Minute; BPM) averaged within each experimental block, with Other (Partner vs Stranger) as within-
subject factor and Gender (Males vs Females) as between-subject factor, showed a significant Gender*Other 
interaction [F(1, 46) = 8.79, p = 0.005, ηp

2 = 0.160; Fig. 3a]. This interaction, in line with our hypotheses and with 
skin conductance’s results, showed that only Female participants displayed a faster heart rate while promoting 

Figure 2.   Hedonic and autonomic responses. (a) Bar plots show the mean pleasantness ratings reported by 
participants in the four conditions: affective touch given to a Stranger without Eye Contact (Non-eye Contact 
condition; dark green), to a Stranger with Eye Contact (Eye Contact condition; light green), to the Partner 
without Eye Contact (dark purple) and to the Partner with Eye Contact (light purple). Values shown are the 
mean ±  s.e.m. (b) Single-trace examples of raw electrodermal activity (EDA) aligned to the time of affective 
touch with a Stranger, with or without Eye Contact (light green on the top and dark green at the bottom, 
respectively). Vertical dotted grey line indicates the beginning of affective touch period (36 s duration). (c) 
Single-trace examples of raw EDA activity aligned to the time of affective touch with the Partner, with or 
without Eye Contact (light purple and dark purple, respectively), same format as (b). (d) Z-scored mean EDA 
values during affective touch delivered without Eye Contact (Non-eye Contact condition) and with Eye Contact 
(Eye Contact condition). (e) Z-scored mean EDA values during affective touch delivered to a Stranger and 
the Partner. (f) Z-scored mean EDA values when affective touch was delivered without Eye Contact (Non-eye 
Contact condition) and with Eye Contact (Eye Contact condition) separately for Stranger (green) and Partner 
(purple). (g) Z-scored mean EDA values when affective touch was delivered by Males or Females, separately for 
Stranger (green) and Partner (purple). Values shown are z-scored ± s.e.m. Significant results are indicated by 
asterisk * = p < 0.05; ** = p < 0.01; *** = p < 0.001. n.s. = not significant.
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affective touch to a Stranger than to the Partner [t(23) = 3.04, p = 0.006], while Male participants did not show any 
differences in heart rate depending on the receiver’s identity (t(23) = 1.16, p = 0.26).

Next, using a self-report measure (State-Trait Anxiety Inventory-STAI-Y1) we assessed changes in anxiety 
levels related to affective touch. The mixed-factors ANOVA on the State-Trait Anxiety Inventory scores showed a 
main effect of Other [F(1, 47) = 46.83, p =  < 0.001, ηp

2 = 0.499; Fig. 3b]. As expected, we found a general increase in 
anxiety levels after promoting affective touch to a Stranger (4.08 ± 0.97) [t(48) = 4.19, p < 0.001] and a decrease after 
promoting it to the Partner (-2.88 ± 0.97) [t(48) = − 2.6, p = 0.005]. These results confirm that promoting affective 
touch to the Partner produces calming effects, while promoting it to a Stranger enhances anxiety. Additionally, 
we found a significant interaction Other* Gender [F(1, 47) = 4.14, p = 0.048, ηp

2 = 0.081]. Both Males [t(24) = 3.98, 
p < 0.001] and Females [t(23) = 5.53, p < 0.001] showed a significant difference between caressing a Stranger and 
the Partner; however, for Male participants neither promoting affective touch to the Partner nor to the Stranger 
significantly increased or decreased anxiety levels compared to their baseline [ΔPartner = − 2.4 ± 1.34, t(24) = − 1.79, 
p = 0.09; ΔStranger = 2.52 ± 1.35, t(24) = 1.86, p = 0.08]. On the contrary, both effects were present in Females, for 
whom stroking the Partner produced significantly calming effects, while promoting affective touch to a Stranger 
raised their anxiety levels [ΔPartner = − 3.38 ± 1.44, t(23) = − 2.35, p = 0.028; ΔStranger = 5.71 ± 1.35, t(23) = 4.23, p < 0.001]. 
These results confirm previous studies and our hypotheses. Given these results, we next asked whether differences 
observed at the hedonic and physiological levels between male and female subjects might have been driven by 
other traits. First of all, Males and Females did not differ in their anxiety level at baseline [Males 34.88 ± 1.13 
and Females 33.96 ± 1.62; t(47) = 0.401, p = 0.691]. Additionally, Males and Females did not differ in their personal 
attitude toward social situations involving touch in everyday life as measured by the STQ [Males 35.12 ± 2.29 
and Females 34.17 ± 2.65; t(48) = − 1.32, p = 0.193], nor in their level of distress when interacting with others as 
measured by the SIAS [Males 30.04 ± 2.50 and Females 29.04 ± 2.61; t(48) = − 0.89, p = 0.373]. Moreover, neither the 
quality nor the strength of the relationship were perceived differently by Males and Females as measured by the 
DAS [Males 103.88 ± 1.50 and Females 102.96 ± 2.23; t(48) = 0.31, p = 0.761] (see “Methods” section for details on 
questionnaires).

Overall, both skin conductance and heart rate measures reveal a larger autonomic activation in females 
compared to males when they had to promote affective touch to a stranger. Crucially, these findings reflect the 
STAI-Y1 questionnaire results, in which only females reported a significant increase in their level of anxiety with 
a stranger and a reduction of anxiety after promoting affective touch to their partner (see Supplementary Fig. 1 
for an overview of the results).

Experiment 2.  To control that the hedonic and skin conductance responses observed in Experiment 1 were 
not driven by eye contact per se nor by any anticipatory effects linked to the trial’s instructions, in Experiment 
2 (N = 18 participants; 10 Females), we manipulated the aforementioned two variables. We designed an experi-
mental setting similar to Experiment 1, whereby in one block the giver promoted affective touch to the subject’s 
partner forearm while in the other block he/she stroked the forearm of a stranger (an opposite-gender confeder-
ate). To confirm that physiological responses in Experiment 1 were not only explained by the presence/absence 
of mutual contact exchange between the giver and receiver, but rather by affective touch, we employed two con-
ditions: Affective touch + Eye Contact condition (Touch + Eyes, Fig. 4a) and Eye Contact only condition (Eyes 
only, Fig. 4b). These allowed us to keep eye contact fixed across conditions and manipulate the presence/absence 
of a concomitant affective touch. As we hypothesized that affective touch per se has an impact on the giver’s 
autonomic system, we expected to observe larger skin conductance responses when eye contact was coupled 
with affective touch than during eye contact alone. In both conditions, the eye contact lasted for the whole trial 

Figure 3.   Heart rate and Self-reported anxiety levels. (a) Z-scored heart rate (Beats Per Minute; BPM) when 
affective touch was delivered by Males or Females to either a Stranger (green) or the Partner (purple). Heart 
rate was extracted considering the whole block duration, for both Partner and Stranger blocks. (b) State anxiety 
variations as measured by State-Trait Anxiety Inventory reported by Males and Females after completing the 
Stranger (green) and the Partner (purple) blocks; significance values depicted inside the bars indicate the 
p-values of t-tests against zero for each condition separately. Values shown are the mean ± s.e.m.. Significant 
results are indicated by asterisk * = p < 0.05; ** = p < 0.01; *** = p < 0.001. n.s. = not significant.
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duration. Moreover, to confirm that the increase in skin conductance observed during affective touch was related 
to affective touch and not driven by any anticipatory effects, we varied the instructions timing (5, 10, or 15 s) and 
removed any countdown: participants were instructed to start the trial as soon as instructions disappeared from 
the screen, thus they were not able to predict the beginning of the touch (Fig. 4c).

Hedonic responses.  The mixed-factors ANOVA on subjective rating having Other (Partner vs Stranger) and 
Touch (Touch + Eyes vs Eyes Only) as within-subject factors and Gender (Males vs Females) as between-subject 
factor showed a main effect of Other [F(1, 16) = 53.16, p < 0.001, ηp

2 = 0.769], indicating that participants rated as 
more pleasant to stroke their Partner than a Stranger. We also found a significant interaction Other*Gender 
[F(1, 16) = 8.03, p = 0.012, ηp2 = 0.334] indicating that caressing their partner was perceived as more pleasant 
for Females than Males [t(16) = − 1.95, p = 0.035]. Crucially, a significant interaction Other*Touch [F(1, 16) = 15.97, 
p = 0.001, ηp

2 = 0.499] indicated that affective touch when combined with a mutual Eye Contact was perceived 
as more pleasant than just an Eye Contact only with the Partner [t(17) = 5.95, p < 0.001] but not with a Stranger 
[t(17) = 1.29, p = 0.215]. No other significant effects or interactions were found.

These results, in line with those reported in Experiment 1, show that participants perceived as more pleasant 
to interact with their partners as compared to strangers. Crucially, the results also suggest that the pleasantness 
of promoting affective touch is enhanced by eye contact, but only when interacting with the partner.

Autonomic (skin conductance) responses and subjective measures (self‑report).  Next, we assessed whether affec‑
tive touch produced a different skin conductance response with respect to eye contact only. We also aimed to 
investigate whether such effect was larger with a stranger compared to the partner and if there were any gen-
der differences. Thus, we ran a mixed-factors ANOVA on EDA mean, with Other (Partner vs Stranger) and 
Touch (Touch + Eyes vs Eyes Only) as within-subject factors and Gender (Male vs Females) as between-subject 

Figure 4.   Experimental setting task progression and physiological responses. (a) Experimental setting: 
participants sat facing each other. Only the giver had a computer screen in front of him/her, showing trial-by-
trial instructions. The giver promoted affective touch on the right arm of the receiver participant with his/her 
dominant hand while looking at him/her in the eyes (Touch + Eyes). The receiver was either his/her partner 
or a stranger played by a confederate. (b) Same format as in (a) but depicting the Eye Contact only condition 
(Eyes Only). (c) Task progression: each block consisted of 20 trials. The instructions presented on the screen 
had three different presentation times (5, 10 or 15 s), then at the end of the instructions a white cross appeared 
on the screen indicating the beginning of the experimental condition (i.e., Affective Touch + Eye Contact or 
Eye Contact only) and lasted for 36 s. After that, a VAS for pleasantness rating, ranging from −10 (unpleasant) 
to +10 (pleasant) was presented for 14 s, and followed by 5 s of inter-trial interval (ITI). (d) Z-scored mean 
EDA values during a mutual eye contact exchange (Eyes Only) and during and affective touch and eye contact 
(Touch + Eyes). (e) Z-scored mean EDA values during Eyes Only and Touch + Eyes separately for Stranger (light 
green) and Partner (light red). (f) Z-scored mean EDA values when Females (main plot) and Males (inset) 
engaged in a mutual eye contact exchange (Eyes Only) and in affective touch combined with an eye contact 
(Touch + Eyes) separately for the Stranger (light green) and the Partner (light red). (g) State anxiety variations 
after interacting with a Stranger (light green) and the Partner (light red). Values shown are the mean ± s.e.m. 
Significant results are indicated by asterisk * = p < 0.05; ** = p < 0.01; *** = p < 0.001.
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factors. We found a significant main effect of Touch [F(1, 16) = 20.27, p < 0.001, ηp
2 = 0.559], with Touch + Eyes 

condition showing larger values than the Eyes Only condition, suggesting that affective touch is accompanied 
by a larger skin conductance response than eye contact only (Fig. 4d). We also found a significant interaction 
Other*Touch [F(1, 16) = 4.66, p = 0.046, ηp

2 = 0.225], indicating that the autonomic responses vary as a function of 
the receiver’s identity. Promoting affective touch to a Stranger compared to the Partner resulted in an increase 
of autonomic response [t(17) = 2.33, p = 0.034] whereas this difference was absent during Eyes Only condition 
[t(17) = 0.05, p = 0.964], indicating that larger EDA values with a Stranger than with the Partner were observed 
only when affective touch was involved, and not with eye contact alone (Fig. 4e). Lastly, we found a significant 
triple Other*Touch*Gender interaction [F(1, 16) = 9.64, p = 0.007, ηp

2 = 0.376] (Fig. 4f). To disentangle this triple 
interaction, we ran two separate ANOVAs, one for Males and one for Females respectively, with Other (Part-
ner vs Stranger) and Touch (Touch + Eyes vs Eyes Only) as within-subject factors. For Male participants we 
only found a significant main effect of Touch [F(1, 7) = 5.60, p = 0.050, ηp

2 = 0.445], with Touch + Eyes condition 
showing larger EDA values than the Eyes Only condition (Fig. 4f inset). As for Male participants, for Female 
participants we found a significant main effect of Touch [F(1, 9) = 19.30, p = 0.002, ηp

2 = 0.682], with Touch + Eyes 
condition showing larger values than Eyes Only condition. However, we also found a significant Other*Touch 
interaction [F(1, 9) = 37.68, p < 0.001, ηp

2 = 0.807], showing that a significant difference in EDA response between 
Partner and Stranger was present only for the Touch + Eyes condition [t(9) = − 2.82, p = 0.020], and not for the 
Eyes Only condition [t(9) = 1.14, p = 0.285]. This interaction suggests that larger EDA values with the stranger are 
observed only when affective touch is present, and not with eye contact alone (Fig. 4f). Moreover, in line with 
the findings of Experiment 1, participants reported higher levels of state anxiety after interacting with a Stranger 
compared to their Partner [F(1, 16) = 8.83, p = 0.009] (Fig. 4g). No other significant effects or interactions were 
found.

Overall, these results show that affective touch produces a larger skin conductance response than eye contact 
alone, thus confirming our hypothesis that the effects observed in Experiment 1 were not merely driven by mutual 
eye contact. Additionally, with Experiment 2 we replicated the results reported in Experiment 1. We found that a 
larger autonomic response occured when affective touch is given to a stranger compared to the partner and that 
this difference is enhanced with mutual eye contact, with stronger effects in female compared to male participants 
(see Supplementary Fig. 2 for an overview of the results).

Finally, we also demonstrated that skin conductance responses occurring during affective touch were both 
independent from and larger than during the instructions period, thus ruling out any anticipatory effect (see 
Supplementary Results and Supplementary Fig. 3).

Discussion
Affective touch plays a key evolutionary role in socio-emotional interactions, produces calming effects, promotes 
social bonding, and strengthens affiliative behaviors4,46,47. In the present study, our primary goal was to examine 
the hedonic experience and the autonomic responses on the person promoting affective touch. Specifically, we 
were interested in investigating whether and to which extent the relationship between the giver and the receiver, 
the giver’s gender, and the occurrence of mutual eye contact could modulate hedonic and autonomic responses 
during affective touch. We found that participants reported as more pleasant caressing their partners than a 
stranger and that this effect was enhanced when mutual eye contact occurred during the interaction. At the 
physiological level we observed that the skin conductance responses varied not only based on the interpersonal 
relationship between the two interacting participants (partner vs stranger), but also as a function of both the 
giver’s gender and the exchange of eye contact. Indeed, the difference in skin conductance between partner and 
stranger, with higher skin conductance activity when stroking a stranger compared to the partner, was enhanced 
when mutual eye contact occurred during the interaction. Additionally, we found that females showed a greater 
increase in skin conductance when caressing a stranger compared to caressing their partners, while this differ-
ence was not present for male participants.

These results show for the first time that affective touch is accompanied by context-specific hedonic experi-
ences and elicits autonomic reactions in the person promoting it, and not only in the person receiving it as the 
existing literature has previously shown. These findings also suggest that different social variables, such as giver’s 
identity, gender, and eye contact are encoded by the autonomic nervous system and modulate the physiological 
responses in the person promoting affective touch. Moreover, with Experiment 2 we showed that  the skin con-
ductance increase during affective touch was both independent from and larger than the one measured during the 
instructions period, thus ruling out the possibility that the enhancement in skin conductance observed during 
affective touch was driven by an anticipatory effect.

Subjective responses.  At the hedonic level we found that promoting affective touch to the partner was per-
ceived as more pleasant than promoting it to a stranger. This finding goes beyond previous studies which found 
that hetero-directed touch is more pleasant than self-directed touch34,36 and reveals that the pleasantness of a 
hetero-directed affective touch depends on the type of relationship between the giver and the receiver15. From 
the receiver’s point of view, it has been reported that the degree of the pleasantness of receiving affective touch 
can vary as a function of the type of relationship; for instance, people are less comfortable being touched by a 
friend than by their partner48, and even less by a stranger12,19. It is also well documented that humans are more 
prone to exchange social touch with people with whom they share a close and intimate relationship48 and that 
the beneficial effects of being touched are present if the giver is a romantic partner16,18. However, tactile affective 
exchange is a mutual dyadic behavior, and our results complement previous studies that have reported beneficial 
effects of affective touch only from the receiver’s point of view.



8

Vol:.(1234567890)

Scientific Reports |        (2023) 13:11201  | https://doi.org/10.1038/s41598-023-37471-9

www.nature.com/scientificreports/

Additionally, we not only found that promoting affective touch to the partner was perceived as more pleasant 
than promoting it to a stranger but also that the former reduced anxiety level compared to the latter. Participants 
reported lower levels of anxiety after promoting affective touch to their partner compared to a stranger, thus 
confirming that the beneficial calming effects of affective touch between romantic partners are present also in 
the person who promotes the touch. Indeed, receiving affective touch from a partner helps regulating emotional 
responses14, increases the feeling of being supported during distress16, and attenuates pain perception17. Thus, 
these results suggest that also in the person promoting affective touch the anxiety relief might be closely linked 
to a boost in affectivity, well-being, and bonding49 between romantic couples.

The link between hedonic and calming effects of affective touch seems to rely on the role of specific afferent 
fibers, the C-Tactile (CT), which have been argued to mediate both pleasure50 and stress reduction effects dur-
ing affective touch51. CT fibers take a direct ascending pathway from the periphery to the posterior insula3,52 
and affective touch on CT-rich skin has been shown to elicit the activation of the posterior insula among other 
social-brain areas53. The posterior insula also plays a central role both in autonomic regulation54 as well as in the 
affective component of the touch3 by recruiting the central reward system55. Altogether, these elements provide 
strong evidence in support of the idea that CT fibers might play a central role in linking the social meanings of 
affective touch with its hedonic and anxiolytic effects.

Interestingly, while only hairy skin is rich in CT afferents, stimulation of glabrous skin (i.e., the stroking 
hand) can produce pleasant sensations as well. For example, stroking smooth, soft surfaces produces a pleasant 
effect56, and affective touch in glabrous skin has been found to activate several brain structures also related to the 
CT-mediated pleasant aspects of touch53. Moreover, studies on social softness illusion showed that people find it 
more pleasant to touch another’s skin than their own36. Importantly, such effect only occurs when stimulation fol-
lows CT-optimal speed36 and is stronger when is provided in allocentric position35. Not surprisingly, people also 
show a natural tendency to stroke a beloved one at CT-optimal velocities57. Taken together, these observations 
emphasize the social nature of affective touch and support the idea that the giver’s hedonic experience might rely 
on a learned affective meaning associated to the positive experience of being stroked over CT-innervated skin. 
Consistently with the social nature of affective touch, in the present study we bring evidence that the pleasantness 
in promoting affective touch can be drastically modulated by two key contextual social factors: the identity of the 
person receiving the touch and the presence of an eye contact exchange. Indeed, touching the partner was per-
ceived as more pleasant than touching a stranger, especially if the touch occurred together with direct eye contact. 
Our results are therefore in line with the concept that promoting affective touch can be a pleasant experience and 
extend this idea by showing that the degree of pleasantness also depends on specific dyadic contextual factors.

Finally, although most studies have avoided investigating the role of visual feedback between participants 
during affective touch, for example by separating participants with a curtain 15,36, we sought to understand 
how such variable might impact the experience of the person promoting affective touch. We found that when 
affective touch was accompanied by a mutual eye contact it further enhanced its pleasantness. Eye contact has 
been argued to play a major role in strengthening emotional sharing between individuals and evoking positive 
affective reactions28. In fact, the meaning of an eye contact is subordinated to contextual factors29,58 and a direct 
gaze exchange with a familiar person can evoke positive affective reactions31. Thus, the enhanced pleasantness 
reported when affective touch is combined with an eye contact could trigger an intrinsic hedonic reward and 
reinforce the motivational tendency to engage with a beloved one in an affective interaction.

Physiological responses.  Together with the subjective hedonic experience and self-report anxiety level, 
we investigated the physiological responses by recording and tracking skin conductance and heart rate in the 
person promoting affective touch. We found that caressing the partner compared to a stranger resulted in a gen-
eral lower skin conductance activity. Skin conductance is a well-known indicator of autonomic arousal associ-
ated to affective states38; thus, our results could reflect a lower level of arousal when caressing the partner and 
an increased arousal with a stranger. Previous studies have reported several positive effects of affective touch 
between two partners both at the psychological49 and physiological level18. Although based on the person receiv-
ing affective touch, these observations have suggested that touch influences homeostatic modulation and conveys 
social meanings such as closeness and intimacy59, by promoting positive effects on the person receiving it by 
eliciting C-Tactile fibers37. However, other studies also suggested that, at an inter-individual level, touch alone 
can mediate a co-adaptation of autonomic activities between interacting individuals18 and thus may influence 
the giver as well. In line with this possibility, we found evidence that the modulating effect of affective touch on 
arousal is not restricted to the person receiving it, but it can also function as an input capable of modulating the 
physiological state of the giver itself. Additionally, to rule out that the physiological responses observed were 
not driven by any anticipatory effect, we conducted a second experiment and found both an independent and 
stronger autonomic response during affective touch as compared to the period immediately preceding it.

Interestingly, we observed a gender asymmetry in autonomic responses in the person promoting affective 
touch. Both skin conductance and heart rate activity suggested that for females, but not males, stroking the part-
ner reduces the arousal whereas affective touch promoted to a stranger increases autonomic responses. Similarly to 
skin conductance, a lower heart rate corresponds to a lower state of distress39; hence, our results strongly suggest 
that females benefit from the calming effect of promoting affective touch to their partners. These physiological 
measures are supported by self-report anxiety states (STAI-Y1 questionnaire) which indicated that only females 
experienced an increase in anxiety after promoting affective touch to a stranger and a decrease in anxiety after the 
interaction with their partner. The gender effect observed in our study aligns with previous findings reporting 
that touch from an opposite-sex stranger is more avoided60 and perceived as more unpleasant by women than 
by men who, on the contrary, report it to be a quite pleasant experience22. Thus, our results are in line with what 
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has been previously showed, providing new evidence on gender differences at the physiological level also when 
affective touch is promoted.

Differences at the physiological levels were also observed when we manipulated the presence of mutual eye 
contact between the two participants. Indeed, affective touch and face-to-face interaction are two central elements 
of social exchanges32 and eye contact itself has already been shown to have a strong communicative and affective 
value28,61 and to increase physiological activation28,43,62,63. We found that during an affective tactile interaction 
the physiological effects of an eye contact strongly depend on the relationship between the two people involved, 
with a greater physiological activation with a stranger than the partner. A direct eye contact with a stranger can 
evoke unpleasant and stressful reactions29,31,58 and therefore increase arousal levels. Thus, an eye contact interac-
tion with a stranger might be processed as a potential social threat hence eliciting rapid sympathetic responses, 
whereas an eye contact with a partner might be processes as a calming source of well-being reflecting a general 
down-regulation of autonomic alertness by readily recruiting a parasympathetic activation. As in everyday life 
affective touch often occurs together with an eye contact exchange, with our second experiment we ruled out the 
possibility that autonomic responses when promoting affective touch to either the partner or a stranger could be 
driven uniquely by an eye contact exchange. Indeed, we found that affective touch produced a larger physiologi-
cal response than eye contact alone.

There are several limitations we should acknowledge as well as possible future directions for new investi-
gations. In our study, we only used a specific interpersonal touch which is affective touch. A comprehensive 
understanding of the effects, on the giver, of different kinds of social touch such as handholding, a handshake as 
well as deep pressure touch64 is still lacking. Future research should enlarge the present findings and investigate 
the effects at the subjective and autonomic level of different kinds of touch on the person promoting it. Further-
more, here we decided to enroll solely heterosexual couples to limit the number of variables at play; however, 
the hedonic and autonomic responses of the person promoting affective touch might change if interacting with 
a same-sex individual. Indeed, in our study we observed a gender asymmetry; in females, but not in males, 
stroking the partner reduced anxiety and arousal whereas affective touch promoted to a stranger increased auto-
nomic response. Hence, the field would benefit from the investigation of the hedonic and autonomic responses 
of same-sex individuals. Finally, in our study, both affective touch and eye contact lasted 36 s. We adopted a fixed 
amount of time in order to directly compare different conditions; however different durations of either affective 
touch or eye contact might have different meanings and therefore modulate a person’s experience65,66. It would 
be important for future research to vary the amount of time subjects spend engaging in a social interaction to 
survey and understand possible timing effects. Finally, this study has investigated how three social variables (i.e., 
interpersonal relationship, gender and visual feedback) could modulate both the subjective experience and the 
autonomic responses of the person promoting affective touch. However, many other factors such as personal-
ity traits, touch exposure, and cultural context might also play an important role. Future research considering 
all these factors could shed light on the influence of other factors on the experience of receiving or promoting 
affective touch.

In conclusion, the scientific relevance of the present study lies on several grounds. First, using a naturalistic 
paradigm and setting we have shown that  affective touch elicits autonomic reactions in the person promoting 
it, and not only in the person receiving it as previously shown. These findings highlight that the act of caressing 
a beloved one promotes a calming effect as well as an enhanced hedonic experience, and that such interaction 
is even more pleasant if accompanied by mutual eye contact. The autonomic system seems to encode and map 
the subjective experience with a greater decline in heart rate and skin conductance when caressing a partner 
compared to a stranger, which however are also modulated by both gender and mutual eye contact. On the other 
hand, interacting with a stranger while promoting affective touch not only has been reported to be less pleasant 
and to increase anxiety levels but it is also accompanied by a general increase in the arousal level, although medi-
ated by gender and eye contact between the two interacting participants. These results bring a novel contribution 
to the social neuroscience field by suggesting that different social variables, such as the relationship between 
the two individuals, the gender of the person promoting the touch, and mutual eye contact are encoded by the 
autonomic nervous system and modulate the physiological responses in the person promoting affective touch.

Methods
Experiment 1.  Participants.  Fifty participants were recruited and participated to the study accompanied 
by his/her partner. Our sample included 25 females (M = 24,2 years, SD = 2.52) and 25 males (M = 25,24 years, 
SD = 2.65). A priori power analysis conducted in G*Power67 indicated that, for a 2 × 2 × 2 mixed-factors ANO-
VA with 2 groups and 4 repeated measurements, the minimal required sample size for reaching the power of 
0.80 with a medium effect size (ηp

2 = 0.06) and alpha level = 0.05 was determined to be 24. Four confederates 
(2 females and 2 males) played the role of a stranger. The only inclusion criteria were being a male or a female 
between 20 and 30 years of age and being involved in a heterosexual relationship for at least six months. All 
participants were recruited from a participants’ database or through flyers posted on the University website and 
gave their written informed consent to participate in the study. All experimental procedures were approved by 
the Bioethical Committee of the University of Turin and conducted in accordance with the ethical standards of 
the 2013 Declaration of Helsinki. At the end of the experiment, all participants were informed about the aims 
and scopes of the experiment and did not receive any compensation for participation in this research study.

Experimental design, setting and task.  During the experimental session participants sat in front of each other 
diagonally shifted in allocentric position (Fig. 1a). The receiver’s right forearm was positioned on the table so 
that the giver could promote affective touch with his/her dominant hand. The giver was facing a computer screen 
located approximately 80 cm away, where trial-by-trial instructions were displayed. Before the beginning of the 
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experiment two Ag–AgCl non-polarizable electrodes were attached to the medial phalanges of the index and 
the ring fingers of the non-dominant hand by velcro straps. Electrodermal activity (EDA) was recorded for the 
whole experimental session by using an MP160 biosignal amplifier working with a specific acquisition module 
for electrodermal activity EDA100-C (Biopac Systems, Inc.). The gain parameter was set at 10 µSiemens (µS)/
Volt and the signal sampled at 500 Hz with a 0.05 Hz high pass filter. Additionally, electrocardiogram (ECG) pre-
gelled shielded electrodes were applied with a Lead II montage using the standard limb electrode placement68. 
ECG was recorded by using an MP160 biosignal amplifier working with a specific acquisition module for elec-
trocardiogram ECG100-C (Biopac Systems, Inc.). The gain parameter was set at 1000 (± 10 mV), and the signal 
sampled at 500 Hz with a 150 Hz low pass and a 0.05 Hz high pass filters.

The experimental session was divided into two blocks in which participants (i.e., the givers) promoted affective 
touch to a receiver. In one block the receiver was the giver’s partner while in the other block the receiver was a 
stranger (an opposite-gender confederate; Fig. 1b). Each block consisted of 18 consecutive trials. In 8 trials the 
participant was asked to deliver the affective touch to the receiver while looking at him/her in the eyes for the 
whole duration of the trial (Eye Contact condition); in another 8 trials, the participant was asked to deliver the 
affective touch to the receiver while looking at a fixation cross on the screen for the whole duration of the trial 
(Non-eye Contact condition; Fig. 1c). The remaining two trials were catch-trials in which participants were asked 
to touch their own forearm, with the aim of preventing habituation to hetero-directed touch.

At the beginning of each trial the giver received on the screen the instructions for the upcoming touch (e.g., 
“Touch with Eye Contact”) together with a 5 s count-down. Then, a 36 s fixation cross appeared on the screen and 
during this time the giver was invited to promote affective touch. Next, a Visual Analog Scale (VAS) was presented 
on the screen for 14 s, and the subject had to rate the pleasantness of the touch he/she had promoted on a scale 
ranging from −10 (Unpleasant) to +10 (Pleasant) by means of the computer mouse. Lastly, at the end of each 
trial a 5 s black screen was shown on the computer monitor, representing the inter-trial interval (ITI) (Fig. 1d).

Procedure.  After being introduced to the study, each participant read and signed the consent form. Before the 
experimental session started, the area of touch (approximately 24 cm) was marked on both partners’ and con-
federates’ forearms. The touch was performed with the dominant hand (with index, middle and ring fingers) and 
executed in form of stroking movements with a speed of approximately 4 cm/s, which is the speed known to pro-
mote affective touch37. Participants were exposed to a training session to perform a light bidirectional touch over 
the forearm of a same-sex experimenter (from the end of the forearm to the wrist and in the opposite direction) 
with the help of a metronome, ringing every 6 s to indicate when to reverse the direction of touch. The training 
session consisted of four example trials and ensured that participants could familiarize with stroking at CT-opti-
mal speed. Importantly, the metronome was also present along the whole duration of each experimental session, 
ensuring that participants delivered their strokes at approximately 4 cm/s in all trials. Following the training, 
each subject completed two experimental blocks: one with his/her partner and one with a stranger (confeder-
ate). At the end of each block participants were asked to fill in the STAI-Y1 questionnaire (see “Questionnaires” 
section for details) to assess changes in anxiety levels after promoting a touch to the partner (Post Partner) and 
after promoting a touch to a stranger (Post Stranger), compared to the beginning of the experimental session 
(Fig. 1e). The experiment had a total duration of about 40 min for each participant. Within each block, the order 
of trials presentation was pseudo-randomized, and the order of experimental blocks presentation (i.e., one with 
the partner and one with a stranger) was counterbalanced across participants.

Questionnaires.  Before the experimental session started, participants were required to fill out four self-report 
questionnaires: the Social Touch Questionnaire (STQ), a 20 items questionnaire that explores the personal atti-
tude toward social situations involving touch in everyday life69; the Social Interaction Anxiety Scale (SIAS), a 
19 items questionnaire that measures distress when meeting and talking with others 70; the Dyadic Adjustment 
Scale (DAS), a 32 items questionnaire that measures an individual’s perceptions of their relationship with an 
intimate partner71; and the State-Trait Inventory (STAI-Y1) a 40 items questionnaire assessing anxiety state 72. 
The STAI-Y1 was filled two additional times during the whole experiment: after the block with the partner and 
after the block with the stranger (see below for details) to assess change in anxiety levels when participants pro-
moted affective touch to a stranger compared to their partner. However, we also took advantage of other three 
self-report (STQ—SIAS—DAS) to make sure that any differences observed at the hedonic and physiological level 
among participants were not driven by a different attitude or a general different subjective profile.

Data processing and data analyses.  Hedonic subjective measures.  Pleasantness ratings from the giver (VAS) 
were analyzed with a 3-way mixed-factors ANOVA with Other (Partner vs Stranger) and Gaze (Eye contact vs 
Non-eye Contact) as within-subject factors and Gender (Males vs Females) as between-subject factor. Signifi-
cant interactions were followed up by Bonferroni-corrected t-tests for either dependent (Other and Gaze factors) 
or independent (Gender factor) samples and values of p < 0.05 were considered significant.

Autonomic measures—skin conductance.  The EDA data were filtered online using a 0.05 Hz high pass filter, 
then processed and analyzed offline using Matlab (release 2021a, The MathWorks, Inc.). Raw data were linearly 
detrended and numerically zeroed by subtracting the minimum EDA value within each recording window73. 
Next, we extracted the mean of the signal as an indicator of phasic skin conductance activity occurring during the 
epoch74,75. Lastly, the extracted mean values were normalized within each subject by means of an ipsatization76 
to control for interindividual variability: for each trial, the analyzed physiological measure was z-scored by sub-
tracting the mean of all trials in all conditions for a given subject and divided by the standard deviation of all 
trials and conditions for that subject. Within-subject z-transformations have the advantage of minimizing the 
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impact of outlier values, because means are centered at zero and the within-subject variability is put on a com-
mon metric76,77. We analyzed the EDA activity for each trial (0–36 s) with a 3-way mixed-factors ANOVA with 
Other (Partner vs Stranger) and Gaze (Eye contact vs Non-eye Contact) as within-subject factors and Gender 
(Males vs Females) as between-subject factor. Significant interactions were followed up by Bonferroni-corrected 
t-tests for either dependent (Other and Gaze factors) or independent (Gender factor) samples and values of 
p < 0.05 were considered significant.

Autonomic measures—heart rate.  ECG heart rate (Beats Per Minute, BPM) data were averaged separately 
for each block (i.e., partner and stranger) and the recording time was 18 min for each block. For this interval 
and for each participant, the mean heart rate was calculated. For BPM, 4 out of 50 participants (i.e., 2 couples) 
were excluded from analyses due to bad sensor data. Data were normalized within each subject by means of an 
ipsatization76, as reported above for EDA measures. BPM changes were analyzed with a 2-way mixed-factors 
ANOVA with Other (Partner vs Stranger) as within-subject factor and Gender (Males vs Females) as between-
subject factor. Significant interactions were followed up by Bonferroni-corrected t-tests for either dependent 
(Other factor) or independent (Gender factor) samples of p < 0.05 were considered significant.

Subjective measures.  In order to assess the overall changes in state anxiety levels after promoting affective touch 
to the partner or to a stranger, we computed the difference (delta, Δ) between the respective post-block STAY-
Y1 and the baseline STAY-Y1. This delta was computed as STAI-Y1(Post Stranger)−STAI-Y1(Baseline) for the stranger 
and as STAI-Y1(Post Partner)−STAI-Y1(Baseline) for the partner. Thus, positive values indicate an increase and negative 
ones indicate a decrease in anxiety state compared to the baseline. To investigate any difference in state anxi-
ety changes, we ran a 2-way mixed-factors ANOVA with Other (ΔPartner vs ΔStranger) as within-subject factor and 
Gender (Males vs Females) as between-subject factor. Also, to explore any increase or decrease in the anxiety 
level after each experimental block, we compared each of the four conditions against zero. One female subject 
was excluded from analyses due to missing data.

Experiment 2.  Participants.  Twenty participants were recruited for this experiment accompanied by his/
her partner. Data of two participants were missing due to technical failures in data recording, and our final sam-
ple size was N = 18, including 10 females (M = 23,10 years, SD = 3.66) and 8 males (M = 23,12 years, SD = 3.52). A 
priori power analysis conducted in G*Power67 indicated that, for a 2 × 2 × 2 mixed-factors ANOVA with 2 groups 
and 4 repeated measurements, the minimal required sample size for reaching the power of 0.80 with an effect 
size ηp

2 = 0.135 and alpha level = 0.05 was determined to be 12. As in Experiment 1, four confederates (2 females 
and 2 males) played the role of a stranger. The only inclusion criteria were being a male or a female between 20 
and 30 years of age and being involved in a heterosexual relationship for at least six months. All participants 
were recruited from a participants’ database or through flyers posted on the University website and gave their 
written informed consent to participate in the study. All experimental procedures were approved by the Bioethi-
cal Committee of the University of Turin and conducted in accordance with the ethical standards of the 2013 
Declaration of Helsinki. At the end of the experiment, all participants were informed about the aims and scopes 
of the experiment and did not receive any compensation for participation in this research study.

Experimental design, setting, and task.  The experimental setting was similar to the one described in Experi-
ment 1. Before the beginning of the experimental session, we positioned electrodes for recording EDA from the 
giver in the same locations and with the same parameters used in Experiment 1. The experimental session was 
divided in two blocks. In one block, the receiver was the subject’s partner, whereas in the other block the receiver 
was a stranger (an opposite-gender confederate) (Fig. 1b). Each block consisted of 20 consecutive trials. Because 
we were interested in investigating the differences at both the hedonic and physiological level between eye con-
tact and affective touch, in 9 trials participants were asked to interact with the receiver by promoting affective 
touch while looking at him/her in the eyes for the whole duration of the trial (Touch + Eyes condition) (Fig. 4a), 
while in other 9 trials participants were asked to interact with the receiver by merely engaging with eye contact 
for the whole duration of the trial (Eyes-Only condition) (Fig. 4b). The remaining two trials were catch-trials in 
which the participants were asked to look at a fixation cross on the screen (on one trial) or to stroke their forearm 
while looking at a fixation cross on the screen (on the second one).

At the beginning of each trial the giver received on the screen the instructions for the upcoming trial. Instruc-
tions could either last 5, 10 or 15 s, and no visual countdown was presented on the screen (Fig. 4c). Thus, in 
each trial participants could not predict when the experimental condition would have started. Participants were 
instructed to start the trial as soon as instructions disappeared from the screen. Then, similarly to Experiment 
1, a 36 s fixation cross appeared on the screen: during this time, the giver was invited to either promote affective 
touch while looking at the receiver in the eyes (Touch + Eyes condition) or to just engage in a mutual eye contact 
with the receiver, without promoting any affective touch (Eye Contact-only condition). Next, a Visual Analog 
Scale (VAS) was presented on the screen for 14 s, and the subject was asked to rate the pleasantness of the affec‑
tive touch or eye contact he/she had promoted on a scale ranging from −10 (Unpleasant) to +10 (Pleasant) by 
means of the computer mouse. Lastly, a 5 s black screen representing the inter-trial interval (ITI) was shown at 
the end of each trial (Fig. 4b).

Procedure.  After being introduced to the study, each participant read and signed the consent form. Then we 
asked participants to fill in the STAI-Y1 questionnaire for assessing their anxiety state. The STAI-Y1 was filled 
two additional times during the whole experiment: after the block with the partner and after the block with the 
stranger (see below for details). Before the experimental session started, the area of touch (approximately 24 cm) 
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was marked on both partners’ and confederates’ forearms. The touch was performed with the dominant hand 
(with index, middle, and ring fingers) and executed in form of stroking movements with a speed of approxi-
mately 4 cm/s. Participants were familiarized to perform a light touch, lasting 36 s, over the forearm of a same-
gender experimenter bidirectionally with the help of a metronome, ringing every 6 s and indicating to reverse 
directionality of touch (from the end of the forearm to the wrist and in the opposite direction). Crucially the 
metronome was also present along the whole duration of each experimental session, ensuring that participants 
delivered their strokes at approximately 4 cm/s (CT-optimal speed range37]) in all trials. They were also famil-
iarized to perform an eye contact with the experimenter that lasted for 36 s with the help of a metronome (the 
same used for affective touch condition). At the end of each block participants were asked to fill in the STAI-Y1 
to assess change in anxiety levels, compared to the beginning of the experimental session, after interacting with 
the partner (Post Partner) and with a stranger (Post Stranger).

The experiment had a total duration of about 40 min for each participant. Within each block, the order of 
trials presentation was pseudo-randomized, and the order of experimental blocks presentation (i.e., one with 
the partner and one with a stranger) was counterbalanced across participants.

Data processing and data analyses.  Hedonic subjective measures.  Pleasantness ratings from the giver (VAS) 
were analyzed with a 3-way mixed-factors ANOVA with Other (Partner vs Stranger) and Touch (Touch + Eyes 
vs Eyes Only) as within-subject factors and Gender (Males vs Females) as between-subject factor. Significant 
interactions were followed up by Bonferroni-corrected pairwise t-tests for independent samples and values of 
p < 0.05 were considered significant.

Autonomic measures—skin conductance.  As in Experiment 1, we extracted the mean EDA value of the signal 
from 0 to 36 s and ipsatized those. Data were then analyzed with a 3-way mixed-factors ANOVA with Other 
(Partner vs Stranger) and Touch (Touch + Eyes vs Eyes Only) as within-subject factors and Gender (Males vs 
Females) as between-subject factor. Significant interactions were followed up by Bonferroni-corrected t-tests for 
either dependent (Other and Touch factors) or independent (Gender factor) samples and values of p < 0.05 were 
considered significant.

To investigate the presence of any anticipatory effects in trials where affective touch was promoted 
(Touch + Eyes condition), we measured the onset latency of the first peak during affective touch. For each trial 
we extracted the latency of the first peak occurring during the experimental condition (i.e., after the instructions 
had disappeared from the screen), and then measured when the first preceding trough occurred, i.e., where the 
same peak had started. Thus, if the peak had started raising before the beginning of the affective touch, the peak 
itself would have represented an anticipation-driven phasic response leaking into the trial period, making it a 
spurious response. On the contrary, if the peak had started raising after the beginning of the affective touch, it 
would have represented a pure trial-driven phasic EDA response. Our hypothesis was that the peak would have 
begun rising only after the beginning of the trial, independently of the duration of the instructions. To test this 
hypothesis, we ran three separate one-tail 1-sample t-tests, one for each level of instructions duration as we 
aimed at excluding any anticipatory effect of touch and eye contact in Experiment 1. Peak onset times in 5, 10, 
and 15 s instructions condition were contrasted against zero (the end of the instructions period). Peak detection 
threshold was set to 0.01 µS.

Also, to investigate whether EDA activity during affective touch was not only independent from, but also 
larger than the activity during the task instructions, we extracted the maximum value of the EDA signal dur-
ing the instructions and during affective touch period (Touch + Eyes condition). For trials with 5 s baseline, we 
extracted the whole 5 s baseline signal and the first 5 s of the signal during affective touch; the same approach was 
adopted for trials with 10 s and 15 s instructions. Then, the difference MaxAffectiveTouch−MaxInstructions was calculated 
in each time conditions (i.e., 5, 10 and 15 s instructions duration). Deltas were then contrasted against zero for 
both trials with Partner and Stranger, independently from baseline duration—i.e., aggregating trials with 5, 10, 
and 15 s instructions duration. Our hypothesis was to observe positive deltas significantly different from zero, 
indicating a larger EDA signal during affective touch than during instructions.

Subjective measures.  In order to assess the overall changes in state anxiety levels after promoting affective 
touch to the partner or to a stranger, as we have done for Experiment 1, we computed the difference between 
the respective post-block STAY-Y1 and the baseline STAY-Y1. Thus, positive scores indicate an increase in state 
anxiety, negative scores indicate a decrease. We followed the same approach and analysis adopted in Experiment 
1. Briefly, we first ran 2-way mixed-factors ANOVA with Other (Partner vs Stranger) as within-subject factor 
and Gender (Males vs Females) as between-subject factor. Next, we compared conditions against zero to inves-
tigate a significant increase or decrease compared to baseline.

Data availability
Behavioral and physiological data presented in this paper will be available upon request to the corresponding 
author (olga.dalmonte@unito.it).

Received: 2 March 2023; Accepted: 22 June 2023

References
	 1.	 Barnett, K. A survey of the current utilization of touch by health team personnel with hospitalized patients. Int. J. Nurs. Stud. 9, 

195–209 (1972).



13

Vol.:(0123456789)

Scientific Reports |        (2023) 13:11201  | https://doi.org/10.1038/s41598-023-37471-9

www.nature.com/scientificreports/

	 2.	 Field, T. Touch (MIT Press, 2001).
	 3.	 Morrison, I., Löken, L. S. & Olausson, H. The skin as a social organ. Exp. Brain Res. 204, 305–314 (2010).
	 4.	 Hertenstein, M. J., Keltner, D., App, B., Bulleit, B. A. & Jaskolka, A. R. Touch communicates distinct emotions. Emotion 6, 528–533 

(2006).
	 5.	 McGlone, F., Vallbo, A. B., Olausson, H., Loken, L. & Wessberg, J. Discriminative touch and emotional touch. Can. J. Exp. Psychol. 

61, 173–183 (2007).
	 6.	 McGlone, F. et al. Touching and feeling: Differences in pleasant touch processing between glabrous and hairy skin in humans. Eur. 

J. Neurosci. 35, 1782–1788 (2012).
	 7.	 Ackerley, R. et al. Human C-tactile afferents are tuned to the temperature of a skin-stroking caress. J. Neurosci. 34, 2879–2883 

(2014).
	 8.	 McGlone, F., Wessberg, J. & Olausson, H. Discriminative and affective touch: Sensing and feeling. Neuron 82, 737–755 (2014).
	 9.	 Gallace, A. & Spence, C. The science of interpersonal touch: An overview. Neurosci. Biobehav. Rev. 34, 246–259 (2010).
	10.	 Remland, M. S., Jones, T. S. & Brinkman, H. Interpersonal distance, body orientation, and touch: Effects of culture, gender, and 

age. J. Soc. Psychol. 135, 281–297 (1995).
	11.	 Lee, J. W. & Guerrero, L. K. Types of touch in cross-sex relationships between coworkers: Perceptions of relational and emotional 

messages, inappropriateness, and sexual harassment. J. Appl. Commun. Res. 29, 197–220 (2001).
	12.	 Ellingsen, D.-M., Leknes, S., Løseth, G., Wessberg, J. & Olausson, H. The neurobiology shaping affective touch: Expectation, 

motivation, and meaning in the multisensory context. Front. Psychol. 6, 25 (2016).
	13.	 Macaluso, E. & Driver, J. Spatial attention and crossmodal interactions between vision and touch. Neuropsychologia 39, 1304–1316 

(2001).
	14.	 Coan, J. A., Schaefer, H. S. & Davidson, R. J. Lending a hand: Social regulation of the neural response to threat. Psychol. Sci. 17, 

1032–1039 (2006).
	15.	 Triscoli, C., Croy, I., Olausson, H. & Sailer, U. Touch between romantic partners: Being stroked is more pleasant than stroking and 

decelerates heart rate. Physiol. Behav. 177, 169–175 (2017).
	16.	 Robinson, K. J., Hoplock, L. B. & Cameron, J. J. When in doubt, reach out: Touch is a covert but effective mode of soliciting and 

providing social support. Soc. Psychol. Person. Sci. 6, 831–839 (2015).
	17.	 Mazza, A. et al. Pain perception and physiological responses are modulated by active support from a romantic partner. Psycho‑

physiol. 2023, e14299 (2023).
	18.	 Chatel-Goldman, J., Congedo, M., Jutten, C. & Schwartz, J.-L. Touch increases autonomic coupling between romantic partners. 

Front. Behav. Neurosci. 8, 5896 (2014).
	19.	 Goldstein, P., Weissman-Fogel, I. & Shamay-Tsoory, S. G. The role of touch in regulating inter-partner physiological coupling 

during empathy for pain. Sci. Rep. 7, 3252 (2017).
	20.	 Sussman, N. M. & Rosenfeld, H. M. Touch, justification, and sex: Influences on the aversiveness of spatial violations. J. Soc. Psychol. 

106, 215–225 (1978).
	21.	 Russo, V., Ottaviani, C. & Spitoni, G. F. Affective touch: A meta-analysis on sex differences. Neurosci. Biobehav. Rev. 108, 445–452 

(2020).
	22.	 Heslin, R., Nguyen, T. D. & Nguyen, M. L. Meaning of touch: The case of touch from a stranger or same sex person. J. Nonverb. 

Behav. 7, 147–157 (1983).
	23.	 Stier, D. S. & Hall, J. A. Gender differences in touch: An empirical and theoretical review. J. Pers. Soc. Psychol. 47, 440–459 (1984).
	24.	 Harjunen, V. J., Spapé, M., Ahmed, I., Jacucci, G. & Ravaja, N. Individual differences in affective touch: Behavioral inhibition and 

gender define how an interpersonal touch is perceived. Person. Individ. Differ. 107, 88–95 (2017).
	25.	 Sailer, U. & Leknes, S. Meaning makes touch affective. Curr. Opin. Behav. Sci. 44, 101099 (2022).
	26.	 Jarick, M. & Bencic, R. Eye contact is a two-way street: Arousal is elicited by the sending and receiving of eye gaze information. 

Front. Psychol. 10, 896 (2019).
	27.	 Dal Monte, O. et al. Widespread implementations of interactive social gaze neurons in the primate prefrontal-amygdala networks. 

Neuron 110, 2183-2197.e7 (2022).
	28.	 Hietanen, J. K. Affective eye contact: An integrative review. Front. Psychol. 9, 875 (2018).
	29.	 Emery, N. J. The eyes have it: The neuroethology, function and evolution of social gaze. Neurosci. Biobehav. Rev. 24, 581–604 (2000).
	30.	 Dal Monte, O., Piva, M., Morris, J. A. & Chang, S. W. C. Live interaction distinctively shapes social gaze dynamics in rhesus 

macaques. J. Neurophysiol. 116, 1626–1643 (2016).
	31.	 Wirth, J. H., Sacco, D. F., Hugenberg, K. & Williams, K. D. Eye gaze as relational evaluation: Averted eye gaze leads to feelings of 

ostracism and relational devaluation. Pers. Soc. Psychol. Bull. 36, 869–882 (2010).
	32.	 Kerr, F., Wiechula, R., Feo, R., Schultz, T. & Kitson, A. Neurophysiology of human touch and eye gaze in therapeutic relationships 

and healing: A scoping review. JBI Database Syst. Rev. Implement. Rep. 17, 209–247 (2019).
	33.	 Meier, I. M., Honk, J. van, Bos, P. & Terburg, D. Social touch increases dominant gaze in social confrontations. PsyArXiv. https://​

doi.​org/​10.​31234/​osf.​io/​ubyv3 (2020).
	34.	 Guest, S. et al. Sensory and affective judgments of skin during inter- and intrapersonal touch. Acta Physiol. (Oxf.) 130, 115–126 

(2009).
	35.	 Pyasik, M. et al. Self-other distinction modulates the social softness illusion. Psychol. Res. 86, 1165–1173 (2022).
	36.	 Gentsch, A., Panagiotopoulou, E. & Fotopoulou, A. Active interpersonal touch gives rise to the social softness illusion. Curr. Biol. 

25, 2392–2397 (2015).
	37.	 Löken, L. S., Wessberg, J., Morrison, I., McGlone, F. & Olausson, H. Coding of pleasant touch by unmyelinated afferents in humans. 

Nat. Neurosci. 12, 547–548 (2009).
	38.	 Christopoulos, G. I., Uy, M. A. & Yap, W. J. The body and the brain: Measuring skin conductance responses to understand the 

emotional experience. Organ. Res. Methods 22, 394–420 (2019).
	39.	 Wascher, C. A. F. Heart rate as a measure of emotional arousal in evolutionary biology. Philos. Trans. R. Soc. B: Biol. Sci. 376, 

20200479 (2021).
	40.	 Saarinen, A., Harjunen, V., Jasinskaja-Lahti, I., Jääskeläinen, I. P. & Ravaja, N. Social touch experience in different contexts: A 

review. Neurosci. Biobehav. Rev. 131, 360–372 (2021).
	41.	 Sorokowska, A. et al. Affective interpersonal touch in close relationships: A cross-cultural perspective. Pers. Soc. Psychol. Bull. 47, 

1705–1721 (2021).
	42.	 Martin, B. A. S. A Stranger’s touch: Effects of accidental interpersonal touch on consumer evaluations and shopping time. J. Consum. 

Res 39, 174–184 (2012).
	43.	 Helminen, T. M., Kaasinen, S. M. & Hietanen, J. K. Eye contact and arousal: The effects of stimulus duration. Biol. Psychol. 88, 

124–130 (2011).
	44.	 Sun, W., Chen, T. & Hietanen, J. K. Skin conductance, facial EMG, and heart rate responses in multi-person gaze interactions. Biol. 

Psychol. 176, 108465 (2023).
	45.	 Critchley, H. D., Mathias, C. J. & Dolan, R. J. Neural activity in the human brain relating to uncertainty and arousal during antici-

pation. Neuron 29, 537–545 (2001).
	46.	 Cascio, C. J. Somatosensory processing in neurodevelopmental disorders. J. Neurodevelop. Disord. 2, 62–69 (2010).

https://doi.org/10.31234/osf.io/ubyv3
https://doi.org/10.31234/osf.io/ubyv3


14

Vol:.(1234567890)

Scientific Reports |        (2023) 13:11201  | https://doi.org/10.1038/s41598-023-37471-9

www.nature.com/scientificreports/

	47.	 Underdown, A., Barlow, J. & Stewart-Brown, S. Tactile stimulation in physically healthy infants: Results of a systematic review. J. 
Reprod. Infant Psychol. 28, 11–29 (2010).

	48.	 Suvilehto, J. T., Glerean, E., Dunbar, R. I. M., Hari, R. & Nummenmaa, L. Topography of social touching depends on emotional 
bonds between humans. Proc. Natl. Acad. Sci. 112, 13811–13816 (2015).

	49.	 Debrot, A., Schoebi, D., Perrez, M. & Horn, A. B. Touch as an interpersonal emotion regulation process in couples’ daily lives: The 
mediating role of psychological intimacy. Pers. Soc. Psychol. Bull. 39, 1373–1385 (2013).

	50.	 Pawling, R., Cannon, P. R., McGlone, F. P. & Walker, S. C. C-tactile afferent stimulating touch carries a positive affective value. 
PLoS ONE 12, e0173457 (2017).

	51.	 von Mohr, M., Kirsch, L. P. & Fotopoulou, A. The soothing function of touch: Affective touch reduces feelings of social exclusion. 
Sci. Rep. 7, 13516 (2017).

	52.	 Marshall, A. G., Sharma, M. L., Marley, K., Olausson, H. & McGlone, F. P. Spinal signalling of C-fiber mediated pleasant touch in 
humans. Elife 8, e51642 (2019).

	53.	 Gordon, I. et al. Brain mechanisms for processing affective touch. Hum. Brain Mapp. 34, 914–922 (2013).
	54.	 de Morree, H. M., Rutten, G.-J., Szabó, B. M., Sitskoorn, M. M. & Kop, W. J. Effects of insula resection on autonomic nervous 

system activity. J. Neurosurg. Anesthesiol. 28, 153–158 (2016).
	55.	 Sailer, U. et al. Temporal dynamics of brain activation during 40 minutes of pleasant touch. Neuroimage 139, 360–367 (2016).
	56.	 Essick, G. K. et al. Quantitative assessment of pleasant touch. Neurosci. Biobehav. Rev. 34, 192–203 (2010).
	57.	 Croy, I. et al. Interpersonal stroking touch is targeted to C tactile afferent activation. Behav. Brain Res. 297, 37–40 (2016).
	58.	 Skuse, D. Fear recognition and the neural basis of social cognition. Child Adolesc. Mental Health 8, 50–60 (2003).
	59.	 Fotopoulou, A., Von Mohr, M. & Krahé, C. Affective regulation through touch: Homeostatic and allostatic mechanisms. Curr. 

Opin. Behav. Sci. 43, 80–87 (2022).
	60.	 Guerrero, L. K. & Andersen, P. A. Patterns of matching and initiation: Touch behavior and touch avoidance across romantic 

relationship stages. J. Nonverb. Behav. 18, 137–153 (1994).
	61.	 Shepherd, S. Following gaze: Gaze-following behavior as a window into social cognition. Front. Integr. Neurosci. 4, 8975 (2010).
	62.	 Myllyneva, A. & Hietanen, J. K. There is more to eye contact than meets the eye. Cognition 134, 100–109 (2015).
	63.	 Pönkänen, L. M., Alhoniemi, A., Leppänen, J. M. & Hietanen, J. K. Does it make a difference if I have an eye contact with you or 

with your picture? An ERP study. Soc. Cogn. Affect. Neurosci. 6, 486–494 (2011).
	64.	 Case, L. K. et al. Pleasant deep pressure: Expanding the social touch hypothesis. Neuroscience 464, 3–11 (2021).
	65.	 Brooks, C. I., Church, M. A. & Fraser, L. Effects of duration of eye contact on judgments of personality characteristics. J. Soc. 

Psychol. 126, 71–78 (1986).
	66.	 Hauser, S. C., McIntyre, S., Israr, A., Olausson, H. & Gerling, G. J. Uncovering human-to-human physical interactions that underlie 

emotional and affective touch communication. In 2019 IEEE World Haptics Conference (WHC) 407–412 (2019). https://​doi.​org/​
10.​1109/​WHC.​2019.​88161​69.

	67.	 Faul, F., Erdfelder, E., Lang, A.-G. & Buchner, A. G*Power 3: A flexible statistical power analysis program for the social, behavioral, 
and biomedical sciences. Behav. Res. Methods 39, 175–191 (2007).

	68.	 Kim, H.-G., Cheon, E.-J., Bai, D.-S., Lee, Y. H. & Koo, B.-H. Stress and heart rate variability: A meta-analysis and review of the 
literature. Psychiatry Investig. 15, 235–245 (2018).

	69.	 Wilhelm, F. H., Kochar, A. S., Roth, W. T. & Gross, J. J. Social anxiety and response to touch: Incongruence between self-evaluative 
and physiological reactions. Biol. Psychol. 58, 181–202 (2001).

	70.	 Sica, C. et al. Social Phobia Scale (SPS) e Social Interaction Anxiety Scale (SIAS): Traduzione ed adattamento italiano. (Social 
Phobia Scale (SPS) and Social Interaction Anxiety Scale (SIAS): Theit psycometric properties on italian population). Bollettino 
Psicol. Appl. 2007, 59–71 (2007).

	71.	 Spanier, G. B. Measuring dyadic adjustment: New scales for assessing the quality of marriage and similar dyads. J. Marriage Fam. 
38, 15–28 (1976).

	72.	 Spielberger, C. D., Gorsuch, R. L., & Lushene. R. E. Manual for the State-Trait Anxiety Inventory (Consulting Psychologists Press, 
Palo Alto, CA, 1970).

	73.	 Gazzola, V. et al. Primary somatosensory cortex discriminates affective significance in social touch. Proc. Natl. Acad. Sci. 109, 
E1657–E1666 (2012).

	74.	 Braithwaite, J. J., & Watson, D. G. Issues surrounding the normalization and standardisation of skin conductance responses (SCRs). 
Technical Research Note. Selective Attention & Awareness Laboratory (SAAL), Behavioural Brain Sciences Centre, School of 
Psychology, University of Birmingham. (2015).

	75.	 Posada-Quintero, H. F. & Chon, K. H. Innovations in electrodermal activity data collection and signal processing: A systematic 
review. Sensors 20, 479 (2020).

	76.	 Romano, D., Pfeiffer, C., Maravita, A. & Blanke, O. Illusory self-identification with an avatar reduces arousal responses to painful 
stimuli. Behav. Brain Res. 261, 275–281 (2014).

	77.	 Rhudy, J. L., Williams, A. E., McCabe, K. M., Russell, J. L. & Maynard, L. J. Emotional control of nociceptive reactions (ECON): 
Do affective valence and arousal play a role?. Pain 136, 250–261 (2008).

Acknowledgements
The study was approved by the local ethics committee, and participants gave written informed consent. We 
thank Alessandro Demaestri for assistance with data collection. We also thank Giulia Romano Cappi and Ilaria 
Mirlisenna for insightful comments on the manuscript. M.D. was supported by the ERC Consolidator Grant 
LIGHTUP (project #772953). This work was supported by MIUR (DALO_RILO_19_01) grant to ODM.

Author contributions
A.M., M.C., L.P., and O.D.M. designed the study, M.C., F.C., performed the experiments, A.M., M.D., analyzed 
the data, and A.M., M.C., F.C., S.S., L.P., and O.D.M. wrote the paper. All authors reviewed the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​023-​37471-9.

Correspondence and requests for materials should be addressed to O.D.M.

Reprints and permissions information is available at www.nature.com/reprints.

https://doi.org/10.1109/WHC.2019.8816169
https://doi.org/10.1109/WHC.2019.8816169
https://doi.org/10.1038/s41598-023-37471-9
https://doi.org/10.1038/s41598-023-37471-9
www.nature.com/reprints


15

Vol.:(0123456789)

Scientific Reports |        (2023) 13:11201  | https://doi.org/10.1038/s41598-023-37471-9

www.nature.com/scientificreports/

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

http://creativecommons.org/licenses/by/4.0/

	Hedonic and autonomic responses in promoting affective touch
	Results
	Experiment 1. 
	Hedonic responses. 
	Autonomic (skin conductance) responses. 
	Autonomic (heart rate) responses and subjective measures (self-report). 

	Experiment 2. 
	Hedonic responses. 
	Autonomic (skin conductance) responses and subjective measures (self-report). 


	Discussion
	Subjective responses. 
	Physiological responses. 

	Methods
	Experiment 1. 
	Participants. 
	Experimental design, setting and task. 
	Procedure. 
	Questionnaires. 
	Data processing and data analyses. 
	Hedonic subjective measures. 
	Autonomic measures—skin conductance. 
	Autonomic measures—heart rate. 
	Subjective measures. 


	Experiment 2. 
	Participants. 
	Experimental design, setting, and task. 
	Procedure. 
	Data processing and data analyses. 
	Hedonic subjective measures. 
	Autonomic measures—skin conductance. 
	Subjective measures. 



	References
	Acknowledgements


