Experimental Brain Research (2018) 236:3391-3403
https://doi.org/10.1007/s00221-018-5386-0

RESEARCH ARTICLE

@ CrossMark

Emotional visual stimuli affect the evaluation of tactile stimuli
presented on the arms but not the related electrodermal responses

Roberta Etzi' @ - Massimiliano Zampini®3 - Georgiana Juravle* - Alberto Gallace’

Received: 30 April 2018 / Accepted: 26 September 2018 / Published online: 29 September 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract

Considering the wealth of recent studies on affective touch, to date, little research addressed the role of the other sensory
modalities in the modulation of hedonic tactile perception. Here, we investigated the behavioral and electrodermal signa-
ture of the interaction between simultaneously presented visual and tactile stimuli. In three experiments, participants were
presented with emotional pictures (international affective picture system; IAPS), while their forearm was gently stroked by
means of different tactile textures (i.e., sandpaper, satin, tinfoil, abrasive sponge, and skin-to-skin contact). In Experiment
1, the participants evaluated the pleasantness of the tactile stimulation received, while in Experiment 2 they evaluated the
pictures emotional valence. In Experiment 3 the participants rated the pleasantness, the smoothness and the softness of the
textures; skin conductance responses (SCRs) were also measured. In sum, the results revealed that while the visual valence
ratings were not modulated by the tactile stimulation, the hedonic and sensory tactile ratings were modulated by the visual
presentation of both positively and negatively valenced pictures, as well as by neutral pictures. The modulatory effects
occurring during visuo-tactile interactions might thus be not necessarily reciprocal. Moreover, the SCRs were not differently
affected by the visuo-tactile or tactile conditions of stimulus presentation, suggesting a dissociation between behavioral and
electrodermal effects in multisensory interactions.
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Introduction

The great emotional power of touch has only recently started
to be widely acknowledged by the scientific community
(Dunbar 2010; Gallace and Spence 2010, 2014, 2016;
Hertenstein et al. 2006a; McGlone et al. 2014; Olausson
et al. 2016). Nevertheless, widespread evidence has system-
atically shown that touch does convey information and emo-
tions in social contexts (e.g., Hertenstein et al. 2006b, 2009;
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Kirsch et al. 2018; Morrison et al. 2010). Affective touch
has indeed a fundamental role in humans’ social life. Just to
mention a few examples, it is crucial for the healthy cogni-
tive development of infants (Feldman and Eidelman 2003;
Field 2010, 2014; Harlow 1958; Harlow and Zimmermann
1959), promotes the maintenance of the psychophysical
well-being (Bjornsdotter et al. 2010; Field 2010; Hertenstein
et al. 2006a), reduces stress levels (Ditzen et al. 2007; Feld-
man et al. 2010; Grewen et al. 2003), and facilitates social
bonding (Dunbar 2010; Feldman 2012; Nummenmaa et al.
2016; von Mohr et al. 2017).

Converging evidence suggests that pleasant tactile sen-
sations originating from being touched on the hairy skin
are mediated by Ap afferents, a particular class of thin and
unmyelinated fibers (e.g., Loken et al. 2009; Olausson et al.
2016) and C-Tactile afferents (CTs). These afferents vigor-
ously respond to the light (force range: 0.3-2.5 mN; Vallbo
et al. 1999) and slow (velocity range: 1-10 cm/s; Loken et al.
2009; Vallbo et al. 1999) skin stimulation at neutral tempera-
tures (Ackerley et al. 2014). CTs are hypothesized to project
to the posterior insula (PI; Bjornsdotter et al. 2009, 2010;
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Morrison et al. 2011; Olausson et al. 2002, 2008). Further-
more, the CT-optimal stimulation activates an extended net-
work of areas, including the just mentioned posterior insula
(Bjornsdotter et al. 2009; Gazzola et al. 2012; Gordon et al.
2013; McGlone et al. 2012; Morrison et al. 2011; Olausson
et al. 2002, 2008; Morrison 2016; Perini et al. 2015), the
orbitofrontal cortex (OFC; Francis et al. 1999; Gazzola et al.
2012; McCabe et al. 2008; McGlone et al. 2012), and the
anterior cingulate cortex (ACC; Gazzola et al. 2012; Lind-
gren et al. 2012; Sliz et al. 2012). It is remarkable that all
these areas are specifically involved in the hedonic and emo-
tional processing of the stimuli (Berridge and Kringelbach
2015; Craig 2003; Etkin et al. 2011; Kringelbach 2010).
Taken together, strong physiological and neural evidence
has been brought forward to support the mediator role of
tactile pleasantness attributed to CTs (i.e., affective touch
hypothesis; McGlone et al. 2014; Olausson et al. 2016).

Differently from the laboratory settings, in daily life we
rarely experience hedonic touch in isolation, as it is strongly
influenced by the context of presentation. Top-down factors
such as motivational state, sexual preferences, culture, and
previous experience were shown to affect tactile pleasant-
ness judgments (see Ellingsen et al. 2016, for a review; e.g.;
Gazzola et al. 2012; McCabe et al. 2008; Suvilehto et al.
2015; Triscoli et al. 2014). Even when not related to the
required response, time-paired information originating from
the other sensory modalities still modulates hedonic touch
perception. For example, CT-optimal stimulation was evalu-
ated as less pleasant when a disgusting odor, as compared to
a non-odor condition, was simultaneously presented (Croy
et al. 2014). Moreover, in the domain of visuo-tactile inter-
actions, CT-optimal touch was rated as less pleasant when
presented with faces expressing negative (i.e., frowning
faces) as compared to positive emotions (i.e., smiling faces;
Ellingsen et al. 2014). Despite the extensive evidence, it is
still not clear whether visual information interacts differently
with touch depending on the emotional valence of the visual
stimuli (i.e., positive, negative, neutral) and/or on the spe-
cific emotional and sensory attributes of tactile textures pre-
sented (e.g., smoothness, pleasantness). Furthermore, so far,
the effects of multisensory interactions including hedonic
touch were so far based on only self-reports, and not on the
responses of the autonomous nervous system (ANS).

Here the goal is to first investigate whether visual emo-
tional contexts modulate both the hedonic and sensory
perception of tactile textures, as well as the autonomic
responses generated by the presentation of the tactile stimuli.
Furthermore, we also tested whether hedonic touch recipro-
cally affects the participants’ ratings of visual stimuli. In
three experiments, a set of emotional pictures was simul-
taneously presented together with CT-optimal stimulation
delivered through a range of textures. The existence of any
reciprocal visuo-tactile modulatory effects on perception

@ Springer

and the role of emotional valence (i.e., positive, neutral,
negative) of the stimulus were assessed by ratings. In order
to assess the autonomic arousal effects of eventual valence
modulation, skin conductance responses (SCRs) were also
monitored.

Considering that vision frequently affects tactile per-
ception for both sensory and emotional evaluations (e.g.,
Bellan et al. 2012; Ellingsen et al. 2014; Etzi et al. 2018;
Gallace et al. 2006; Gazzola et al. 2012; Hartcher-O’Brien
et al. 2008, 2010; Hecht and Reiner 2009), vision is expected
to modulated tactile judgments. However, this modulatory
effect could be given by the pictures’ emotional valence and
thus be influenced by their difference in terms of salience.
Therefore, the presentation of positive and negative pictures,
but not the presentation of the neutral ones, is expected to
affect the tactile ratings. With regard to the evaluation of the
pictures, the occurrence of a tactile modulation over vision
would seem more uncertain. The frequent phenomenon of
visual dominance, together with the high salience of the
emotional pictures (Dominguez-Borras et al. 2016; Elling-
sen et al. 2014), should in fact argue against such an effect.
Last, overall higher SCRs are expected when textures are
presented with positive or negative pictures, because both
vision and touch induce physiological changes in the arousal
state when accompanied by emotional stimuli (Bradley et al.
2008; Lang et al. 1993; Nardelli et al. 2016; Pawling et al.
2017a, b; Ribeiro et al. 2007).

Experiment 1
Methods
Participants

Fourteen volunteers (9 females; mean age: 25 +2.3 years)
took part in this experiment. All the participants reported
to be right-handed, to have normal tactile sensitivity, and
normal or corrected-to-normal vision. The study received
the approval of the University of Milano-Bicocca ethi-
cal committee and was performed in accordance with the
ethical standards laid down in the Declaration of Helsinki
(World Medical Association 2013). All participants gave
their informed consent before taking part in the study and
received course credit as reward for their participation.

Stimuli

Sixty-four emotional pictures belonging to the International
Affective Picture System (IAPS; Lang et al. 2008) were used
as visual stimuli. The pictures were selected based on the
valence mean ratings of each picture, as this was provided
by the IAPS authors (Lang et al. 2008; valence range: 010,
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with 0 meaning negative and 10 positive). Half of the pic-
tures depicted negatively valenced contents (e.g., mutilated
bodies, violent attacks, war scenes; 0-3 range) and half
positively valenced contents (e.g., cheerful family moments,
babies, puppies; 7-10 range; see Table 1 for the reference
numbers of the pictures used). Although negatively valenced
pictures are rated as more arousing than positive (Lang et al.

Table 1 List of the pictures selected from IAPS and used in the Study

1999), the pictures were selected to be as similarly arousing
as possible (4-7.5 range on a 10-point arousal scale). The
tactile stimuli were selected on the basis of a previous study
by our research group, where the pleasantness and rough-
ness of different textures were assessed (Etzi et al. 2014).
Two smooth-rated (i.e., satin and tinfoil) and two rough-
rated (i.e., sandpaper and abrasive sponge) materials were

Experiment 1 Experiment 2

Experiment 3

Positive valence Negative valence Positive valence

Negative valence

Positive valence Neutral valence Negative valence

1440 2095 1440 2095
1460 2205 1460 2205
1463 2683 1463 2276
1710 2703 1710 2683
1750 2800 1750 2703
2040 3005.1 1999 2800
2070 3030 2040 3005.1
2080 3060 2070 3010
2154 3069 2080 3016
2170 3071 2154 3030
2260 3101 2160 3060
2311 3110 2170 3069
2340 3140 2208 3071
2388 3160 2260 3100
2395 3180 2311 3101
4622 3225 2340 3110
5260 3261 2345 3140
5460 3350 2388 3160
5480 3530 2395 3180
5600 6242 4220 3191
5621 6250 4622 3225
5780 6313 4660 3261
5830 6350 5260 3350
7270 9040 5460 3530
7580 9252 5480 6242
8185 9405 5600 6250
8190 9423 5621 6313
8210 9430 5780 6350
8380 9433 5820 6370
8496 9570 5830 6550
8502 9571 7270 9040
8540 9635.1 7580 9252
8185 9320
8190 9405
8210 9430
8380 9423
8496 9433
8502 9570
8510 9571
8540 9635.1

1453 1121 2095
1710 2616 2205
1811 2770 2375.1
2040 5455 2799
2091 6000 3230
2224 6930 3301
2340 7402 9181
2352.1 7496 9301
2550 7560 9421
8350 7600 9430
8461 7620 9435
8540 8211 9520
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presented. Each tactile texture (size: 10 X 10 cm) was applied
on a cardboard roll to provide a comfortable stimulation of
the skin. Given the curved shape of the rolls, during the
stimulation only a smaller portion of the texture (approxi-
mately 2x 10 cm) was in contact with the skin at any given
time.

Procedure

The participants were comfortably seated at a table, in front
of a LCD screen (screen size: 30 cm in height and 47.5 cm in
width, 1280 x 800 pixels of resolution) placed at a distance
of 50 cm from the participants’ body. The experimenter
sat at the opposite side of the table, partially hidden by the
screen. In each trial, a picture was projected in full screen
modality for 6 s and a 10-cm portion of the participants’
non-dominant ventral forearm was simultaneously stroked
using one of the materials. The tactile stimulation was
delivered by the same (female) experimenter at a velocity
of 5 cm/s, in order to induce a high firing rate of CT fibers
(preferential CT range: 1-10 cm/s; Loken et al. 2009). The
proper velocity of stroking was controlled by replicating the
movement of a cursor appearing on another screen only vis-
ible to the experimenter. Three 2 s-long consecutive strokes
(back-and-forth, along the elbow-wrist direction) were pro-
vided. In order to prevent participants from seeing the tac-
tile stimulation being delivered, a black curtain was placed
between their trunk and non-dominant arm. At the end of
each tactile stimulation the picture was replaced by a blank
screen. Participants were instructed to rate the pleasantness
of the tactile stimulation on paper sheets when the blank
screen was presented. The ratings were expressed on visual
analog scales (VASs) anchored by the words “unpleasant”
and “pleasant”. Each scale had a length of 10 cm and was
subsequently converted by the experimenter in measures
from — 5 cm (unpleasant) to +5 cm (pleasant). Participants
were required to pay attention to the images but were explic-
itly told to only rate the tactile stimulation and ignore the
picture content in their evaluations. During the stimulations,
the participants wore earplugs to prevent the effect of any
auditory information generated from the friction between
the texture and their skin. Each material was presented eight
times for each picture valence (i.e., positive and negative),
while each picture was presented just once, for a total of
sixty-four trials. The presentation order of pictures and tac-
tile stimuli was randomized.

Results
Statistical analyses were performed with STATISTICA
(Version 6.0; StatSoft, Italy). The ratings were submitted

to a repeated measures analysis of variance (rmANOVA)
with two within-subject factors: picture valence (positive vs.
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negative) and tactile stimulus (satin vs. tinfoil vs. sandpaper
vs. abrasive sponge). The analysis revealed significant main
effects of picture valence [F(1, 13)=17.89, p<0.001, =
0.08] and of tactile stimulus [F(3, 39)=24.72, p<0.001,
n* = 0.53]. Materials presented in combination with posi-
tive pictures were rated more pleasant as compared to when
presented with negative pictures (see Fig. 1). Tukey’s HSD
corrected post-hoc tests on the effect of tactile stimulus
indicated that utilizing satin and tinfoil for stimulation was
significantly experienced as more pleasant, as compared
using sandpaper and abrasive sponge for stimulation (all
ps<0.001). No differences between the stimulations deliv-
ered with satin and tinfoil (p =0.64) or between sandpaper
and abrasive sponge (p=0.77) were found. The interaction
between picture valence and tactile stimulus was not signifi-
cant [F(3,39)=0.96, p=0.41, > = 0.001].

Discussion

The results of Experiment 1 showed that the presentation of
emotional pictures affected the hedonic evaluation of the tac-
tile stimulation. Specifically, tactile pleasantness was higher
when materials were presented together with positively
valenced pictures, as compared to when they were combined
with negatively valenced pictures. The visual modulatory
effect occurred even though the participants were instructed
to only rate the tactile stimulation and ignore the pictures
in their evaluations. These results are clearly in line with
previous research showing that vision frequently modulates
tactile perception in perceptual tasks (e.g., Hartcher-O’Brien
et al. 2008, 2010; Hecht and Reiner 2009). Pictures depicting
emotional contents also modulate pain intensity evaluations
(e.g., De Wied and Verbaten 2001; Kenntner-Mabiala and
Pauli 2005; Meagher et al. 2001; Rhudy et al. 2007, 2010),
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Fig. 1 Participants’ mean ratings of the textures used in Experiment
1. Error bars represent the standard errors of the mean
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the duration of tactile stimulation (Shi et al. 2012), and tac-
tile spatial attention (Poliakoff et al. 2007). Moreover, as
regards tactile pleasantness, CT-optimal touch is perceived
as less pleasant when paired with frowning faces, as com-
pared to smiling faces (Ellingsen et al. 2014). It nevertheless
remains unclear whether the visual modulatory effect, as
found here, was driven by the presentation of the images per
se’ or by the specific emotional valence of the visual stimuli
presented. Note that it is possible for the hedonic tactile rat-
ings to be modulated by the positive and negative pictures
only because of their emotional salience. The introduction of
an emotional neutral visual condition should instead clarify
the occurrence of this effect. For this reason, in a follow-up
experiment of this study (i.e., Experiment 3), participants
were presented with pictures of both positive and negative
valence, as well as with neutral pictures.

With regard to the pleasantness of the tactile stimuli,
as expected, smooth materials were preferred over rough
materials (sandpaper and abrasive sponge, e.g., Essick et al.
1999; Etzi et al. 2014; Guest et al. 2011). Therefore, in order
to assess whether a CT-optimal stimulation delivered with
pleasant or unpleasant textures modulates the valence of
emotional pictures, a further experiment was conducted.
This experiment (Experiment 2) also assessed the potential
modulatory effect of the skin-to-skin contact condition on
visual valence ratings.

Experiment 2

Methods
Participants

Twenty right-handed volunteers (15 females, mean age:
22 +4.3 years) took part in the experiment. All the par-
ticipants reported normal tactile sensitivity and normal or
corrected-to-normal vision. None of the participants took
part in “Experiment 1.

Stimuli

The tactile stimuli consisted of the same materials used in
Experiment 1 (i.e., satin, tinfoil, sandpaper and abrasive
sponge), with the addition of a condition of experimenter’s
skin-to-participant’s skin contact. Namely, the experimenter
stroked the participants’ forearm with the glabrous skin of
her index and middle fingers (measure: 3 X 8 cm). Further
sixteen pictures (i.e., eight positive and eight negative) were
added to the set used in Experiment 1 to compensate for the
tactile stimulus addition (for the reference numbers of the

pictures used, see Table 1). The same valence arousal crite-
ria for picture inclusion as for Experiment 1 were adopted
here.

Procedure

The procedure adopted is very similar to that of Experiment
1. Here the participants were required to rate the valence of
the picture instead of the pleasantness of touch. Each texture
was presented eight times for each visual valence (i.e., posi-
tive and negative), adding to a total of eighty trials.

Results

A rmANOVA, with picture valence (positive vs. negative)
and tactile stimulus (satin vs. tinfoil vs. sandpaper vs. abra-
sive sponge vs. skin-to-skin contact) as within-subject fac-
tors, was performed. The analysis revealed a main effect of
picture valence [F(1, 19)=435.48, p<0.001, n* = 0.93],
with positively valenced pictures being rated as more pleas-
ant than negatively valenced pictures (see Fig. 2). The main
effect of tactile stimulus [F(4, 76)=1.53, p=0.20, #*> =
0.001] and the interaction effect between picture valence
and tactile stimulus [F(4, 76)=1.77, p=0.14, y* = 0.001]
were not significant.

Discussion

As expected, positively valenced pictures were rated as more
pleasant than negatively valenced pictures (e.g, Lang et al.
1993, 1999, 2008). The tactile stimulation delivered here did
not modulate the participants’ visual ratings, even though
emotions are easily conveyed by touch (Gallace and Spence
2014, 2016; Hertenstein et al. 2006; Olausson et al. 2016),

|:| Positive pictures
|:| Negative pictures

pleasant
54

Pleasantness (cm)
5 o

-5 T T
satin tinfoil

T T T
sandpaper abrasive sponge skin
unpleasant

Textures

Fig.2 Participants’ mean ratings of the emotional pictures used in
Experiment 2. Error bars represent the standard errors of the mean
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and thus interact with the visually presented emotional con-
tents (Spence and Gallace 2011). Neither the stimulation
given through the various materials, nor the skin-to-skin
contact with the experimenter, affected participants’ judg-
ments. Gigen it is a social stimulus, the skin-to-skin contact
could be taken as the more salient stimulus (see Field 2014;
Guest et al. 2009; Morrison et al. 2010; despite see; Triscoli
et al. 2013, for similar hedonic ratings when comparing
human- and robot-mediated touch), and therefore expected
to be more effective in inducing a modulatory effect over
vision. However, the laboratory setting adopted appears
to not be optimal at facilitating the appearance of such an
effect—note that the social contact was limited by prevent-
ing the participant from seeing the occurrence of the skin-to-
skin contact. This was due to the need of keeping the condi-
tions of tactile stimulation constant across the experiment.

In the perceptual domain, vision tends to extinguish
simultaneously presented tactile stimuli in a number of situa-
tions (Hartcher-O’Brien et al. 2008, 2010; Hecht and Reiner
2009). Here, within a (visual) emotional domain, it seems
that vision is prioritized, and cannot be modulated by touch.
However, these results could be influenced by the levels of
emotional salience of the specific stimuli used. Emotionally
valenced pictures represent highly salient stimuli and thus
their evaluation could escape the modulation by relatively
low valenced, or at least less salient, tactile stimuli. On this
point, future research needs to assess the effects of visuo-tac-
tile interactions on visual ratings by paying special attention
to the saliency levels of the emotional stimuli selected. In
order to investigate whether the visual modulation of tactile
ratings found in “Experiment 1” is due to the visual domi-
nance power or to the saliency of positively and negatively
valenced pictures, an emotional neutral visual condition was
introduced in Experiment 3.

Experiment 3

Methods

Participants

Twenty right-handed volunteers (15 females; mean age:
22 +2.6 years) took part in this experiment. All participants
reported normal tactile sensitivity and normal or corrected-
to-normal vision. In order to avoid the effect of previous
experience with the stimuli, none of the participants took
part in “Experiments 1 and 2”.

Stimuli

One pleasant-rated (i.e., satin) and one unpleasant-rated
(i.e., sandpaper) material were selected based on the
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results of Experiment 1, together with the skin-to-skin
contact condition. Thirty-six images taken from the IAPS
database were selected for visual stimulation (12 positive,
12 negative and 12 neutral). That is, the IAPS database
was first split in three groups based on the picture mean
valence ratings (Lang et al. 2008; 0-3: negative; 4—6: neu-
tral; 7-10: positive), and only those pictures within the
4-7.5 range (10-point arousal scale) on the arousal dimen-
sion were kept for this experiment (Lang et al. 2008).

Procedure

The same procedure from “Experiments 1 and 2” was
adopted with the following exceptions: A 9-cm portion of
the participants’ dorsal forearm of the dominant limb was
stimulated by delivering three consecutive strokes for 9 s
at 3 cm/s, the best velocity for a CTs response (Loken et al.
2009). To provide the stimulation at the correct velocity,
the (female) experimenter was trained by auditory tones
emitted by a metronome. That is, two 9-cm distant points
were marked on the participants’ forearm with a make-
up pencil and each tone indicated the moment in which
one of the two skin points had to be reached by stroking.
In twelve trials, participants were blindfolded in order to
have a unisensory tactile condition. Each condition was
presented four times, for a total of 48 trials throughout
the session. The presentation order of the conditions was
pseudorandomized to prevent the same condition to be
experienced twice in a row. Each trial, participants rated
the pleasantness of the tactile stimulation, the smoothness,
and the softness of the tactile stimuli on VASs anchored
by the words “pleasant” and “unpleasant”, “smooth” and
“rough”, and “soft” and “hard”, respectively. The VASs
were 15.87 cm (600 pixels)-long and were implemented by
using E-Prime (Version 2.0; Psychology Software Tools,
Inc.). One VAS per page was presented and the presen-
tation order of the rating scales was randomized. At the
end of the experiment participants were asked to name
each tactile stimulus used to deliver the tactile stimulation.
Electrodermal activity was measured throughout the entire
experimental session. Two Ag-AgCl electrodes (Model
1081 FG) with constant voltage (0.5 Volt) were attached
to the medial phalanges of the index and the ring fingers
of the non-dominant hand. Skin conductance responses
(SCRs) were recorded by means of a SC2071 device (Bio-
Derm, UFI, Morro Bay, California). Saline conductor gel
was used to improve the signal-to-noise ratio. The gain
parameter was set at 10 uSiemens (uS)/Volt, the analog-
to-digital (A/D) resolution was 12 bits, allowing to record
responses ranging from 0.1 to 100 uS, with a sample rate
of 10 Hz.
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Data analysis

The skin conductance (SC) data were analyzed using
LEDALAB (version V3.4.7), a software implemented in
MATLAB (version R2012a). A continuous decomposition
analysis approach was adopted (Benedek and Kaernbach
2010). For the analysis, the average phasic driver within
response window (skin conductance response; SCR) was
used. The response window was set from 2 to 9 s after the
onset of the stimulation. As recommended by Venables and
Christie (1980), the SC data were logarithmically trans-
formed with the following formula: y=1og(1 +x) prior to the
statistical analysis. The data of 6 out of 20 participants were
not available for the analysis because of technical problems
occurred during the recording. Both mean SCRs and VASs
were submitted to rmANOVAs with tactile stimulus (sand-
paper vs. satin vs. skin-to-skin contact) and picture valence
(positive vs. neutral vs. negative vs. no picture) as within-
participants factors. For each rating scale a separate ANOVA
was performed. Three two-tailed Pearson correlations were
performed to assess the relationship between SCRs and each
rating scale. When significant effects were found Tukey’s
HSD corrected post-hoc tests were conducted.

Results

Ratings
Pleasantness

The main effects of tactile stimulus [F(2, 38)=20.90,
p<0.001, #n* = 0.34] and of picture valence [F(3,
57)=12.76, p<0.001, n* = 0.10], and the interaction
effect between tactile stimulus and picture valence [F(6,
114)=3.33, p=0.004, n*=0.01] were significant. Satin and
experimenter’s skin were rated as more pleasant than sand-
paper (both ps <0.001), with no difference between them
(p=0.29; see Fig. 3a). The tactile stimulation was rated as
less pleasant when associated with negative pictures as com-
pared to the other visual conditions (respectively p <0.001,
p=0.003, p<0.001). No differences between tactile stimuli
presented in combination with positive and neutral pictures
(p=0.13), positive and no picture (p =0.68), as well as neu-
tral and no picture (p =0.69), were found. The interaction
effect revealed that satin was rated more pleasant when pre-
sented with positively valenced pictures or no picture, as
compared to neutral (respectively p=0.02, p=0.03) or nega-
tive pictures (both ps <0.001). No differences were found
when satin was presented with positive pictures or no picture
at all (p=0.1). When presented together with satin, neutral
pictures also received higher ratings as compared to nega-
tive pictures (p <0.001). The sandpaper was rated as less

V7 positive pictures
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5 :’ Negative pictures
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X X No pictures
44 Tx x
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Fig. 3 Participants’ mean ratings of the textures on the “pleasantness”
(a), “smoothness” (b), “softness” (¢) scales in Experiment 3. Error
bars represent the standard errors of the mean and asterisks indicate
significant differences (p <0.05)

pleasant when presented in combination with negative pic-
tures than positive (p <0.001) and neutral pictures (p =0.03),
but as pleasant as with no picture (p=0.39). Moreover, sand-
paper was evaluated as more pleasant in combination with
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positive as compared to no picture (p =0.03), but as pleasant
as when combined with neutral pictures (p =0.40). By con-
trast, there was no difference when sandpaper was presented
with the neutral pictures or with no picture (p =0.29). As
regards the skin-to-skin contact, it was rated as less pleasant
when presented together with negative pictures as compared
to positive, neutral pictures and no picture (all ps <0.001).
No differences were found between positive and neutral pic-
tures (p =0.69), positive pictures and no picture (p=0.1),
and between neutral pictures and no picture (p=0.91).

Smoothness

The analysis revealed a main effect of tactile stimulus [F(2,
38)=438.53, p<0.001, #* = 0.94] and of picture valence
[F(3,57)=6.92, p<0.001, #* = 0.001]. Satin was rated as
being smoother than the experimenter’s skin (p=0.01) and
sandpaper (p <0.001); experimenter’s skin was rated as
smoother than sandpaper (p <0.001; see Fig. 3). When com-
bined with positive pictures, the tactile stimuli were rated
as smoother than when combined with neutral (p =0.03)
and negative (p=0.001) pictures, but not with no picture
(p=0.96). No differences between neutral and negative
pictures (p =0.66) or neutral pictures and no picture were
found (p=0.11). Moreover, tactile stimuli were perceived
as smoother when presented alone, as compared to when
presented with negative pictures (p =0.006). The interac-
tion between tactile stimulus and picture valence indicated
only a trend toward significance [F(6, 114)=1.96, p=0.07,
n* <.001].

Softness

The main effects of tactile stimulus [F(2, 38)=97.12,
p<0.001, #> = 0.79] and of picture valence [F(3, 57)=4.10,
p=0.01, #> = 0.003] were significant. Sandpaper was rated
as harder than satin the and experimenter’s skin (both
ps<0.001), but there was no difference between satin and
the experimenter’s skin (p =0.87; see Fig. 3c). All tactile
stimuli were rated as softer when combined with positive
pictures, as compared to when combined with neutral pic-
tures (p =0.005). No differences between the other variable
levels (all ps>0.05) were found. The interaction between
picture valence and tactile stimulus was not significant [F(6,
114)=0.89, p=0.49, n> = 0.001].

Skin conductance responses

The main effect of tactile stimulus was significant [F(2,
26)=15.08, p<0.001, #*> = 0.25]. The sandpaper induced
higher SCRs than satin and skin-to-skin contact (all
ps<0.001; see Fig. 4), but there was no significant differ-
ence between satin and skin-to-skin contact (p =0.81). The
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Fig.4 Mean SCRs (log uS) to visuo-tactile presentation of the stimuli
in Experiment 3. Error bars represent the standard error of the means
and asterisks indicate significant differences (p <0.05)

main effect of picture valence [F(3,39)=0.78, p=0.50, n> =
0.009] and the interaction between picture valence and tac-
tile stimulus were not significant [F(6, 78)=0.60, p=0.72,
n*=0.01].

Correlational analyses

No significant correlations were found between SCR and
pleasantness ratings (r = — 0.001, p=0.99), SCR and
smoothness (r = — 0.13; p=0.15), SCR and softness rat-
ings (r=0.06, p=0.39). Pleasantness ratings moderately
correlated with smoothness (r=0.55, p <0.001) and softness
(r=0.54, p<0.001). The smoother and the softer the mate-
rial was, the more pleasant it was rated. Moreover, smooth-
ness correlated with softness ratings (r=0.84, p <0.001),
meaning that the smoother the material was, the softer it
was rated.

Recognition task

The skin-to-skin contact was recognized by the majority of
the participants (70%). The sandpaper was recognized by
30% of participants, and the satin was named as “textile” by
15% of participants.

Discussion

Looking at emotional pictures while being stroked affected
the participants’ hedonic and sensory evaluation of a tactile
stimulation. Negatively valenced pictures induced lower
pleasantness ratings for all tactile stimuli used, as compared
to both positive and neutral pictures. The same results were
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evident when comparing negative picture to the unisensory
tactile condition, but just for satin and skin-to-skin contact.
As regards positive and neutral pictures, their effect on the
hedonic tactile judgments, as well as that of the unisensory
tactile condition, varied as a function of the specific tex-
ture presented. In some cases, positively valenced pictures
led to higher pleasantness ratings as compared to neutral
pictures (i.e., for satin) and the unisensory condition (i.e.,
for sandpaper). In another case, the unisensory condition
led to higher pleasantness ratings than neutral valenced pic-
tures (i.e., when satin was presented). Therefore, our results
indicate that the hedonic evaluation of tactile stimulation
can be modulated by the emotional content of concurrently
presented visual stimuli, even though this modulatory effect
would seem to be more consistent when visual stimuli are
negatively valenced as compared to positive and neutral
images.

With respect to the sensory attributes of the stimuli, the
tactile stimuli were rated as smoother when presented with
positive pictures as compared to negative and neutral pic-
tures. The materials were also rated as softer when presented
together with emotionally positive pictures than with neutral
pictures. Hence, also perceptual evaluations of the tactile
stimuli were modulated by the visual stimuli, suggesting the
emotional content does also interact with sensory and dis-
criminative perception. It is however worth noting that the
effects for the sensory qualities of the stimuli were much less
pronounced than those of the hedonic judgments. More gen-
erally, these results demonstrate that visual stimuli depict-
ing both positive/negative and neutral content affect tactile
judgments. Thus, the mere presentation of content-depicting
pictures, regardless of their specific emotionally valenced
nature, would seem to be responsible for the modulations of
tactile judgments.

The skin conductance responses were not affected differ-
ently by the emotional valence of the pictures presented, nor
did they vary as a function of the multisensory or unisensory
condition of stimulus presentation. As regards the SCRs to
the different tactile stimuli, the results showed that the sand-
paper induced higher SCRs as compared to the satin and
the skin-to-skin contact. More negatively valenced tactile
stimuli might thus elicit stronger autonomic reactions than
positive tactile stimuli. This speculation follows from evi-
dence from other sensory domains showing that unpleasant
stimuli can be more physiologically arousing relative to the
pleasant ones (Eriksson et al. 2008; McDowell and Mandler
1989; Ramachandran and Brang 2008).

The textures rated as smoother and as softer than sand-
paper (i.e., satin and experimenter’s skin) were also rated as
more pleasant (see Etzi et al. 2014 for a study on tactile pref-
erences for everyday materials). Satin and experimenter’s
skin were evaluated as equally pleasant and soft (but with
satin as smoother). It is also important to note that most of

the participants were aware that the stimulation was deliv-
ered with the experimenter’s skin or with a material (even
if not clearly identified). However, the skin-to-skin contact
induced the same behavioral and electrodermal responses
as those induced by being stroked with the satin. A greater
arousal was expected in response to the skin-to-skin con-
tact as compared to the textures. Nevertheless, as previously
mentioned, the experimental setting was certainly far from
a natural condition of social interaction (i.e., the real effects
of a caress cannot be inferred here).

General discussion

The present study investigated the effects of visuo-tactile
interactions on subjective evaluations and physiologi-
cal responses to multisensory stimuli within the hedonic
domain. The results highlight that the hedonic judgments
of the tactile stimulation are modulated by the simultane-
ous presentation of emotionally valenced visual stimuli.
This modulatory effect is independent of whether the pic-
ture content is relevant or not to the stroking delivered to
the forearm. In “Experiment 17, the tactile stimulation was
rated as more pleasant when paired with emotionally posi-
tive pictures, as compared to when presented with nega-
tive pictures, whereas “Experiment 3” revealed emotionally
neutral pictures also affect tactile evaluations as well. Even
though these modulatory effects varied as a function of the
tactile stimulus presented, such a result could be taken to
indicate that any level of visual emotional valence (includ-
ing the neutral one) has an effect on tactile ratings. Future
experiments need to assess whether this effect extends to
other textures and, overall, to understand its specific driver
(e.g., selective or spatial attention).

While the impact of positive and neutral pictures varied
as a function of the specific texture presented, in most of
the cases negative pictures affected the tactile ratings for
all the tactile stimuli presented. All the materials were in
fact perceived as less pleasant when associated with nega-
tive pictures as compared to positive and neutral pictures.
During multisensory interactions in the hedonic domain,
negatively valenced and unpleasant stimuli seem to impact
tactile ratings more consistently, as compared to positive
stimuli (see Croy et al. 2014, on this point for olfactory-
tactile interactions). This effect could be a consequence of
the psychological phenomenon whereby negative contents
tend to have a greater effect than positive contents in cogni-
tive evaluations (e.g., Alves et al. 2017; Baumeister et al.
2001; Taylor 1991). People would seem in fact to be more
motivated to avoid bad events instead of pursuing good ones
(Baumeister et al. 2001).

The evaluations of the sensory attributes of the tactile
stimuli (i.e., smoothness and softness) were also affected
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by the pictures presented, even though in a less pronounced
way as compared to hedonic ratings. The textures were rated
as rougher when presented together with negative or neutral
pictures, as compared to when presented together with posi-
tive pictures. Moreover, they were evaluated as softer when
presented with positive as compared to neutral pictures.
Since both smoothness and softness were also moderately
correlated with pleasantness (see also Etzi et al. 2014 on this
point), one hypothesis could be that the hedonic value of the
stimuli mediates the occurrence of these interactions. The
role of the hedonic value and emotional valence is in fact
often taken into consideration in order to account, at least in
part, for the existence of some crossmodal correspondences
and interactions found in the extant literature on human per-
ception (Crisinel and Spence 2010; Dematte et al. 2006; Etzi
et al. 2016; Velasco et al. 2015).

The effect of the hedonic interaction between the visual
and tactile stimuli was further assessed by monitoring the
autonomic nervous system (ANS) activity, which is highly
responsive to emotional stimuli. Surprisingly, the arousal
response assessed through the measure of skin conductance
was not affected by the visual stimulation, irrespective of
the emotional salience of positive and negative pictures.
This result would seem to suggest the presence of a dis-
sociation between the explicit and implicit effects of visuo-
tactile interactions. That is, emotional visual stimuli would
seem to modulate hedonic and sensory ratings but not body
arousal responses. It is, however, possible that any potential
visual effect on the autonomic measure was overcome by the
greater arousing power of being stroked with textures (Etzi
and Gallace 2016).

The results revealed that the evaluation of the pictures
was not affected by the attributes of the tactile stimulation.
Specifically, in Experiment 2, the evaluation of the pictures
varied only as a function of their emotional valence (i.e.,
positive and negative). This result is not surprising, given
that the presentation of visual stimuli has often been shown
to dominate over touch and not vice-versa (e.g., Hatcher-O’
Brien et al. 2008, 2010; Hecht and Reiner 2009). Visual
stimuli are infrequently prioritized when presented together
with stimuli from other sensory modalities (e.g., Hecht and
Reiner 2009; Posner et al. 1976; Sinnett et al. 2007). Note,
however, that multiple source of evidence suggests that sen-
sory dominance depends on the specific task performed by
the participant (Ernst and Banks 2002; Ernst and Biilthoff
2004; Welch and Warren 1980). The lack of tactile modula-
tion over vision in this study could thus reflect the specific
set of visual and tactile stimuli used. In particular, the emo-
tional pictures adopted in our study were likely more salient
than the tactile stimuli used. It is also worth noting that,
although the relevance of the emotional aspects conveyed by
touch is now widely recognized (e.g., Gallace and Spence
2010, 2014, 2016; Hertenstein et al. 2006a; Loken et al.
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2009; McGlone et al. 2014; Morrison et al. 2010; Olausson
et al. 2016), it is still not clear whether the slow stimulation
of the skin by means of tactile textures can effectively induce
variations in the emotional individual state.

“Experiment 3” demonstrates that participants in most of
the cases correctly identify the skin of the experimenter as
one of the tactile stimuli presented. However, with the sole
exception of smoothness, no differences between skin-to-
skin contact and satin were found, neither for pleasantness
ratings nor for SCRs. This is likely due to the fact that here
the higher salience of the skin-to-skin contact as compared
to the stimulation by means of the everyday materials was
limited by the poor emotional context of the laboratory set-
ting. More ecological situations, such as real social interac-
tions, are needed to carefully assess whether affective touch
is salient enough to modulate visual emotional judgments.

With regard to tactile preferences, the pleasantness rat-
ings of the textures varied as a function of both the material
presented (differing in terms of microgeometric properties)
and the valence of the pictures simultaneously shown. More-
over, the skin stimulation performed by means of the smooth
and soft-rated textures (tinfoil, skin and satin) was preferred
over the stimulation performed with the rough and hard-
rated textures (sandpaper and abrasive sponge), thus provid-
ing additional evidence about the role of smoothness and
softness dimensions in modulating tactile pleasure (Essick
et al. 1999; Etzi et al. 2014; Guest et al. 2011).

Sandpaper induced a higher electrodermal arousal
response as compared to satin and skin-to-skin contact. Such
a result extends our knowledge about the autonomic reac-
tions to textures presented on the hairy skin and suggests
that tactile stimulation duration, as a function of the stimulus
used, can affect people’s arousal responses (see Triscoli et al.
2017 for the effects of prolonged CT-optimal stimulation on
heart rate variability -HRV-). Note that this previous study
delivered 9 s strokes. By contrast, the results of our recent
study revealed that the same kind of tactile stimulation (by
means of satin and sandpaper), lasting only for 2 s, did not
induce any variation in the arousal response (Etzi and Gal-
lace 2016). It is thus possible that a higher arousal response
to sandpaper emerges only later in time, possibly due to the
realization of the potential threat represented by such mate-
rial to the skin.

Taken together, the present study describes the behavioral
and physiological link from the multisensory interactions
occurring between vision and touch to the hedonic and sen-
sory evaluations of tactile textures. In particular, our results
support the view that the hedonic value attributed to strok-
ing can be easily modulated by other information concur-
rently presented (see Croy et al. 2014; Ellingsen et al. 2014,
2016; Gazzola et al. 2012; McCabe et al. 2008). However,
the strong visual modulatory effect affects only the explicit
evaluations of tactile stimuli, and crucially, not the arousal
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response generated by them (see Etzi and Gallace 2016).
Future research needs to address the role of the social con-
text in visuo-tactile interactions (e.g., including interactive
dyads).
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