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ABSTRACT

Stimulating CT-afferents by forearm caresses produces the subjective experience of
pleasantness in the receiver and modulates subjective evaluations of viewed
affective images. Receiving touch from another person includes the social element
of another person’s presence, which has been found to influence affective image
evaluations without involving touch. The current study investigated whether these
modulations translate to facial muscle responses associated with positive and
negative affect across touch-involving and mere presence conditions. Female
participants (N =40, M(age) =22.4, SD=5.3) watched affective images (neutral,
positive, negative) while facial electromyography was recorded (sites: zygomaticus,
corrugator). Results from ANOVAs showed that providing touch to another person
or oneself modulated zygomaticus site responses when viewing positive images.
Providing CT-afferent stimulating touch (i.e., forearm caresses) to another person or
oneself dampened the positive affective facial muscle response to positive affective
images. Providing touch to another person generally increased corrugator facial
muscle activity related to negative affect. Receiving touch did not modulate
affective facial muscle responses during the viewing of affective images but may
have effects on later cognitive processes. Together, previously reported social and
touch modulations of subjective evaluations of affective images do not translate to
facial muscle responses during affective image viewing, which were differentially
modulated.
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Social touch is known to play a crucial role in mature
development (literature reviews by T. Field, 2010,
2019; Gallace, 2010) and has, thus, important long-
term effects on the individual receiving the touch.
However, social touch also takes immediate effect,
e.g. touch can positively influence the relationship
between partners during conflict (e.g. Jakubiak &
Feeney, 2019) and receiving touch from a partner
can reduce stress and pain (T. Field, 2019). Affiliative
touch seems to cause affect-related changes in the
recipient’'s body. Nummenmaa et al. (2016) used

positron emission tomography while male partici-
pants were pleasurably (but non-sexually) touched
on the body by their romantic partner. Results
showed a reduction in parts of the endogenous
opioid system (ACC, alINS, thalamus) involved in
experiencing pain. Such findings lead to assume
that social and affiliative touch can hamper negative
stimuli.

Social and affiliative touch can take various forms
ranging from hugs and caresses to short taps on the
shoulder and depending on the location of the
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body the touch is applied, its effects vary. It is known
that caresses on hairy skin with a velocity of 1-10 cm/
sec (Loken et al., 2009) stimulate CT-afferents, which
has further been found to produce the subjective
experience of pleasantness in the person receiving
the touch (T. Field, 2019; Léken et al., 2009; Morrison,
2016). It should be noted that most research on touch
focusses on the effects of being touched. Given that
people provide touch to themselves (see Boehme &
Olausson, 2022) and that being touched also involves
touching with its own sensation, the effects of self-
provided touching and providing touch to another
person alongside receiving touch should gain
further attention. A study including these three
instances found that being stroked on the forearm
was rated as more pleasant than stroking the partner’s
forearm or self-stroking although all three ratings
were in the positive range (Triscoli et al., 2017). As
such, CT-afferent stimulation might lead to the experi-
ence of positive affect.

Facial muscle responses in the corrugator and
zygomaticus facial muscles sites have consistently
been linked to negative and positive affect (e.g. Fri-
dlund et al, 1984; Golland et al., 2018; Schwartz
et al, 1976; Witvliet & Vrana, 1995), the processing
of negative and positive stimuli (e.g. Dimberg, 1988,
1990; Larsen et al., 2003), and specifically CT-afferent
stimulation (Mayo et al., 2018). The corrugator super-
cilii is generally associated with negative affect and its
activation results in frowning, and the zygomaticus
major is associated with positive affect as its activation
results in smiling. A study looking at facial muscle
responses associated with affect (i.e. zygomaticus
major site activation related to positive affect) found
greater zygomaticus site activation in response to
CT-afferent stimulating forearm-stroking than strok-
ing of the palm, which lacks CT-afferents (Pawling
et al, 2017). Thus, CT-afferent stimulation and the
resulting feeling of pleasantness seem to reflect in
facial muscle activity associated with the experience
of positive affect.

In line with physiological research, neuroscientific
research has shown that the insula, a structure that
is associated with emotional processing, is activated
when CT-afferents are stimulated (Olausson et al.,
2002). Neuroscientific research identified further
brain regions related to social cognition and affect
to be activated during CT-afferent stimulation, i.e.
the amygdala, the right posterior superior temporal
sulcus, the medial prefrontal cortex, and dorso
anterior cingulate cortex (Gordon et al., 2013). As

such, affiliative touch including CT-afferent stimu-
lation from another person might be the link
between the received touch and the feeling of plea-
santness, affect, and potentially also respective cogni-
tive evaluations.

A potential modulation of affective image valence
evaluations due to social and affiliative touch manip-
ulations including CT-afferent stimulation (i.e.
forearm-caressing) was investigated by Wingenbach
et al. (2019). Similar to Triscoli et al. (2017), the study
included experimental conditions varying whether
participants were receiving affiliative touch, were pro-
viding affiliative touch, or were self-providing the
touch to shed light on the social component of
touch regarding affective judgements. In addition,
there was a no-touch conditions with another
person present in the room and a condition where
the participant was alone to shed light on the social
aspect in valence judgements of affective images.
Results showed that negative images were evaluated
as less negative in the conditions where participants
were receiving affiliative touch by another person
and by themselves compared to participants provid-
ing touch to another person, having another person
present, and being alone in the room. Markedly, the
conditions with CT-afferent stimulation had these
positive effects on negative affective image evalu-
ation. Creating a social situation without touch also
had a positive effect on negative image evaluation
compared to participants being alone in the room.
No effects were found on the evaluation of neutral
images, but positive images were evaluated as more
positive with another person present than when
receiving or providing caresses. For positive effects
on positive affective image evaluation, the social
aspect of another’s presence seems to have played a
more important role than the touch. This study
showed that social aspects with and without affiliative
touch differentially impact affective image evalu-
ations. Self-reported evaluations are naturally subjec-
tive and involve a great cognitive component and
may not reflect a person’s affective experience on a
more objective level.

Facial EMG allows to assess facial muscle
responses which may be outside of the awareness
of the participant and not visible to the naked eye
and can be used as an objective and sensitive
measure of affect (see Wingenbach, 2023). Facial
EMG can thus be used to investigate whether facial
muscle responses related to affect during affective
image viewing are modulated by social as well as



affiliative touch manipulations and how these
aspects interact; a question that is unanswered by
the published literature to date.

The main aim of the current study was to investi-
gate the potential of the presence of another person
(social aspect), affiliative touch (social touch aspect),
and CT-afferent stimulation (social vs non-social) to
modulate facial muscle responses associated with
positive and negative affect during affective image
viewing. The touch was applied skin-to-skin through
forearm caresses with a CT-optimal velocity (i.e.
7 cm/sec). Assuming the general response pattern in
zygomaticus and corrugator facial muscle sites in
relation to affect, it was expected to replicate pub-
lished findings of higher corrugator site activity in
response to negative than positive affective and
neutral stimuli, and higher zygomaticus site activity
in response to positive than negative affective and
neutral stimuli.

When viewing negative affective images, it was
hypothesised that corrugator facial muscle site
activity would be:

(@) lower in the presence of another person than
when alone (social aspect).

(b) lower when affiliative touch (by another person
and to another person) is involved than self-pro-
viding touch (social touch aspect).

(c) lower when CT-afferent stimulation is applied
(self-provided and by another person) than
when providing touch to another person (CT-
touch aspect).

(d) lower when CT-afferent stimulation is applied by
another person than when self-applied (CT-touch
social aspect).

When viewing positive affective images, it was
hypothesised that zygomaticus facial muscle site
activity would show the opposite effects with
expected higher activity in hypotheses (a)-(d).

Method
Participants

Participants were 46 heterosexual female participants
(M(age) =22.8, SD=5.2) who were recruited and
tested at the laboratory (sample size estimation is
reported in Wingenbach et al., 2019). Six participants
did not fully comply with the instructions of the task
and were excluded from statistical analyses. Thus, a
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total of 40 participants were included in the results
reported here (M(age)=22.4, SD=5.3). All partici-
pants were undergraduate students at the Mackenzie
Presbyterian University with the majority from law (n
=24) and psychology (n=11). All participants
reported normal or corrected-to-normal vision.

Affective stimuli and experiment

The affective stimuli used for the current study were
taken from the International Affective Picture Set
(Lang et al, 2008). Precisely, 156 images were
selected; 50 images for each of the 3 valence cat-
egories: positive, neutral, and negative. An additional
six images were selected to be used as practice trials.
While positive images represented the categories
“animals”, “food”, “people”, “landscapes”, negative
images represented the categories “mutilations”,
“death”, “disasters”, “war”, “disgust”’, and neutral
images belonged to the category “objects”. The selec-
tion of the images was based on the valence ratings
from the Brazilian norm ratings (Ribeiro et al., 2004).
The experiment consisted of 5 experimental con-
ditions of 30 trials with each condition containing
10 images of each image valence category. Touch
was always provided skin-to-skin, i.e. palm stroking
forearm with a velocity of 7cm/sec, in line with
effective C-afferent stimulation (e.g. Loken et al,
2009). The experimental conditions of the task were:

i Providing: The participant was stroking the
experimenter’s hairy side of the forearm with
their palm in the area between wrist and elbow.

ii Presence: The participant sat next to the exper-
imenter, separated by a curtain, while under-
going the condition without touch.

iii Self-providing: The participant was stroking the
hairy side of their own forearm with their palm
in the area between wrist and elbow.

iv Receiving: The participant had the hairy side of
their forearm stroked by the experimenter with
their palm in the area between wrist and elbow.

v Alone: The participant underwent the condition
alone in the room and without touch.

The valence ratings for each image valence cat-
egory were kept constant across the experimental
conditions: providing (M(negative)=1.14, SD=0.12;
M(neutral) =5.15, SD =0.20; M(positive) =8.63, SD =
0.18), receiving (M(negative)=1.15, SD=0.12; M
(neutral) =5.15, SD=0.19; M(positive) =8.63, SD=
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0.17), self-providing (M(negative) =1.15, SD=0.12; M
(neutral) =5.15, SD=0.20; M(positive) =8.61, SD=
0.14), presence (M(negative)=1.15, SD=0.12;, M
(neutral) =5.16, SD=0.19; M(positive) =8.62, SD=
0.14), alone (M(negative) = 1.15, SD = 0.12; M(neutral)
=5.16, SD = 0.19; M(positive) =8.61, SD = 0.14). A table
displaying the image numbers and their distribution
across the experimental conditions of the task
applied in the current study can be found in Wingen-
bach et al. (2019).

The stimulus presentation software E-Prime 2.0
(Psychology Software Tools, Pittsburgh, PA) was
used to programme and run the experiment. A 32"
PC screen (resolution: 1280 x 720, refresh rate: 60Hz)
was used to present the experiment. The images
were displayed at 75% of the experiment resolution
(640 x 480). The total number of experimental trials
was 150 plus 6 practice trials before starting the
experiment. Specific instruction was provided for
each experimental condition. A trial started with a
fixation cross (2s), followed by the stimulus (4 s)
after which the answer screen containing the Self-
Assessment-Manikins (Bradley & Lang, 1994) rating
scale for valence (1="negative” to 9="positive”)
appeared. The numbers 1-9 on the keyboard were
set as corresponding input. The time to answer was
not restricted and an allowed key press initiated the
next trial. Visualisation of the trial procedure can be
found in Figure 1 in Wingenbach et al. (2019).

EMG recording

The BIOPAC MP150 System with the Acgknowledge
software (Version 4, Biopac Systems, Inc., Goleta, CA)
and EMG110C units for each of the two facial muscle
sites (corrugator supercilii and zygomaticus major)
were used for recording of the EMG data. Pairs of
shielded surface silversilver chloride (Ag-AgCl) elec-
trodes (EL254S) filled with conductive gel (saline-
based Signa Gel) and with a 4 mm diameter were
used. The EMG signal was bandpass filtered online
from 10 Hz to 500 Hz. Grounding was achieved with
an additional electrode on the forehead. The sampling
rate was 1000 Hz throughout the experiment.

Procedure

Ethical approval for the study was provided by the
Mackenzie Ethics Committee in line with the Declara-
tion of Helsinki. Every recruited participant filled out
the Portuguese versions of the Beck's Depression

Inventory and the Beck’s Anxiety Inventory (Goren-
stein & Andrade, 1996) online. Participants’ scores
needed to be<18 and< 16, respectively, to get
invited to the testing session at the laboratory. This
procedure was applied to exclude individuals with
potential mood disorders, as these could influence
their affective responses during the experiment and
bias the results. Data collection was carried out by
the same two female experimenters of which one pro-
vided the verbal instructions to the participant and
attached the electrodes (experimenter 1) and the
other provided/received the touch (experimenter 2).
These roles were fixed. When participants arrived at
the laboratory, they were greeted by experimenter
1, and the study procedures explained to them
without revealing the hypotheses. Participants then
provided written informed consent. Experimenter 2
remained unseen to the participant until the end of
the testing session.

The laboratory room was set-up akin to the pro-
cedure by Schirmer et al. (2011). That is, a black
curtain separated two chairs with arm rests while
the PC screen was shared and placed approximately
1m from participants. This set-up assured that partici-
pants would not see the experimenter 2. Figure 1 in
Wingenbach et al. (2019) displays this set-up. Since
the curtain had a small hole at arm rests level, the
touch was provided while the arm was resting on
the arm rest. Experimenter 2 was trained by the last
author prior to data collection in touch administration
with a velocity of approximately 7cm/sec as necessary
for effective CT-afferent stimulation. Four strokes were
carried out during stimulus presentation.

After consent for participation in the study was
obtained, the facial electromyography (EMG) electro-
des were attached by experimenter 1. First, partici-
pants’ faces were cleaned with alcohol swabs to
remove oils and dead skin cells from the skin for
better attachment of the electrodes with double-
sided adhesive rings. The electrodes were attached
in accordance with the guidelines for facial EMG by
Fridlund and Cacioppo (1986). That is, the two elec-
trode pairs were placed on the left side of the face.
One pair was placed halfway on the imaginary line
between the mouth corner and the zygomatic
depression to assess zygomaticus major facial
muscle site responses. For assessing the corrugator
supercilii facial muscle site, one electrode was
placed directly above the eyebrow lined up with the
inner commissure of the eye fissure and the other
electrode was placed lateral and slightly above the
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a) zygomaticus facial muscle site
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Figure 1 Facial muscle responses to affective stimuli per experimental condition. Note. The EMG signal representing facial muscle responses
was z-standardised and baseline-corrected. The figures present (a) zygomaticus facial muscle responses and (b) corrugator facial muscle
responses to positive, negative, and neutral affective stimuli for each of the five experimental conditions. Error bars display the SE of the M.

first one above the eyebrow. Each pair of electrodes Every participant underwent the five experimental
was placed in proximity (1 cm between the electrode  conditions in random order. Before each condition,
centres). A ground electrode was placed on the fore- experimenter 1 explained the nature of the condition
head. Participants were kept blind about the to the participant, i.e. whether experimenter 2 would
purpose of the electrodes until after completion of be present behind the curtain and what type of touch
the study. would be involved. Before starting the conditions
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where the participant was providing touch to herself
or experimenter 2, the touch administration was
demonstrated to the participant by experimenter 1
and practised with the participant. It was explained
to participants that four strokes need to be carried
out for the entire duration of the image presentation
(i.e. 4 s). Participants were instructed to lightly caress
the hairy side of their forearm in the area between
wrist and elbow with slow movements and to rest
the palm above the wrist in-between images. Since
experimenter 2 was present in the conditions where
the participant was providing touch and was able to
see the movement on their arm, participants were
excluded if the touch was incorrectly administered.

Participants were instructed to watch the images
and evaluate their valence; the results are presented
in Wingenbach et al. (2019). The touch conditions
included an additional rating. After concluding a
touch condition, participants rated the pleasantness
of the touch on a 9-point Likert-scale (1 ="unplea-
sant” to 9="pleasant”). During the whole duration
of the experiment, participants were observed
through a webcam mounted to the PC screen by
experimenter 1. The webcam did not produce any
recordings and merely served the aim to be able to
take note of movement artefacts in the EMG signal.
Participants were told about the webcam. The electro-
des were taken off after completion of the exper-
iment, participants debriefed, and granted course
credit for participation.

Data preparation and analyses

The EMG data was prepared using Matlab 2016b. A
60 Hz notch filter was applied in addition to a high
pass filter of 28 Hz. The signal was rectified and
smoothed with a moving average of 50 ms. Artefacts
(e.g. yawns), of which there were few, were removed
based on the experimenters’ documentation; the
respective time segments were set as missing
values. However, no trials were excluded due to arte-
facts, which mainly occurred in time segments not
included in the analysis. A pre-stimulus baseline of
500 ms and an event window of 4 s from stimulus
onset were defined. This time period was segmented
into 100 ms bins and the mean EMG activity for each
of these bins extracted. Each 100 ms time bin was z-
standardised; this standardisation was performed for
each participant individually across experimental con-
ditions but per muscle site. Afterwards, the pre-stimu-
lus baseline was subtracted from each bin. A trial was

excluded when the difference from one baseline-cor-
rected 100 ms bin to the next exceeded -/+ 3 SD of
the mean. For the corrugator facial muscle site, 1529
of the trials (25%) of the overall 6000 trials were
omitted and 1130 trials (19%) for the zygomaticus
facial muscle site. The number of trials excluded per
participant, on average, for each stimulus category
were in the corrugator site: positive (3), negative (2),
neutral (3), and in the zygomaticus site: positive (1),
negative (2), neutral (2). With the remaining trials,
means were created for the EMG activity of 2 s from
stimulus onset until offset. Research using affective
scenes in images has shown that an orienting
response in the corrugator site occurs around
500 ms after stimulus onset (Mavratzakis, Cornelia,
& Peter, 2016). This orienting response is independent
from the affective valence of the stimulus. Around
500-750 ms after scene stimulus onset, the response
to the affective value of the stimulus starts to
become observable in the corrugator site (Mavratzakis
et al.,, 2016) and develops further until the maximum
change to baseline is reached. With the aim to
include the affective responses to the visual stimuli
without the orienting and development to peak
response, the second half of the stimulus presentation
was used as the event window and entered into the
analysis as averaged responses.

Data preparation and analyses were conducted in
SPSS version 24 (SPSS IBM, Armonk, U.S.A.). The EMG
means per facial muscle site for the three image
valences within each of the 5 experimental conditions
were inspected for outliers. Boxplots were used for
identification of outliers per variable and all data
points that were +/- 3x IQR from the median were
defined as outliers. Identified outliers were winsorised
instead of eliminated, as suggested by Field (2009).
This did not change the rank of those cases but
made them less extreme to account for the sensitivity
of ANOVA to extreme values.

Two repeated measures analyses of variance
(ANOVAs) were conducted, one for each facial
muscle site, with stimulus Valence category (3 levels
[positive, negative, neutral]) and Experimental Con-
dition (5 levels [alone, presence, self-provided, receiv-
ing, providing]) as within-subject factors. Adjustment
of degrees of freedom was applied when sphericity
was violated using Greenhouse-Geisser when the
Greenhouse-Geisser estimate of sphericity was <.75
and Huynh-Feldt when the Greenhouse-Geisser esti-
mate of sphericity was >.75 (Field, 2009). Partial n* is
presented as effect size measure for the main effects



and interactions. Significant interaction effects were
qualified with ANOVAs and planned contrasts con-
ducted to test the hypotheses for negative and posi-
tive images.

(@) To test the social aspect, presence without touch
condition was compared to the alone condition.

(b) To test the social touch aspect, the receiving
touch from another person and providing touch
to another person conditions combined were
compared to the self-providing touch.

(c) To test the CT-afferent stimulation aspect, the
conditions of caresses self-provided and by
another person combined were compared to
the providing touch to another person condition.

(d) To test the social touch aspect within CT-afferent
stimulation, the receiving caresses by another
person condition was compared to the self-pro-
viding touch condition.

Significant effects with no prior hypothesis were
followed up with post-hoc paired comparisons or
paired samples t-tests and Bonferroni-Holm correc-
tion (Holm, 1979) was applied to the p-values to
account for multiple comparisons. The presented p-
values are after correction. Cohen’s d was calculated
for the t-tests results as effect size measure.

Results
Zygomaticus facial muscle site responses

The 3x5 (Valence [positive, negative, neutral]) x
(Experimental Conditions [providing, presence, self-
providing, receiving, alone]) repeated measures
ANOVA for the z-standardised zygomaticus facial
muscle site responses showed a significant main
effect of Valence, F, 78 =20.21, p<.001, partial n?
=.34, power=1.00. Planned contrasts showed
higher zygomaticus site activity (M =0.25, SD =0.05)
in response to positive stimuli than to negative (M =
0.06, SD=0.03), F1, 39)=19.10, p<.001, partial n?
=.33, power =.99, and neutral stimuli (M=0.01, SD
=0.02), Fa 39=31.61, p<.001, partial n?=.45,
power = 1.00.

The main effect of Experimental Condition was sig-
nificant, F(4, 156) = 3.14, p =.016, partial n?=.08, power
=.81. Post-hoc paired comparisons with Bonferroni-
Holm adjustment showed, the z-standardised zygo-
maticus site activity was significantly higher in the
presence condition (M=0.17, SD=0.04) than in the
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self-providing condition (M=0.05, SD=0.03), p
=.020. The z-standardised zygomaticus site activity
was trending towards being significantly higher in
the alone condition (M =0.15, SD=0.04) than in the
self-providing condition (M=0.05, SD=0.03), p
=.063. No other comparisons reached statistical sig-
nificance, p's > .472.

Means and standard deviations for the z-standar-
dised activity in the zygomaticus muscle site in
response to positive, negative, and neutral valence
stimuli for each of the experimental conditions are
presented in Table 1.

The interaction of Valence x Experimental Con-
dition was significant, Fg 312 =3.05, p=.007, partial
n?=.07, power=.91; see Figure 1(A). A repeated
measures ANOVA for the z-standardised zygomaticus
site activity in response to positive stimuli with Exper-
imental Condition as factor was conducted to qualify
the interaction. Results showed a significant main
effect of Experimental Condition for positive stimuli,
Fia, 156)=4.87, p=.003, partial n’=.11, power=.91.
Planned contrasts showed no significant social effect
(a) in z-standardised zygomaticus facial muscle site
activity, F(;, 390=0.03, p =.866, partial n*=.00, power
=.05. There was also neither a significant touch
effect (b) in z-standardised zygomaticus facial
muscle site activity, F;, 39 = 1.00, p=.324, partial n’
=.03, power =.16, nor a CT-afferent effect (c), Fj;, 39
=0.04, p=.852, partial n*=.00, power=.05, or CT-
afferent social effect (d), Fy, 39=1.92, p=.174,
partial n* = .05, power = .27.

Table 1. Means and Standard Deviations (z-standardised) across
experimental conditions, stimulus valance, and facial muscle sites.

Facial muscle site

corrugator  zygomaticus
Stimulus Experimental
valence condition M SD M sD
positive providing —-0.28 042 0.14 0.43
presence —-033 0.36 041 0.64
self-providing -033 036 010 037
receiving —0.30 0.39 021 0.34
alone -036 0.32 039 046
negative providing 049 0.65 0.11 0.35
presence 032 0.52 0.03 0.21
self-providing 031 0.46 0.04 0.28
receiving 0.27 046  0.05 0.05
alone 023 040 006 038
neutral providing 0.06 031 -0.01 0.18
presence -0.13 0.17 0.07 0.36
self-providing -0.07 0.23 0.01 0.18
receiving —0.00 0.28 0.00 0.19
alone -0.02 026 -0.01 026
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To identify which experimental conditions differed
from each other in z-standardised zygomaticus facial
muscle site activity during positive affective image
viewing, paired samples t-tests with Bonferroni-
Holm correction for the eight tests were conducted.
Results showed that the z-standardised zygomaticus
facial muscle site activity was significantly higher in
the presence condition than the self-providing con-
dition, t(39) =3.27, p=.014, d=.53, but not the pro-
viding condition, t(39)=2.28, p=.120, d=.36, or
receiving condition, t(39) =1.82, p=.228, d=.28. The
z-standardised zygomaticus facial muscle site activity
was significantly higher in the alone condition than
the providing condition, t(39)=-3.04, p=.024, d
= .48, and the self-providing condition, t(39) = —4.44,
p <.001, d=.70, but not significantly different from
the receiving condition, t(39)=-2.35, p=.120, d
=.38. The z-standardised zygomaticus facial muscle
site activity was not significantly different in the pro-
viding condition compared to the self-providing con-
dition, t(39) =0.43, p=.840, d=.07, or the receiving
condition, t(39) =0.82, p=.840, d=.14.

Neither the main effect of Experimental Condition
for the z-standardised zygomaticus site activity in
response to negative stimuli was not significant, F,
156 =0.53, p=.711, partial n’=.01, power=.18, nor
was the main effect for neutral stimuli, Fy, 156 =
0.95, p = 421, partial n?=.02, power =.27.

Corrugator facial muscle site responses

The 3 x5 (Valence [positive, negative, neutral] x
Experimental Conditions [providing, presence, self-
providing, receiving, alone]) repeated measures
ANOVA for the z-standardised facial responses
showed a significant main effect of Valence, F5, 7¢) =
60.77, p < .001, partial n?= .61, power = 1.00. Planned
contrasts showed, the z-standardised corrugator site
activity in response to negative stimuli (M =0.33, SD
=0.06) was significantly higher than to positive (M =
-0.32, SD=-040), F; 39=76.99, p<.001, and
neutral stimuli (M=-0.03, SD=-0.03), F4, 39 =
32.71, p<.001.

The main effect of Experimental Condition was
significant, Fy 156 =3.77, p=.006, partial n*=.09,
power =.79. Post-hoc paired comparisons with Bon-
ferroni-Holm correction for the ten comparisons
showed, the z-standardised corrugator site activity
was significantly higher in the providing condition
(M=0.09, SD=0.05) than in the alone condition (M
=-0.05, SD=0.03), p=.020. There were no

significant differences involving the presence (M=
—0.05, SD=0.04), self-providing (M=-0.03, SD=
0.03), and receiving (M =-0.01, SD = 0.03) conditions
as no other comparisons reached statistical signifi-
cance, p's>.171.

Means and standard deviations for the z-standar-
dised activity in the corrugator muscle site in response
to positive, negative, and neutral valence stimuli for
each of the experimental conditions are presented
in Table 1. The interaction of Valence x Experimental
Condition was not significant, Fg 312 =1.27, p=.28,
partial n?=.03, power = .44; see Figure 1(B). Thus, no
further hypotheses tests were conducted.

Discussion

The current study investigated the potential modu-
lating effects of affiliative touch and social presence
on facial muscle responses while viewing affective
images. The typical changes in facial muscle activity
in the corrugator and zygomaticus facial muscle
sites to positive, neutral, and negative valence
images were replicated, in line with the expectation.
The specific a-priori hypotheses on social, touch,
and CT-afferent stimulation effects on zygomaticus
and corrugator facial muscle responses while
viewing positive and negative affective images
were not supported. This hints at a complex inter-
play between these aspects. Nonetheless, touch
modulations of zygomaticus facial muscle site
responses were present during viewing of positive
stimuli but not neutral or negative stimuli. Particu-
larly, providing touch to oneself or a stranger
seems to attenuate zygomaticus facial muscle site
responses to positive affective images. Corrugator
facial muscle site responses were amplified (across
image valence categories) when providing touch
to a stranger. Overall, providing touch to a stranger
seems to attenuate positivity and increase negativity
when viewing affective images, as reflected in facial
muscle activity.

The facial muscle responses differed across image
valence categories in the current study following the
typical pattern. That is, the zygomaticus facial
muscle site activity was greater when viewing positive
than negative or neutral images, while the corrugator
facial muscle site activity was greater during negative
images viewing than positive or neutral images. These
results are in line with the published literature on
affective stimuli processing and facial muscle
responses (e.g. Dimberg, 1988, 1990; Larsen et al.,



2003). The current study shows, the valence category
of viewed affective images reflects in corrugator and
zygomaticus facial muscle site responses across
social, touch, and CT-afferent stimulation
manipulations.

Based on subjective image evaluations reported in
Wingenbach et al. (2019), it was expected that the
presence of another person (vs alone) would increase
positive affect as measured by zygomaticus facial
muscle site activity when viewing positive images.
However, there were no pronounced differences in
zygomaticus facial muscle site activity between the
social (presence) and non-social (alone) condition.
This result shows that merely creating a social situ-
ation does not markedly affect facial muscle activity
associated with positive affect during positive
affective image viewing. This finding aligns with the
wider literature on creating a social situation while
viewing affective images. For example, a study
reports no difference in attention-related measures
assessed using electroencephalography during
viewing of affective images either alone or in the pres-
ence of another person (Mairon et al., 2020). It should
be noted that studies reporting social effects have
taken their measures after stimulus offset. In addition
to Wingenbach et al. (2019) reporting the most posi-
tive valence ratings for positive affective images in
the presence of another person, Wagner et al. (2015)
found increased positive affect in the condition
where participants believed to be sharing an
emotional experience. Thus, while the presence of
another person does not seem to affect objective
physiological measures during the viewing of
affective images, there seem to be effects after the
viewing which emerge on self-report level.

It was hypothesised that the social aspect of affilia-
tive touch, provided by another person or to another
person (vs self-provided caresses), would amplify
zygomaticus facial muscle responses during positive
affective image viewing. However, the results did
not support this hypothesis. The results imply that
the effects of touch on positive affective image pro-
cessing expressed in the zygomaticus facial muscle
site are stable whether receiving or providing touch,
socially or non-socially (i.e. when self-providing). It is
possible that social aspects of touch also do not
modulate measures like implicit facial muscle acti-
vations during the viewing of affective images but
explicit subjective measures afterwards.

It was further expected that receiving CT-afferent-
stimulating caresses during positive affective image
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viewing, by another person or self-provided (vs to
another person), would amplify zygomaticus facial
muscle site activity, and more so when received
from another person (vs self-provided). However, the
zygomaticus facial muscle site activity during positive
affective image viewing supported neither assump-
tion. This result seems to contrast reports of increased
visual attention to affective images and modulation of
their processing based on electroencephalography
from received forearm squeezes (Schirmer et al.,
2011). However, forearm squeezes, unlike caresses,
do not stimulate CT-afferents, and could have
served as primes to the affective images driving the
results. Importantly, the results from the current
study align with reports of no reflection of perceived
pleasantness from received forearm stroking at CT-
afferent-stimulating velocity in the zygomaticus
facial muscle site in the absence of any further
stimuli (Ree et al., 2020). Possibly, the zygomaticus
facial muscle site does not reflect increased subjective
pleasantness from CT-afferent stimulation, at least
when provided by a stranger who, in addition, was
outside the participant’s visual field. Future research
should investigate effects on the zygomaticus facial
muscle site when touch is applied by a friend or
partner vs strangers as well as manipulating their visi-
bility to the participant.

Notably, in the current study, self-stimulating of
CT-afferents in the forearm through caresses descrip-
tively led to the lowest zygomaticus facial muscle site
responses of all conditions during positive affective
image viewing and significantly lower than the pres-
ence and alone conditions. Further, providing
forearm caresses to another person showed signifi-
cantly lower zygomaticus facial muscle site activity
than being alone in the room during positive
affective image viewing. Thus, providing touch to a
stranger and self-providing touch, despite CT-
afferent stimulation, appears to hamper positive
images’ positivity as reflected in the zygomaticus
site activity. As such, zygomaticus facial muscle site
responses might reflect decreased rather than
increased positive affect in relation to touch. Wonder-
ing whether liking the touch or subjective valence
ratings of the images could have played a role, we
carried out regression analyses including the touch
liking and valence ratings (ratings presented in Win-
genbach et al, 2019). However, neither liking nor
valence ratings were entered in the model as predic-
tors of facial muscle responses to the image valence
categories. Alternatively, adding a task for participants
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to carry out, i.e. (self-)providing touch, in these two
conditions might have distracted from the stimuli
reflecting in less positive affect when viewing positive
affective images.

Less strong zygomaticus facial muscle site
responses when self-providing or providing touch to
another person touch compared to no-touch con-
ditions align with the wider literature, for example,
reports of less positive subjective evaluations of posi-
tive images after self-providing forearm caresses com-
pared to mere presence of another person
(Wingenbach et al.,, 2019). With the current results
showing higher zygomaticus activity in the no-touch
conditions compared to two of the three touch con-
ditions (self-providing and providing to another
person but not receiving from another person)
when viewing positive images, it is unlikely that the
involvement of touch per se was underlying the
results. The results align with the reports by Triscoli
et al. (2017) of lower, albeit positive, pleasantness
ratings of forearm caresses when touch was self-pro-
vided or provided to another person than when
received from another person. Thus, the question
arises what makes receiving touch from another
person different to (self-)providing touch. Providing
touch to another person should be less pleasant
than receiving touch if CT-afferent stimulation is
necessary to create the effect. This is because the
human palm carrying out the caresses does not
have the necessary CT-afferents (McGlone et al.,
2012). However, a lack of CT-afferent stimulation did
not apply to the self-caressing condition, as this con-
dition included CT-afferent stimulation. It should be
noted that Triscoli et al. (2017) found a significantly
decreased heart rate only in the condition where par-
ticipants were receiving touch from a partner and not
when self-caressing or caressing a partner. That is,
receiving touch from another person differentially
affects physiological responses on cardiovascular
level. It is possible that there was an experience of
pleasantness when receiving touch from another
person or that stimulation by a partner adds qualitat-
ive value to the subjective and physiological experi-
ence leading to non-significant differences to the
no-touch conditions. In addition, it is possible that
requiring the participant to carry out the touch
might divert some of the participant’s attention
away from the stimuli and reflect in lower zygomati-
cus facial muscle site activity in those conditions com-
pared to the conditions where the participant is
passive.

It should be noted that the zygomaticus facial
muscle site responses in the receiving touch condition
were not significantly different to the presence and
the alone condition when viewing positive images.
Taking the alone condition as reference, the results
imply that receiving affiliative touch as well as social
presence do not increase positive affect expressed
in zygomaticus facial muscle activity in response to
positive affective images. In addition, it was expected
that negativity while viewing negative images would
decrease, as measured by corrugator facial muscle site
activity, when CT-afferent stimulation is taking place.
However, the corrugator facial muscle site responses
were not differentially affected by touch or presence
across the image valence categories. The lack of
receiving touch modulation aligns with a study
measuring zygomaticus and corrugator facial muscle
responses to facial emotional expressions including
tactile primes next to control conditions without
touch, which also did not find a touch modulation
of facial muscle responses using facial EMG
(Spape, Harjunen, & Ravaja, 2017). These authors
suggested that receiving touch does not have
immediate effects on affective processing but may
affect later and more cognitive processes, such as
interpretation and decision-making. It is possible
that later, more explicit, cognitive processes related
to affective stimulus processing are modulated by
touch.

Indeed, receiving arm caresses from another
person during the exposure to negative affective
stimuli led to less negative subjective evaluations of
affective images after stimulus offset (Wingenbach
et al, 2019). If this finding translated to corrugator
muscle responses, the activity should have been
lowered in the receiving touch condition. This is par-
ticularly valid to assume, as the corrugator facial
muscle site has been shown to inversely reflect per-
ceived subjective pleasantness of received CT-
afferent stimulating touch, though, in the absence
of affective stimuli (see Mayo et al,, 2018; Ree et al,,
2020). Given the corrugator facial muscle site activity
varied for the affective image categories but not
within stimulus valence categories, it seems that
touch and presence manipulations do not modulate
corrugator facial muscle responses when viewing
affective images. It can be concluded that touch
differentially affects various processing stages of
affective images. Future research should apply touch
after affective stimuli viewing, i.e. during obtaining
explicit evaluations, to shed more light on the matter.



Corrugator facial muscle site activity was, indepen-
dent of image valence, enhanced when participants
caressed the forearm of a stranger compared to all
other conditions. As mentioned above, it is possible
that the caressing action added another attention-
requiring element to the experiment. As attention
engages the corrugator muscle (Cohen et al., 1992),
this explanation does align with the results. Alterna-
tively, participants may have experienced some nega-
tive affect from touching a stranger which reflected in
amplified corrugator activity. Future research should
investigate effects on the corrugator facial muscle
site when touch is applied to a friend or partner vs
strangers. In addition, an experimental condition
where only touch is applied without the presentation
of stimuli could help differentiate facial muscle
responses related to the stimuli from the touch itself.

It should be noted that this study was conducted
on female participants with female experimenters,
all with heterosexual orientation, and it is, therefore,
possible that the results do not generalise to all
genders, gender pairs, and sexual orientations. Like-
wise, the sample did not reflect the general popu-
lation on characteristics, such as age and education.
However, it is unlikely that these characteristics
would alter the results, as CT-afferent stimulation
takes effect on a basic level not involving cognitive
processing that would be influenced by education,
age, or gender. It is possible, though, that the
results change when pairs of potential attraction
are created, which should be investigated by future
research. Due to the touch having been provided
by humans with their palm as opposed to a
machine, it cannot get excluded that some variation
in the stroking occurred between participants. It may
further be possible that also other types of touch
would show similar effects, as we only investigated
stroking at CT-afferent optimal stimulation with the
palm.

In sum, the current study showed that zygomati-
cus facial muscle site responses can be dampened
during viewing of positive affective images when
affiliative touch is provided to a stranger or to
oneself. Providing touch to a stranger generally
seems to reflect in heightened corrugator facial
muscle site activation when viewing affective
images. Receiving CT-afferent stimulating forearm
caresses does not seem to modulate affective
responses in either facial muscle site during the
viewing of affective images but seems to affect
later cognitive processes.
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