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Abstract

Background: Embodied models of social cognition argue that others’ affective
states are processed by re-enacting a sensory-specific representation of the same state
in the observer. However, neuroimaging studies suggest that a reliable part of the
representation shared between self and others is supramodal and relates to dimen-
sions such as unpleasantness or arousal, common to qualitatively different experi-
ences. Here we investigated whether representations of first-hand pain and disgust
influenced the subsequent evaluation of facial expressions in modality-specific fash-
ion, or in terms of unpleasantness or arousal.

Methods: Thirty volunteers were subjected to thermal painful and olfactory disgust-
ing events, and subsequently were asked to classify computer-generated faces ex-
pressing pain (characterized by high unpleasantness and arousal), disgust (high
unpleasantness and low arousal), surprise (low unpleasantness and high arousal) and
hybrid combinations thereof.

Results: Thermal and olfactory events were associated with comparable unpleasant-
ness ratings and heart rate (but stronger galvanic response was found for painful
temperatures). Furthermore, we found that the appraisal of facial expressions was
biased by the prior stimulus, with more frequent pain classifications following ther-
mal stimuli, and more frequent disgust classifications following olfactory stimuli.
Critically, this modulation was cross-modal in nature, as each first-hand stimulation
influenced in comparable fashion facial traits diagnostic of both pain and disgust,
without instead generalizing to features of surprise.

Conclusion: Overall, these data support the presence of shared coding between one's
aversive experiences and the appraisal of others’ facial responses, which is best de-
scribable as supramodal representation of the unpleasantness of the experience.
Significance: These results extend previous findings about common representational
coding between the experience of first-hand and others’ pain. In particular, they
highlight that reliable part of the information shared is supramodal in nature and re-
lates to a broad dimension of unpleasantness common also to painless aversive states

such as disgust.
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INTRODUCTION

How we understand the sufferance of others is a central but
still unresolved issue in cognitive and affective sciences. One
influential model suggests that this might be achieved by
simulating the same experience on one's body. Consistently,
many researches showed that the pain felt on oneself and ob-
served in others can exert mutual influence, with sensitivity
to noxious stimuli being enhanced by previous/concurrent
exposure to facial expressions of pain and vice versa (Coll,
Budell, Rainville, Decety, & Jackson, 2012; Godinho et al.,
2012; Mailhot, Vachon-Presseau, Jackson, & Rainville, 2012;
Reicherts, Gerdes, Pauli, & Wieser, 2013; Vachon-Presseau
et al., 2011; Wieser, Gerdes, Reicherts, & Pauli, 2014).
Furthermore, displaying injured limbs diminishes the muscu-
lar reactivity in homologous portions of the observers’ body
(Avenanti, Bueti, Galati, & Aglioti, 2005). Additionally, an-
algesic manipulations allegedly affecting the opioid system
have been also shown to desensitize individuals to others’
sufferance (Braboszcz, Brandao-Farinelli, & Vuilleumier,
2017; Mischkowski, Crocker, & Way, 2016; Riitgen et al.,
2015). Overall, these studies converge with embodied ac-
counts of social cognition, by suggesting that sensory-spe-
cific properties of one's painful experience are instrumental
for appraising others’ sufferance.

Embodied accounts have also been investigated through
functional neuroimaging, with consistent evidence that ob-
serving others’ pain recruits a neural network—including the
cingulate cortex and insula—held to mediate first-hand no-
ciception (“shared” network, Corradi-Dell' Acqua, Hofstetter,
& Vuilleumier, 2011; Lamm, Decety, & Singer, 2011; Singer
et al., 2004; but see Krishnan et al., 2016). Interestingly, the
same ‘“shared” network has been implicated frequently also
in painless events, such as disgust, unfair treatments, risk-
taking and error monitoring. (Corradi-Dell'Acqua, Tusche,
Vuilleumier, & Singer, 2016; Klein et al., 2007; Preuschoff,
Bossaerts, & Quartz, 2006; Sharvit, Corradi-Dell'Acqua, &
Vuilleumier, 2018; Wicker et al., 2003). Furthermore, pa-
tients with congenital insensitivity to pain, who lack aching
experiences in their own body, still show activations in the
insular—cingulate cortex to the sight of others’ injuries, thus
opening the question on the information coded in these re-
gions (Danziger, Faillenot, & Peyron, 2009). Hence, it is pos-
sible that previous researches investigating embodied pain
processing might have instead tapped a representation of su-
pramodal dimensions such as unpleasantness or arousal (see
also, Iannetti & Mouraux, 2010).

In this study, participants underwent thermal (painful)
and olfactory (disgusting) stimulations, and subsequently
classified facial expressions of pain and disgust (both char-
acterized by high unpleasantness), surprise (characterized by
high arousal) and control stimuli. We expected that individ-
uals would be biased in the evaluation of facial information

matching the prior first-hand experience. The critical question
is whether this information is modality-specific or supramodal
and, in the latter case, whether it is describable in terms of un-
pleasantness or arousal. If individuals use modality-specific
information to process others, their prior experience should
influence only the appraisal of expressions conveying the
same state (pain expressions following thermal painful stimu-
lation). If, however, individuals use supramodal information,
their prior experience should influence the appraisal of any fa-
cial expression conveying the same information. Specifically,
if thermal stimuli influence the appraisal of disgust expres-
sions, this would be evidence of supramodal coding of un-
pleasantness, whereas if they affect surprise expressions this
would be more consistent with a representation of arousal.

2 | METHODS

2.1 | Participants

Thirty students (10 women, mean age + standard deviation
[SD] 23.78 + 4.29 years old, range between 18 and 32) were
recruited for the present study through advertisements posted
at the University of Geneva. Two of them were subsequently
discarded from the overall analysis due to their low profi-
ciency in the classification of pure expressions (<50% accu-
racy; all remaining subjects >65%; see Experimental Set-up
for details). Thus, the overall population comprehended 28
participants (9 women; mean age + SD, 23.68 + 4.21 years
old, range between 18 and 32). None of them declared they
had been diagnosed with neurological or psychiatric disorder.
Furthermore, none of the participants showed signs of depres-
sion as assessed by the Beck Depression Inventory (average
score: 3.09 +2.45 SD, Beck, Ward, Mendelson, Mock, &
Erbaugh, 1961; Beck, Steer, & Carbin, 1988). Scores from the
State-Trait Anxiety Inventory revealed anxiety levels compa-
rable with the student population (State scale: 29.89 + 7.31,
range 21-47; Trait scale: 38.67 + 7.81, range 25-49, with
three participants scoring above the 90th percentile of the nor-
mative data from university students, Spielberger, Gorsuch,
Lushene, Vagg, & Jacobs, 1983). To maximize the likelihood
that the recruited participants were naive to the purpose of the
experiment, psychology and neuroscience students were ex-
cluded, as they might have learned about embodied accounts
for social cognition during their studies. All participants gave
their informed written consent and were remunerated for their
participation. The study was approved by the local ethical
committee and carried out in accordance with the Declaration
of Helsinki for experiments involving humans.

2.2 | Olfactory stimulation

Odours were provided by Firmenich, S.A. (Geneva) based
on previous evaluations (Antico, Guyon, Mohamed, &
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Corradi-Dell'Acqua, 2018; Chrea et al., 2009; Delplanque
et al., 2008; Sharvit et al., 2018; Sharvit, Vuilleumier,
Delplanque, & Corradi-Dell'Acqua, 2015). Isovaleric acid
(evocating dirty socks) and Scarymol (evocating sweat) were
diluted in a solution of odourless Dipropylene glycol at four
different concentrations (0.1%, 0.5%, 5% and 10%) and were
used to elicit different levels of disgust in the participants.
At the beginning of the experimental session, we conducted
a pleasantness-rating task to select, at the individual level,
two odours, expected to elicit low disgust (LD, rated about
~ —0.2 in a scale ranging from +5 [extremely pleasant] to
—4 [extremely unpleasant]), and high disgust (HD, rated
about ~ —3) (see Supporting Information Methods S1 for
more details). In addition, Ariana (evocating shampoo) was
presented with a concentration of 10% and was used to give
relief from disgusting odours and to avoid habituation ef-
fects. All odorants were stocked in liquid form in test tubes
and were delivered by a computer-controlled, multi-channel,
custom-built olfactometer to the participants’ nostrils via a
rubber mask. A constant air flow of 0.5 bars provided by the
olfactometer allowed this diffusion without contaminating
the next trial and without additional noise or tactile stimula-
tion in the nose (Ischer et al., 2014).

2.3 | Thermal stimulation

A computer-controlled thermal stimulator with an MRI-
compatible 25 X 50 mm fluid-cooled Peltier probe (MSA,
Thermotest) was placed at the left wrist of the participant
and delivered different thermal stimulations, ranging from
41 to 51°C. For each participant, we chose two different
temperatures that were expected to evoke two different
levels of pain, low pain (LP, rated about ~ —=0.2) and high
pain (HP, rated about ~ —3). Critically, the unpleasantness
of these two temperatures matched that of the two disgust-
ing odours selected for the same participant (see Supporting
Information Methods S1 for more details about the temper-
ature selection).

2.4 | Experimental set-up

24.1 | Facial stimuli

We created a database of expressions using a FACSGen
software that allows to freely customize the facial move-
ment in computerized avatars through the Facial Action
Coding System (Roesch et al., 2011). In particular, we
took the facial information of each state of interest from the
well-established Montreal Pain and Affective Face Clips
database (Simon, Craig, Gosselin, Belin, & Rainville,
2008; Simon, Craig, Miltner, & Rainville, 2006) which
contains 1-s videos of eight individuals (4 males) mim-
icking pain, disgust, surprise or neutral facial expressions
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(plus other states of no interest for our study). This da-
tabase has been validated on valence through a 9-point
Likert-Scale (—4 = clearly unpleasant, +4 = clearly pleas-
ant) and arousal (—4 = highly relaxed, +4 = high level of
arousal) in a previous study (Simon et al., 2008). Within
this validation, pain and disgust expressions were rated
as the most negative (pain: mean —2.88 [SEM 0.17]; dis-
gust: —2.61 [0.16]), as opposed to the others (surprise: 0.26
[0.14]; neutral: —0.08 [0.06]). Instead, pain and surprise
were rated as most arousing (pain: 2.14 [0.23]; surprise:
1.51 [0.34]) as opposed to disgust (0.98 [0.29]) and es-
pecially neutral expressions (—1.20 [0.37]). Furthermore,
pain and disgust expressions are characterized by similar
engagement of facial action units (AUs) responses at the
level of the brow lower (AU 4), check raiser (AU 6), nose
wrinkle (AU 9) and upper lip raiser (AU 10). Instead, pain
and surprise share similar engagement of the mouth aper-
ture (AU 25). Disgust and surprise share no similar facial
movements (Simon et al., 2008).

These video-clips were fed to the Computer Expression
Recognition Toolbox (CERT) (Littlewort et al., 2011)
which runs automated frame-by-frame analysis of facial
AUs responses. This software estimates the likelihood of
facial contraction in 20 predefined AUs through the com-
bination of Gabor wavelet decomposition and support
vector machine (SVM) classification. For each AU, and
for each video-frame, CERT provides the distance of the
extracted data vector from a SVM hyperplane discrimi-
nating whether or not a facial response occurred. In order
to recode this outcome in a measure reflective of actual
movement, we averaged AU data across the eight actors
and considered values from neutral expressions as base-
line for the other three states. This led, for each affective
expression (pain, disgust and surprise), to 20 differential
AU values, all of which were then used for the creation of
templates of facial contractions that were imported in the
FACSGen software.

We then created a database of 160 images, characterized
by 16 facial identities (8 males) each associated with 10 dif-
ferent expressions: four were “pure” expressions, fully pain-
ful, disgusted, surprised and neutral (the last characterized
by the absence of any AU response); the remaining six were
“hybrid” expressions, resulting from the weighted mean be-
tween each combination of two pure states (Pain vs. Neutral;
Disgust vs. Neutral; Surprise vs. Neutral; Pain vs. Disgust;
Pain vs. Surprise; Disgust vs. Surprise). In particular, each
hybrid stimulus was created through ad hoc weightings (e.g.,
Pain vs. Disgust: 0.35-0.65), to insure that it was as much
ambiguous as possible, and that one state was not more eas-
ily detectable than the other. The specific weightings and the
templates used were validated through an independent pop-
ulation of 20 subjects. Please see Supporting Information
Methods S2 for more details.
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24.2 | Task design

Participants were told that for the majority of trials they were
going to first receive an olfactory or thermal stimulation and
then to watch and classify facial expressions (classification
trials), while for the remaining trials they were going to only
receive the olfactory or thermal stimulation and to rate its
level of unpleasantness (reference trials). More specifically,
the task was organized into two blocks, each comprising of
80 Classification trials and 20 Reference trials, all presented
in pseudo-random order, constrained in such way to prevent
more than three subsequent HP or HD stimulations.

Each classification trial started with a fixation cross pre-
sented on the screen for 0.8 s, followed by a 1.5-s visual cue
showing a human nose or an arm. These stimuli were taken
from the revised Snodgrass object pictorial data set (Rossion
& Pourtois, 2004) and informed about the following olfac-
tory or thermal stimulation. In particular, nose cues predicted
either LD or HD olfactory stimulations, whereas arm cues
predicted either LP or HP thermal stimulations (Antico et
al., 2018). Next, thermal and olfactory stimuli were delivered
consistently with an instructed-sniff paradigm (Antico et al.,
2018; Delplanque et al., 2009; Sharvit et al., 2018, 2015):
Participants were instructed to “Breathe-out” during the
numerical countdown of 3 s, and subsequently to “Breathe-
in” during the stimulation's delivery, regardless of whether

this was painful or disgusting. Both olfactory and thermal
stimulations lasted 2 s, although for thermal stimuli addi-
tional 3 s were necessary to reach the plateau temperature.
Subsequently, we displayed a face for 500 ms. At the bottom
of the screen, we indicated the four response options, namely
“NEUTRAL,” “PAIN,” “DISGUST” and “SURPRISE.”
Participants were asked to respond as accurately as possible
with no limit of response time with “1,” “2,” “3” or “4” keys
of the keyboard. Inter-trial interval lasted 4 s. Finally, a 1 s
fixation cross appeared on the screen before the start of the
next trial (see Figure 1).

During the reference trials, only olfactory and thermal
stimulations were delivered with no facial stimuli presenta-
tion, and participants had to rate its level of unpleasantness
on a visual analogue ‘scale (VAS) ranging from “extremely
pleasant” to “extremely unpleasant.” Participants had no
limit of time for delivering a response with directional keys
of the keyboard, which was subsequently recoded as a scalar
ranging from +5 to —5. In total, the study had 160 classifica-
tion trials and 40 reference trials.

243 | Procedure

Participants listened to the instructions and signed the con-
sent form. Once participants were seated in the lab-chair[fj
in front of a computer screen, they were connected to the

Time *
Fixation cross
08s =
Cue «Breathe-out »
15s 3,2,1
Countdown
3s
Stimulus
(pain or disgust)
2s
Facial expression Neutral?
05s Pain?
Disgust?
; . Surprise?
Face classification
No time limit
FIGURE 1 Trial structure. Each trial started with a fixation cross presented on the screen for 0.8 s, followed by a 1.5-s visual cue showing

a human nose or an arm. Subsequently, one pictorial cue was presented for 1.5 s, predicting only the modality of the upcoming stimulus (thermal

or olfactory). Participants were instructed to “breathe-out” during a 3-s countdown and then to “breathe-in” during the stimulus delivery—which

could be either olfactory or thermal, consistently with the previous cue. All stimuli lasted 2 s (additional 3 s were necessary for thermal stimuli to

reach the target temperature). Next, a face appeared for 500 ms and at the bottom of the screen the four response options, namely “Neutral,” “Pain,’

“Disgust” and “Surprise.” Finally, an inter-trial interval lasted 4 s

s
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olfactometer and thermode and carried out stimuli pre-selec-
tion sessions as described in Supporting Information Methods
S1. Subsequently, participants went through the main ex-
perimental session (two blocks of about 30 min each, with
a pause of about 5 min in between). The entire experimen-
tal procedure lasted about 2 hr. Before and after the experi-
ment, participants were asked to fill the State-Trait Anxiety
Inventory (State score, 20 items, Spielberger et al., 1983) to
assess changes in transitory level of anxiety due to the ma-
nipulation. At home, participants filled two questionnaires:
the Beck Depression Inventory (BDI, 13 items, Beck et al.,
1961) and the State-Trait Anxiety Inventory (Trait score, 20
items, Spielberger et al., 1983) to assess, respectively, their
level of depression and stable aspects of anxiety proneness
(Julian, 2011).

2.5 | Data analysis

2.5.1 | Thermal and olfactory stimulations

For each subject, we calculated the median value of each
kind of stimulus in the Reference Trials and fed it on a re-
peated-measures analysis of variance (ANOVA) with
Unpleasantness (high vs. low) and Modality (thermal vs. ol-
factory) as factors. The analysis was conducted with R 3.4.3
freeware software (https://cran.r-project.org/).

252 |

We first focused on participants’ ability to discriminate
B pure facial expressions. For this measure, the accuracy rate
associated with each condition and the median Response
Times for correct responses were fed into a repeated-
measures ANOVA with Unpleasantness (high vs. low),
Modality (thermal vs. olfactory) and Expression (Neutral,
Pain, Disgust and Surprise) as factors. Significant effects
associated with Expression were further explored with post
hoc paired-sample ¢ tests. We also conducted an analysis
of the errors associated with the most difficult expressions.
Hence, for each subject, and for each expression of interest,
we calculated the sum of each kind of erroneous labelling
(e.g. the frequency with which pain expressions were mis-
classified as “neutral,” “disgust” or “surprise”). Friedman
rank sum test was used to assess whether each expression
was more misclassified with one label with respect to the
other three. Instead, Wilcoxon sign rank test was used to
assess whether specific errors were modulated by the pre-
ceding stimulation.

Similar analyses were run for the hybrid expressions. For
Response Times, we took the median value associated on
each condition and fed it to a repeated-measures ANOVA
with Unpleasantness (high vs. low), Modality (thermal vs.
olfactory) and Expression (Pain-Neutral, Disgust-Neutral,

Face classification
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Surprise-Neutral, Pain-Disgust, Pain-Surprise, Disgust-
Surprise) as factors. As these faces are not associated with a[d
clear correct/incorrect answer, the ANOVA was run on all
trials. As for the response analysis, we ran the same non-para-
metric tests used in the analysis of pure classification, with
the Wilcoxon sign rank test for pairwise comparisons, and the
Friedman rank sum test for analysis of multiple levels factors.
Non-parametrical analysis was run using the coin package of
R 3.4.3 software. Effect sizes were reported as partial eta-

squared (;1;) for ANOVAs, as Cohen's d= ﬁ for t tests. As

for non-parametric tests, to our knowledge no effect size mea-
sure is available with Friedman rank sum tests, whereas we
calculated r= ﬁ for pairwise Wilcoxon sign rank tests.

2.5.3 | Physiological responses

In keeping with our previous studies (Antico et al., 2018;
Sharvit et al., 2015), we recorded electrodermal, cardiac and
respiratory activity associated with thermal and olfactory
stimulations. These measures allowed to gather a more com-
prehensive measure of the responses associated with thermal
and olfactory stimulations (on top of explicit ratings) and to
monitor participants’ inspirations activity during the delivery
of odorants. Physiological responses were acquired using the
MP150 Biopac Systems (Santa Barbara, CA) with a 1,000 Hz
sampling rate, which could reveal also effects of more im-
plicit nature. To measure the electrodermal activity, Beckman
Ag-Agcl electrodes (8 mm diameter active area) were filled
with an isotonic, 0.05 molar NaCl, electrode paste and placed
on the left hand of the participant on the palmar side of the
middle phalanges of the second and the third fingers. We fil-
tered the signal with a low-pass filter of 1 Hz and high-pass
filter of 0.005 Hz. Cardiac activity was assessed by fixing
the Biopac pre-gelled disposable electrodes under the par-
ticipants’ right clavicle and on the left waist. We filtered the
signal with a band-pass filter (between 10-30 Hz), detected
offline electrocardiographic R waves and then converted in-
tervals between heartbeats into heart rate (HR), expressed
in beats per minute. Finally, nose respiration was measured
through a 2.5 mm tube (interior diameter) that was positioned
at the entrance of the participant's right nostril. This tube was
added to the mask used to deliver the odours, and it was
connected to a differential pressure transducer (TSD160A;
+2.5 cm H,0 sensitivity range). Within this system, positive
values refer to inspiration, whereas negative values refer to
expiration. This allowed to record continuously variations in
the nostril airflow and to determine nose breathing patterns
across different stimulus conditions. This signal was filtered
with a low-pass filter of 10 Hz.

For each subject, the time course of each physiological
measure was z-transformed, down-sampled to 10 Hz and
fed into a first level analysis using the general linear model
(GLM) framework as implemented in PsPM 3.0.2 (Bach,
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Friston, & Dolan, 2013) (http://pspm.sourceforge.net). More
specifically, physiological responses associated with ther-
mal and olfactory stimulations were modelled using a finite
impulse response (FIR) basis function, which poses no a
priori assumption on the properties of the event-related re-
sponse (see also, Antico et al., 2018; Qiao-Tasserit, Corradi-
Dell'Acqua, & Vuilleumier, 2018). In particular, for each
kind of stimulus (LD, HD, LP & HD), we modelled the re-
sponse from the onset of the inspiration countdown (after the
cue presentation) with 20 bins of 1 s each, covering the 3-s
countdown, and the subsequent 17 s in which stimuli were
delivered and rated.

At the group level, for each measure, the parameter es-
timates (fs) from thermal and olfactory stimulations were
fed into a repeated-measures ANOVA with Unpleasantness
(low vs. high), Modality (thermal vs. olfactory) and Time
(from —3 to +17) as fixed factors. Significant effects associ-
ated with factor Time were investigated in exploratory fash-
ion with post hoc paired-sample ¢ tests run on each time-bin
separately.

3 | RESULTS

Following the experiment, participants exhibited a mild in-
crease in transitory levels of anxiety, as assessed through the
S-score of the STAI questionnaire (post vs. pre difference
+3.54 £ 7.26, 1,7 = 2.57, p = 0.016, d = 0.50).

31 |

The analysis of the pleasantness ratings associated with ther-
mal and olfactory stimuli (from the Reference trials) revealed
a significant main effect of Unpleasantness (/] ,; = 124.00,

Thermal and olfactory stimulations

p <0.001, n§=0.82), with lower pleasantness associated

with painful and disgusting stimuli as compared with neutral
controls (see Figure 2a). Furthermore, the main effect of
Modality (F;=0.12, p=0.984,, ;112) =0.004) and an

Unpleasantness*Modality interaction (Fy 7 =370,
p =0.064, 11§=O.12) were not found to be significant.

Finally, planned paired-sample ¢ test revealed no difference
in unpleasantness between painful (unpleasant thermal) and
disgusting (unpleasant olfactory) events (7, = 0.56,
p=0.579,d=0.11).

We analysed electrodermal and cardiac responses to ther-
mal and olfactory stimuli, regardless of whether these involved
Reference Trials, or facial classification events. This should
allow an unbiased estimate of the overall event-related re-
sponse, regardless of any confound of the subsequent facial
expressions (see Methods). Electrodermal responses revealed
significant main effects of Unpleasantness (F),; =791,
p =0.009, '15 =0.23), Modality (F)y; =447, p=0.044,

72=0.14) and Time (Fjo53=7.42, p <0.001, r?=021).

Furthermore, the interactions Unpleasantness*Modality
(Fy7=19.53, p<0.001, ng =0.42), Unpleasantness*Time

(Fi9513 =950, ~p<0.001, 115 =0.26), Modality*Time
(F9513=15.69, p <0.001, ’75 =0.17)and Unpleasantness*
Modality*Time (F95,; = 10.82, p < 0.001, n; =0.29) were

also found to be significant. We explored these interactions
through paired-sample 7 tests testing effects of unpleasantness
in each modality and each time-bin. For thermal-evoked activ-
ity, we found increased response to unpleasantness only after
4s from the stimulus onset (5,7 >2.14, ps <0.042,
ds > 0.40), whereas this was not the case for earlier time-bins
(ts27) £ —0.03, not significant [n.s.], ds < 0.01). For olfactory-
evoked activity, we found no increased response to unpleasant-
ness in any time-bin (ts@a7) < 0.68, ps > 0.495, ds < 0.13, see
Figure 2a).

Thermal Olfactory
| == O-- Neutral
L ! —&—Unpleasant
éi‘ *H | P TR .
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"P008800  PRegg Y I ITTesss0ee
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< 33T
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)
&
0 ;
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£
=37 [ I Neutral
I Unpleasant
-} -1
Thermal Olfactory

-2 0 2 4 6 8 10 12 14 16
Peri-stimulus time interval (s)

-2 0 2 4 6 8 10 12 14 16
Peri-stimulus time interval (s)

FIGURE 2 Thermal and Olfactory responses. (a) Average pleasantness ratings associated with thermal (red bars) and olfactory (green bars)
reference trials. Full-colour bars refer to unpleasant events (painful/disgusting) whereas striped columns refer to neutral controls. (b) Electrodermal
(higher subplot) and cardiac (lower subplot) responses associated with thermal (red lines) and olfactory (green lines) stimuli (full dataset). Full
circles refer to unpleasant events, whereas empty circles refer to neutral controls. Physiological responses are plotted within a time-window of 20 s,
from the 3 s preceding the stimulus onsets (corresponding to the countdown—see methods), to 17 s following the presentation of the stimulus.
Error bars refer to bootstrap-based 95% confidence intervals. “*” and horizontal yellow bars refer to time-bins associated with higher signal for

Unpleasant > Neutral even at 7,7, > 2.05, corresponding to p < 0.05
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Cardiac responses revealed instead significant main ef-
fects of Unpleasantness (F; ,; = 8.24, p = 0.008, ’13 =0.23)

and Time (Fg 5,3 = 23.66, p < 0.001, ’75 = 0.47), as well as

a significant Unpleasantness*Time interaction
(F19513 = 6.26, p < 0.001, ’73 = 0.19). No significant main/

interaction effects were associated with the factor Modality
(Fs £3.16, ps 2 0.08, rlg < 0.11). Paired-sample ¢ tests re-

vealed increased cardiac responses to Unpleasantness be-
tween 5 and 11 s from the onsets of the thermal event
(tsa7y = 2.13, ps £0.043, ds > 0.40) and between 7 and
14 s from the onset of the olfactory stimulus (5,7, > 2.13,
ps £0.042, ds>0.40). No cardiac increase to
Unpleasantness was observed in other time-bins
(tsoyy < 1.92, ps >0.066, ds<0.36; see Figure 2a).
Supporting Information Results S1 reports also data from
Respiration volume, which confirms that participants fol-
lowed the “breathe-in” instruction, with slight decreased
inspiratory activity for disgusting odours (see Supporting
Information Results S1; see also, Sharvit et al., 2015;
Sharvit et al., 2018).

Supporting Information Results (Supporting Information
Results S2) describe subsequent analysis investigating the
role of Participants’ Gender in the sensitivity to thermal/olfac-
tory stimuli. Analysis of Ratings and electrodermal response
is suggesting stronger sensitivity of male (but not females)
subjects to thermal (relative to olfactory) stimulations. This
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seems at odds with previous studies suggesting higher pain
sensitivity in females (relative to males) (Bartley & Fillingim,
2013; Fillingim, King, Ribeiro-Dasilva, Rahim-Williams, &
Riley, 2009; Mattos Feij6 et al., 2018), although the unequal
and small size of each gender group and the uniqueness of
our design might suggest caution in interpreting these effects
(e.g., temperatures were not selected exclusively on individ-
ual pain thresholds, but also to the extent they were similarly
unpleasant with the associated odorants).

32 |

As a first step, we assessed how individuals’ proficiency at
classifying pure facial expressions was affected by the preced-
ing stimulation. A repeated-measures ANOVA run on both ac-
curacy rates and response time of correct responses revealed a
main effect of Expression (Accuracy: F3g; = 13.54, p < 0.001,
r]; =0.33; “Response Times: F3g =24.54, p<0.001,

113 = 0.48), most likely reflecting an overall difficulty at pro-

Classification of pure facial expressions

cessing pain and disgust faces (Figure 3a,b), and a
Modality*Expression interaction (Accuracy: Fjg = 3.46,
p=0.020, ng =0.11; Response Times: F;g =4.68,

p =0.0248, 11}2) =0.15). No other main effect/interaction was
found to be significant (Fs < 2.83, ps > 0.104, ;15 <0.09). We

further inspected the interaction by running four paired-sample
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FIGURE 3 Classification of pure facial expressions. (a, b) Average response times and accuracy rates associated with each of the four
expressions. (c) Errors analysis: for disgusting (left subplot) and painful (right subplot) expressions, the average amount of instances in which

@l cach kind of error occurred. Red bars refer to performance following thermal stimuli, whereas green bars refer to performance following olfactory
stimuli. Error bars refer to bootstrap-based 95% confidence intervals. Significant effect of modality are also displayed at “p <0.05, p (I-tailed)

<0.05
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t tests probing for modality differences in each of the four ex-
pressions. Data from both Accuracy and Response Times con-
verge in showing that facial responses of pain were more easily
processed if following a thermal (vs. olfactory) stimulus
(Accuracy: ton = 1.92 p (I-tailed) =0.030, d=0.36;
Response Times: 7,7 = —2.40, p=0.024, d = —0.45). This
was not the case for the other expressions (ltsl7) < 1.63,
ps > 0.114, ds <0.31), although visual inspection of Figure
3a,b might be suggestive an opposite trend for disgust.

We also ran an error analysis using non-parametrical ap-
proaches, to ascertain whether low proficiency observed for
pain and disgust expressions reflected systematic misclas-
sifications with another label, and whether this misclassifi-
cation was in turn modulated by the preceding stimulation.
For both pain and disgust expressions, we found a main ef-
fect of label (Friedman rank sum test for Pain: ;(2(2) =17.63,
p < 0.001; Disgust: ;(2(2) =24.59, p <0.001), reflecting
more frequent cases in which pain and disgust were con-
fused with one another, then with either neutral or surprise.
Furthermore, the amount of times in which pain and dis-
gust were confused with one another was modulated by
the preceding stimulus modality, with disgust expressions
misclassified as painful more frequently after thermal
(vs. olfactory) stimuli (Wilcoxon sign rank test: Z = 2.25,
p =0.023, r=0.42), and pain expressions misclassified
as disgust marginally more frequently after olfactory (vs.
thermal) stimuli (Z = 1.71, p (I-tailed) = 0.041, r = 0.32).
Erroneous classifications with neutral and surprise were not
modulated by the preceding stimulus modality (IZl < 0.43,
p > 0.937, r = 0.08—see Figure 3c).

Overall, these data suggest that the evaluation of oth-
ers’ pain and disgust is confounded by one's pre-existing
somatic state. Most importantly, both pain and disgust
expressions are equally influenced by the prior stimulus,
as the same expressions are classified as painful when fol-
lowing thermal stimuli, and as disgusting when following
olfactory events.
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It could be argued that somatic thermal/olfactory stimula-
tions do not ease the processing of facial expressions per se,
but rather facilitate the selection of compatible labels in fa-
cial expressions which are most ambiguous. Indeed, although
we did not find any Modality effect in neutral and surprise
faces, it could be argued that these expressions are classified
at ceiling, thus making them inadequate as control. For this
reason, we repeated the analysis above on fully ambiguous
facial expressions which were hybrid combinations between
two states (see Methods).

A repeated-measures ANOVA run on participants’
Response Times in the classification of hybrid expressions re-
vealed significant main effects of Expression (F 135 = 14.02,

Classification of hybrid expressions

p <0.001, ’75 = 0.34) and Modality (¥, ,; =9.28, p = 0.005,
17; = 0.25; all other effects Fs <0.97, ps > 0.332, 113 =0.34).
As visible from Figure 4a, hybrid faces are overall slower at
being classified following thermal (vs. olfactory) stimulations
(especially in disgust—neutral [DN], and pain—disgust [PD]
hybrids). The various hybrid expressions were also classified
with different speed, with disgust-neutral (DN) faces being
the most rapidly processed (average =2.35 s) and pain—neu-
tral (PN) the most slow (3.20 s). Overall, these response times
are comparable, if not larger, to those associated with pure
expressions of pain and disgust as shown in Figure 3a.

Table 1 reports how each hybrid was classified in terms
of the four possible options. We then assessed whether pre-
ceding stimulation modalities influenced the actual clas-
sification, by altering the frequency in which one specific
choice occurred. We ran an exploratory analysis, testing for
each hybrid expression whether each response classification
was differentially influenced by the Modality of the previous
stimulus. Results are displayed in Figure 4b in matrix format.
Overall, pain—disgust (PD) hybrid was the most influenced
by the previous stimulation, with more frequent pain re-
sponses following thermal stimuli, and most frequent disgust
responses following olfactory stimuli (Wilcoxon sign rank
test: IZI > 3.25, p < 0.0007, r = 0.61). Importantly, these ef-
fects on PD hybrids survive Bonferroni correction of 24 [4
responses * 6 hybrid expressions] independent tests (critical
p =0.0021). Similar effects were observed also for pain—
surprise (PS) and disgust—surprise (DS) hybrids (1Z > 1.99,
p < 0.050, uncorrected, » = 0.38). Hybrids involving neutral
expression were never found associated with a significant ef-
fect of modality.

We then assessed whether the modality—modulation on
participants’ responses interacted with the expression. In
particular, for each subject, each response label, and each
hybrid face, the differential amount of responses follow-
ing thermal versus olfactory stimulations was calculated.
Friedman rank sum test revealed no change across the six
expressions of the modality effect in neutral or surprise
responses (I)(2|(5) <6.80, p >0.230). Instead, a signifi-
cant modulation was observed for both pain (;(2(5) =20.19,
p=0.001; see Figure 4c) and disgust responses
(;(2(5) = 15.23, p =0.009; see Figure 4d). Pairwise com-
parisons confirmed that the modality effect in both pain
and disgust responses was stronger for the Pain-Disgust
(PD) hybrids than for all other stimuli (pain responses:
Z>12.36,p <0.017, r = 0.45; disgust responses: Z > 2.32,
p < 0.020, r = 0.44). No effect was observed in any of the
other pairwise comparisons (pain responses: |Zl < 1.41,
p>0.171, r=0.27; disgust 17 <1.50,
p > 0.149, r = 0.28).

We then repeated the same exploratory analysis to as-
certain whether similar effects could be explained by the
preceding stimulation in terms of the Unpleasantness or the
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TABLE 1 Average classification rates . ) .
. . . . Neutral Pain Disgust Surprise

associated with 6 hybrid expressions

(bracket values refer to 95% confidence DN 12.18 (10.96, 0.61 (0.21, 1.36) 2.75 (2.00, 3.64) 0.21 (0.07, 0.46)

intervals) 13.18)
PN 4.57 (3.54,5.75)  2.00 (1.32, 3.14) 2.57 (1.75, 3.50) 6.00 (4.79, 7.25)
SN 7.50 (6.14,8.79)  0.36 (0.18, 0.64) 0.29 (0.11, 0.54) 7.46 (6.14, 8.68)

E PD 0.25 (0.11,0.05)  6.04 (4.86, 7.39) 9.18 (7.68, 10.5) 0.14 (0.04, 0.39)

PS 0.21 (0.07,0.39)  5.61 (4.50, 7.04) 1.93 (1.25,2.75) 7.79 (6.57,9.25)
DS 2.54 (1.68,3.76)  1.96 (1.36, 2.96) 5.86 (4.68,7.11) 4.86 (3.82, 6.11)

Note. Grey cells refer to hybrid expressions used in the main experiment together with mean values correspond-
ing to the frequency of the chosen labels.

Unpleasantness*Modality interaction. None of the hybrid
expressions showed a significant modulation in any of the
response labels (1Z] <2.00, p > 0.053, r=0.38). The only
exception was the hybrid PN, which was associated with less
“Pain” responses following unpleasant (relative to neutral)
events (Z = —-2.58, p =0.012, r = —0.49).

Overall, these data confirm that the evaluation of others’
pain and disgust is influenced by the prior stimulus, even
when the information is ambiguous. Critically, we found
this effect in hybrid expressions that contain pain or disgust

information, especially in pain—disgust hybrid, with more
frequent pain responses following thermal stimuli, and most
frequent disgust responses following olfactory stimuli. Less
pronounced effect was found also in hybrids pain—surprise,
and disgust—surprise, but not with those involving neutral
expressions.

Supplementary Results (Supporting Information Results
S2) describe subsequent analyses investigating the role of
Participants’ Gender and Expressions’ Gender in the clas-
sification task. The findings suggest a role of Expressions’
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Gender, with male models eliciting faster response time
than females in specific expressions (e.g., disgust and sur-
prise), and eliciting more frequent pain classifications (and
consequent less surprise choices) in PS hybrids. Although
not always consistent with one another, these findings are
broadly in keeping with the literature, which suggests that
emotional and painful expressions are classified more effi-
ciently (Coll et al., 2012; Riva, Sacchi, Montali, & Frigerio,
2011; Simon et al., 2008) and evoked enhanced hemody-
namic response (Simon et al., 2006), if conveyed by males
(as opposed to female) models. It should be mentioned,
however, that our original design involved four repeti-
tions per condition (16 avatars, partitioned to four kinds of
stimulations). Analysing the further effect of Expressions’
Gender required additional data partitioning, leading to
only two repetitions per condition. Hence, caution should
be used in interpreting these findings.

4 | DISCUSSION

We investigated whether the appraisal of facial aversive
expressions is biased by prior exposure to first-hand ex-
perience of the same state. To this end, we subjected par-
ticipants to thermal (painful) and olfactory (disgusting)
stimulations, and subsequently asked them to classify facial
expressions of pain, disgust, surprise, neutral states and hy-
brid combinations thereof. We found that first-hand thermal
and olfactory experiences influenced the subsequent evalu-
ation of facial expressions, with thermal stimuli increasing
the amount of pain classifications, and olfactory events in-
creasing the amount of disgust classifications. This modu-
lation was found prevalently for those faces containing
traits diagnostic of pain and disgust (pure expressions and
pain—disgust hybrids), but did not generalize to the remain-
ing stimuli, including other hybrids purposefully designed
to be ambiguous. Whereas some expressions (neutral and
surprise, plus neutral-related hybrids) were unaffected by
the prior stimulation, others (pain—surprise and disgust—sur-
prise hybrids) showed an influence which was smaller than
that observed for pain—disgust combinations, as revealed by
interaction analysis.

4.1 | Effects of first-hand experiences on the
appraisal of facial expressions

Extended literature has proven that the appraisal of others’
facial expressions can influence, and is influenced by, first-
hand experiences of the same state. For instance, expos-
ing individuals to emotionally valenced videos is known
to affect subsequent processing of ambiguous expressions,
with induced happiness, anger or sadness enhancing one's
sensitivity towards facial traits diagnostic of homologous

states (Niedenthal, Brauer, Halberstadt, & Innes-Ker,
2001; Qiao-Tasserit et al., 2017). A similar effect has
been described also in the domain of pain, with noxious
events enhancing the sensitivity to facial expressions of
pain and vice versa (Coll et al., 2012; Godinho et al., 2012;
Reicherts et al., 2013; Vachon-Presseau et al., 2011, see
also, Wieser et al., 2014, as a review). These findings are
reminiscent of the results from sequential priming tasks,
where participants evaluate a target stimulus (e.g., facial
expression) while avoiding any influence of a previous
event (first-hand pain). Within this structure, unintentional
contagion is provided by the degree to which participants
mistakenly evaluate the to-be-ignored event at the expense
of the target (Cameron, Spring, & Todd, 2017). However,
it is unclear whether such unintentional contagion influ-
ences specifically the appraisal of others’ pain or general-
izes to stimuli conveying also painless states. The former
case would reflect the engagement of a pain-specific rep-
resentation shared between oneself and others, whereas
the latter case would reflect a supramodal coding shared
between different states. Unfortunately, the literature does
not provide clear answer, as first-hand pain seems to de-
crease sensitivity to positive expressions, but at the same
time exerts unsystematic effects on negative states like
fear or anger, with some studies proposing exacerbation,
whereas other a lack of influence (Gerdes, Wieser, Alpers,
Strack, & Pauli, 2012; Reicherts et al., 2013; Wieser,
Gerdes, Greiner, Reicherts, & Pauli, 2012, see also Wieser
et al., 2014, as review).

A potential confound could lie in the fact that, whereas
affective states are usually treated as qualitatively distinct
entities, muscular changes in the face occur along continu-
ous dimensions, and consequently, the expressions used as
stimuli are often only characterized by subtle configurational
changes. For instance, in the most commonly used stimuli
databases (Goeleven, Raedt, Leyman, & Verschuere, 2008;
Simon et al., 2008), fear and anger are depicted through con-
tractions at the level of the frown that underlie also pain. In
this perspective, it is possible that nociception induces un-
intentional contagion whenever participants are confronted
with facial traits which are potentially diagnostic of pain, but
could be observed in less pronounced/systematic fashion also
in other states. Our results provide evidence in this direction,
as they reveal that first-hand thermal stimulations influence
the appraisal of both pain and disgust faces, but not surprise
(unless combined with pain or disgust). Furthermore, the
same expressions are influenced in opposite (but compara-
ble in magnitude) direction by first-hand olfactory stimula-
tions. Hence, both first-hand thermal and olfactory events
lead to unintentional contagion towards facial traits which
characterize both pain and disgust, highlighting a major role
played by a supramodal coding common between these two
experiences.
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4.2 | Common coding between
pain and disgust

Our findings are in keeping with recent neuroimaging
research suggesting that first-hand and others’ aversive
experiences evoke shared activity patterns in insular and
cingulate cortex, which code for supramodal proper-
ties common to pain, disgust and even unfair treatments
(Corradi-Dell'Acqua et al., 2016). However, the nature of
these supramodal coding is still unclear. Provided that, in
the present study, thermal and olfactory stimuli were cali-
brated individually in terms of unpleasantness, it is highly
plausible that the cross-modal effect observed reflects
such dimension. Alternative interpretations are possible
(at least in principle), under the assumption that matched
unpleasantness would indirectly lead to comparable levels
also in other affective components, such as arousal. We be-
lieve this conjecture to be unlikely. Indeed, in a previous
study employing the same unpleasantness—calibration ap-
proach, pain was associated with stronger levels of self-re-
ported fear and anxiety than disgust (Sharvit et al., 2015).
Likewise, in both present and earlier studies, electroder-
mal responses to pain were much stronger than those as-
sociated with comparably unpleasant disgust (Antico et al.,
2018; Sharvit et al., 2015). Hence, matched unpleasantness
does not necessarily imply similar levels in other facets of
the affective response, especially when considering meas-
ures like electrodermal activity that have been suggested
to reflect autonomic arousal (see Sharvit et al., 2015, for
a discussion on this issue). Most importantly, although in
the present study we did not measure arousal directly, we
believe that this dimension might not explain our results
in satisfactory way. Indeed, if the arousal evoked by ther-
mal events affected the appraisal of facial expressions, then
such influence should involve primarily faces of pain, sur-
prise and pain—surprise hybrids, something that we did not
see in the present research.

It should be noted that pain is a heterogeneous expe-
rience, which is characterized by an acute nociceptive
component, as well as by secondary affective responses as-
sociated with the appraisal of the context, the assessment
of actual or potential body damage, and the preparation of
potential coping responses (Price, 2000). Similar appraisal
levels can be observed also for chemosensory disgust,
although in this case individuals assess threats for ones’
health in terms of poisoning, intoxication, contamination or
disease (Rozin & Fallon, 1987; Rozin, Haidt, & McCauley,
1993). To our knowledge, no study systematically com-
pared pain and disgust in terms of contextual evaluation
(appraisal-based models of emotions never focused on
pain; Scherer, 2009); however, it is reasonable to conceive
that pain and disgust share, not only an intrinsic unpleas-
antness, but also an evaluation of potential risks for one's
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well-being, something that is not necessarily observed for
other negative states (e.g., sadness). This conjecture might
also explain why pain and disgust share such similarity
in face responses (Kunz, Peter, Huster, & Lautenbacher,
2013; Simon et al., 2008), as appraisal-based models of
emotions suggest that facial expressions might not reflect
the occurrence of a specific state, but rather the underlying
evaluation of the context in terms of predictability, impli-
cation for one's goals, ability to control potential outcomes,
etc. (Scherer, Mortillaro, Rotondi, Sergi, & Trznadel, 2018;
Sergi, Fiorentini, Trznadel, & Scherer, 2016). Future stud-
ies will need to compare systematically the appraisal lev-
els of pain with that associated with different emotional
states, in order to identify potential degrees of similarity
that might explain the cross-modal effect observed here.

4.3 | Limitations of the study and
conclusive remarks

Despite calibration efforts in making pain and disgust as
matched as possible, disgusting odours seem marginally (al-
though not-significantly) less unpleasant than painful tem-
peratures (see Results section). Discrepancies between the
experimental session and the calibration procedure could
be related to habituation, with sensitivity to given odorants
decreasing rapidly during the task. However, potential mo-
dality differences in unpleasantness do not undermine the
main result of the study that both pain and disgust influence
in comparable fashion (but opposite direction) the evalua-
tion of others’ facial expressions. Furthermore, first-hand
experiences influenced the appraisal of others’ states only in
terms of modality (temperature vs. odours), and not in terms
of unpleasantness*modality interaction (pain vs. disgust), as
would be expected. Hence, neutral thermal/olfactory events
contributed to the effects reported in this study, with no sta-
tistical difference from their unpleasant counterparts. This
might be partially influenced by the expectancy cue inform-
ing about the modality (but not the unpleasantness) of the
upcoming stimulation (as in Antico et al., 2018). It is possible
that bottom-up information about stimulation unpleasantness
was not sufficiently strong to affect individuals’ classifica-
tion of facial expressions, as it affected instead cardiac re-
sponses and explicit ratings in reference trials (Figure 2).
Future studies will need to disentangle expectancy- from
stimulus-related components of pain and disgust.

Notwithstanding these limitations, our study provides
clear evidence that the subjective experiences related to
pain and disgust influence the appraisal of those facial traits
common between the two states. These findings provide the
strong causal support to accounts suggesting that a reliable
part of the representation shared between oneself and others’
is supramodal in nature, possibly relating to unpleasantness
coding.
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