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Abstract

Listeners recover speakers’ emotional state by integrating information from emotional semantics and the prosody accom-
panying sentence production. However, little attention has been paid to how the processing of emotional semantics and
prosody is mediated by emotional dimensions (arousal and valence) and whether this relationship is mirrored at the
level of the autonomic nervous system. In the present study, we compared the effects of emotional semantics, emotional
prosody and their combination on behavioural responses and skin conductance responses (SCRs). Native French listeners
(N=77) judged the arousal and valence of utterances conveying emotions through semantics and/or prosody, while their
SCRs were recorded. Our behavioural findings showed that prosody was more effective than semantics in transmitting
emotional information to the listeners. Regarding SCRs, we found a significant effect of angry prosody in female listeners
only, independently of whether it was combined with emotional or neutral semantics. Our work provides evidence for the
perceptual saliency of emotional prosody and suggests a sex-based differentiation in emotional speech processing at the
autonomic level. Finally, our findings align with the idea of emotional speech processing as a multistage process involv-
ing various processing levels, some of which may be driven by the autonomic nervous system and mediated by specific
factors such as the emotional dimensions of stimuli and the sex of listeners.

Keywords Emotional prosody - Emotional semantics - Emotion processing - Peripheral responses

Introduction

In everyday life, listeners infer speakers’ emotions by inte-
grating multiple emotional cues. For instance, they rely on
the co-occurrent stream of semantic content (words or sen-
tences with emotional meaning, e.g., ‘I hate you’, ‘I won
the lottery’) and prosodic features (e.g., increase in funda-
mental frequency, speech rate and intensity) to identify the
speaker’s emotions. Integrating emotional semantics and
prosody is essential for accurate emotion recognition (e.g.,
Kotz & Paulmann, 2007; inter alia). Behavioural studies

P4 Francesca Carbone

f.carbone@kent.ac.uk

School of Psychology, University of Kent, Canterbury, UK
2 Aix-Marseille Univ, CNRS, LPL, Aix-en- Provence, France

Department of Philosophy, University of Zurich, Zurich,
Switzerland

Institute for the Interdisciplinary Study of Language
Evolution, University of Zurich, Zurich, Switzerland

Published online: 20 August 2025

consistently show that congruent combinations of emotional
semantics and prosody enhance both the speed and accuracy
of emotion recognition compared to when each cue is pre-
sented in isolation (Paulmann & Pell, 2011; Kotz & Paul-
mann, 2011; Ben-David et al., 2016; Filippi et al., 2017a;
Lin et al., 2020). Similarly, ERP studies have revealed a
neural processing advantage for congruent combinations of
emotional semantics and prosody over single cues (Kotz &
Paulmann, 2007; Paulmann & Kotz, 2008; Paulmann et al.,
2009).

In addition, past research has investigated the relative
contribution of semantic and prosodic cues to emotion pro-
cessing (Paulmann & Pell, 2011; Ben-David et al., 2016;
Filippi et al., 2017a; Lin et al., 2020, 2022). A growing body
of research suggests that prosody may override semantics
during emotion processing (Ben-David et al., 2016; Filippi
et al., 2017a; Lin et al., 2020, 2022). In an identification
Stroop task (Filippi et al., 2017a), listeners were presented
with incongruent combinations of emotional semantics and
prosody (e.g., a positively valenced word spoken with a
negatively valenced prosody, such as the word “Happy”
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spoken with sad prosody). Accuracy was higher when lis-
teners focused on prosody (while ignoring semantics) than
when focusing on semantics (while ignoring prosody), sug-
gesting difficulty in disregarding prosodic cues. The authors
interpreted these findings as evidence of the perceptual
salience of emotional prosody, which may capture listeners’
attention more effectively than emotional semantics (Filippi
etal., 2017a). These results are consistent with studies show-
ing that listeners can reliably infer speakers’ emotions from
prosody alone, even in the absence of meaningful seman-
tic content (e.g., in pseudo-utterances, Banse & Scherer,
1996; Johnstone & Scherer, 2000; Scherer, 2003; Roche et
al., 2015). However, these findings contrast with evidence
suggesting that the relative importance given to emotional
semantics and prosody varies across cultural and linguistic
backgrounds. For instance, studies have shown that Ameri-
can English listeners, who come from a low-context cul-
ture (i.e., cultures where communication relies heavily on
explicit, verbal information), tend to show an attentional
bias toward emotional semantics. In contrast, Japanese lis-
teners, from a high-context culture (where meaning is more
often derived from contextual and nonverbal cues), show a
greater sensitivity to emotional prosody (Kitayama & Ishii,
2002; Ishii et al., 2003).

The above-mentioned studies offer insights into the com-
bined or isolated effects of emotional semantics and prosody
on listeners’ brain activity (e.g., ERP measures) and behav-
ioural responses (e.g., recognition tasks). Building upon
these studies, Schirmer and Kotz (2006) proposed a multi-
stage model of emotional speech processing. The first stage
involves sensory analysis of the speech signal and extrac-
tion of emotionally relevant acoustic cues at the auditory
cortex level. In the second stage, the emotionally signifi-
cant information is derived from acoustic and semantic cues
via a pathway running from the superior temporal gyrus
to the anterior superior temporal sulcus. In the final stage,
this emotional information is made available to higher-
order cognitive processes. For example, explicit evaluative
judgments of emotional prosody are mediated by the right
inferior frontal gyrus and orbitofrontal cortex. However, as
Schirmer and Kotz (2006) noted, this model focuses only on
cortical and subcortical mechanisms and overlooks the role
of the autonomic nervous system (ANS).

The ANS has typically been considered a key compo-
nent of emotion regulation and processing in research on
emotional communication in both animals and humans
(Levenson, 2003). In particular, the sympathetic branch of
the ANS is responsible for many automatic, non-voluntary
responses that are essential for preserving the well-being of
individuals and species (Kreibig, 2010). These responses
support rapid adaptation and prepare the body for different
types of actions, such as fighting, freezing, or fleeing when
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facing fear or anger, or approaching a desired or pleasant
stimulus (Panksepp, 1982). Sympathetic responses are trig-
gered by emotional stimuli varying along both the arousal
and valence dimensions. Studies in the visual domain have
shown a positive correlation between subjective ratings of
arousal and the ANS, while findings on the relationship
between valence and ANS responses have been mixed (Bur-
riss et al., 2007; Gomez & Danuser, 2010; inter alia).

Because of its older phylogenetic origins, emotional
prosody may be biologically more relevant and thus more
effective than emotional semantics in triggering sympa-
thetic responses. Indeed, components of emotional prosody
have been identified in the vocal communication systems of
non-human mammals (Zimmermann et al., 2013; Briefer,
2012; Fischer, 2021), including non-human primates (Ker-
shenbaum et al., 2016; Fischer & Price, 2017). Previous
studies have hypothesized that prelinguistic hominids likely
used the prosodic features of calls from their own and other
species to detect emotional information relevant for sur-
vival, such as the presence of danger or predators (Falk,
2004; Belin et al., 2008; Zimmermann et al., 2013; Filippi
etal., 2017a). Consequently, they may have developed rapid
adaptive responses, such as fight, freeze, or flight reactions,
to emotional signals like danger or alertness expressed
through voice modulation, prior to the emergence of ver-
bal communication systems (Darwin, 1871; Nesse, 1990;
Brown, 2017; Filippi, 2020).

A technique that provides accessible indices of auto-
nomic nervous system activity is electrodermal activity.
Electrodermal activity (EDA) is an umbrella term refer-
ring to autonomic changes in the electrical properties of the
skin. Its most widely studied property is skin conductance,
which includes rapid phasic components (Skin Conduc-
tance Responses, SCRs) that result from sympathetic neu-
ronal activity (Dawson et al., 2000; Boucsein, 2012). To our
knowledge, only a few studies have investigated the isolated
effect of emotional semantics and prosody on SCRs. Harris
et al. (2003) showed that highly arousing, unpleasant words
spoken with neutral prosody (i.e., reprimands such as ‘Shut-
up’) elicited larger SCRs than less arousing unpleasant
words (e.g., ‘Cancer’), pleasant (e.g., ‘Bride’) and neutral
words (e.g., ‘Table’). Similarly, Aue et al. (2011) investi-
gated the effect of pseudo-words (e.g., “goster’) spoken
with hot angry or neutral prosody on SCRs. They found that
angry prosody, generally characterised by high arousal and
negative valence (Ekman, 1999; Scherer, 2003), elicited
larger SCRs than neutral prosody. These results suggest that
emotionally arousing, unpleasant words and prosody have
a strong impact on SCRs. They also support the ‘negativity
bias’ hypothesis, which posits that listeners are more respon-
sive to unpleasant stimuli than to pleasant or neutral ones.
This bias may stem from the greater relevance of negative
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stimuli for survival, as they may serve as early warnings for
potential threats and help the body prepare for rapid action
(Cacioppo & Berntson, 1999; Aue et al., 2011).

To date, experimental evidence on the impact of emo-
tional semantics and prosody on the sympathetic nervous
system, particularly as measured by SCRs, is limited, leav-
ing the following gaps for investigation. First, none of the
above studies examined the relationship between subjective
ratings of emotional dimensions (arousal and valence) and
SCRs in response to emotional semantics or prosody. Sec-
ond, a major limitation of the current literature is its focus
on the isolated effects of individual cues, which have not
been directly compared at the autonomic level. Third, previ-
ous research has concentrated on narrow subcategories of
words (e.g., reprimands; Harris et al., 2003), neglecting the
effects of broader emotional categories (angry vs. happy
words or sentences). Regarding prosody, previous studies
have been limited to hot anger (Aue et al., 2011), while the
effects of pleasant, arousing prosodies (e.g., happy prosody)
on SCRs remain unexamined. This gap is particularly rel-
evant because, although the influence of arousal on SCRs is
well established, empirical findings on valence-related dif-
ferences remain inconsistent (Burriss et al., 2007; Gomez &
Danuser, 2010; inter alia).

In the present study, we tested, for the first time, the
impact of emotional semantics, emotional prosody and
their combination on behavioural and SCRs. Listeners rated
each stimulus on two emotional dimensions: arousal (i.e.,
the intensity of physiological activation triggered by the
emotion) and valence (i.e., the degree of unpleasantness or
pleasantness). At the same time, SCRs were recorded as an
index of sympathetic activation. We focused on two basic
and evolutionarily significant emotions, anger and happi-
ness, expressed through semantics and/or prosody. These
emotions are opposite in valence yet comparable in arousal,
as both are generally considered high-arousal emotions
(Ekman, 1999). They play a key role in adaptive behaviours
and survival (Panksepp, 1982). Anger, a high-arousal nega-
tive emotion, is associated with a range of adaptive responses
to threat, including fight, flight, or freezing reactions,
depending on context and appraisal (Harmon-Jones, 2003).
Happiness, in contrast, is a high-arousal positive emotion
often linked to reward, social bonding, and approach behav-
iour (Berridge & Kringelbach, 2015). These differences in
emotional valence and motivational direction may result
in distinct autonomic profiles. For instance, anger-related
stimuli might elicit larger SCRs, reflecting the evolution-
ary relevance of detecting threats for survival (Cacioppo &
Berntson, 1999), whereas happy-related stimuli may trig-
ger more moderate SCRs, reflecting approach motivation
(Kreibig, 2010; Bradley & Lang, 2000). Furthermore, to
assess the impact of emotional semantics and prosody, we

used meaningful utterances expressing anger and happiness
at the utterance level.

We expected listeners to assign more extreme arousal
and valence ratings to stimuli conveying anger and hap-
piness through both semantics and prosody than to those
conveying the same emotions through a single cue (either
semantics or prosody alone). This expectation aligns with
behavioural studies suggesting that combined emotional
cues offer a processing advantage (e.g., Kotz & Paulmann,
2011; Paulmann & Pell, 2011; Ben-David et al., 2016;
Filippi et al., 2017a; Lin et al., 2020). Additionally, we pre-
dicted that stimuli conveying the emotions through prosody
alone would receive more extreme emotional ratings than
those conveying the emotions through semantics alone,
consistent with evidence that emotional prosody is more
perceptually salient than emotional semantics (Ben-David
et al., 2016; Filippi et al., 2017b; Lin et al., 2020).

We also expected that sympathetic responses (SCRs)
would partly reflect behavioural ratings of emotional
dimensions. Specifically, we predicted that emotional pros-
ody would elicit larger SCRs than emotional semantics,
regardless of whether it was combined with emotional or
neutral semantic content. This hypothesis is consistent with
findings suggesting that emotional prosody may be more
effective than emotional semantics in triggering adaptive
responses via the autonomic nervous system (e.g., fight,
freeze, or flight reactions; Aue et al., 2011), possibly due
to its older phylogenetic roots (e.g., Zimmermann et al.,
2013; Filippi et al., 2017b; Filippi, 2020). Additionally, we
expected higher SCRs to unpleasant stimuli compared to
pleasant and neutral ones, in line with the ‘negative bias’
hypothesis (Cacioppo & Berntson, 1999; Aue et al., 2011).
Given the sex-based differences reported in the neurocog-
nitive literature on emotion processing (e.g., Schirmer et
al., 2002, 2005; Schirmer & Kotz, 2006), listener sex was
included as a predictor in our analyses to explore whether
behavioural responses and SCRs to emotional semantics
and prosody varied accordingly, although investigating sex
differences was not the primary focus of the present study.

Finally, we aimed to explore the relationship between lis-
teners’ arousal and valence ratings and their SCRs. Consis-
tent with our previous hypotheses, we predicted that larger
SCRs would be associated with higher arousal ratings and
lower valence ratings.

Method
Participants

Seventy-seven native French speakers aged between 18 and
35 years (41 females, mean age: 23.9, SD: 0.4) participated
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Table 1 Sentences used in the EDA experiment, each spoken with
either prosody matching the emotional content (congruent) or with
neutral prosody

Neutral meaning Angry meaning Happy meaning
1l a amené Elle I’a poussé a bout Il a eu sa
I’enveloppe (She pushed him to the  promotion

(He brought the limit) (He got his
envelope) promotion)

1l est allé en ville
(He went into town)

1l lui a fait une crise 1l a obtenu son
(He lost his temper with  diplome

her) (He got his degree)
Elle a hurlé contre lui

Elle a pris les clés Elle a trouvé

(She took the keys)  (She shouted at him) l’amour
(She found love)
Elle a lu I'article Elle a joué avec ses Elle a fait des
(She read the article) nerfs progreés
(She played with his (She made
nerves) progress)

in the main experiment. The study was non-invasive and
conducted in full compliance with the Declaration of Hel-
sinki. All participants provided written informed consent
prior to the experiment and received a €10 voucher as com-
pensation for their participation.

Materials

The final set of stimuli used in the main experiment is avail-
able upon request from the author. The datasets and analysis
scripts for the validation tasks are publicly accessible at the
following link: https://osf.io/n5683/.

The stimuli consisted of twenty-eight utterances that
varied in both emotional semantics and prosody. The ver-
bal content conveyed anger, happiness, or a neutral state
through emotion-laden words that implied the target emo-
tion without explicitly naming it (e.g., anger: Elle a joué
avec ses nerfs ‘She played with his nerves’; happiness: Elle
a trouve ['amour ‘She found love’; neutral: /] est allé en
ville ‘He went downtown’). All sentences were comparable
in length (ranging from six to ten syllables) and followed
the same syntactic structure: a subject followed by a verb
and a direct or indirect object. The subject was consistently
a third-person singular pronoun (Elle/ll ‘She/He’). The
complete list of sentences is provided in Table 1.

Sentences were recorded by a professional actress and
were selected through a series of validation tasks (see
details in the following section). After the recordings, three
conditions were obtained depending on the cue(s) through
which the emotions were delivered: (1) ‘semantics only’
(SO): sentences with angry or happy verbal meaning, spo-
ken with neutral prosody; (2) ‘prosody only’ (PO): sen-
tences with neutral verbal meaning, spoken with angry or
happy prosody; (3) ‘semantics+prosody’ (SP): sentences
with angry, happy or neutral verbal meaning, spoken con-
gruently with angry, happy or neutral prosody. Twenty-four
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Table 2 Experimental conditions and labels adopted in this study.
SO=semantics only, PO=prosody only, SP=semantics + prosody

Num- Cue(s) Seman- Prosody Experimental
ber of tics conditions/
sen- Labels

tences

4 semantics+prosody neutral neutral Baseline neutral
4 semantics only happy  neutral SO _happy

4 prosody only neutral happy PO _happy

4 semantics +prosody happy  happy SP_happy

4 semantics only angry  neutral SO_angry

4 prosody only neutral angry PO_angry

4 semantics +prosody angry angry SP angry

of the twenty-eight utterances conveyed anger or happiness
through semantics only, prosody only or the combination
of semantics and prosody (4 sentences X 2 emotions X 3
cue conditions). The remaining four utterances, which were
used as the neutral baseline, conveyed neutral meaning and
were spoken with neutral prosody (‘Baseline neutral’).
Table 2 illustrates the experimental conditions and the cor-
responding labels.

Recordings

Recordings were conducted in the anechoic chamber at the
Laboratoire Parole et Langage in Aix-en-Provence, France.
A professional French actress recorded fifteen sentences—
five conveying anger, five conveying happiness, and five
conveying a neutral state through their verbal content. The
fifteen sentences were selected from an initial set of thirty
sentences based on prior validation of their semantic con-
tent (see below).

Sentences were produced with three types of emotional
prosody: angry, happy, and neutral. The actress memorized
each sentence beforehand and was then instructed to pro-
duce it in accordance with the target emotion indicated by
the experimenter. The actress wore a high-quality head-
mounted microphone to ensure consistency in loudness.
Recordings were captured at a sampling rate of 48 kHz.

A total of thirty-five utterances were produced: ten with
neutral verbal content spoken with either angry or happy
prosody (‘prosody only’ condition); ten with angry or happy
verbal content spoken with neutral prosody (‘semantics only’
condition); ten with angry or happy verbal content spoken
with matching angry or happy prosody (‘semantics+ pros-
ody’ condition); and five with neutral verbal content spo-
ken with neutral prosody (‘Baseline_neutral’ condition). Of
these thirty-five, twenty-eight target utterances (see Tables 1
and 2) were selected based on a series of validation tasks
conducted prior to the main study.
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Validation tasks

The validation tasks were administered through two online
surveys via Qualtrics. Participants recruited for the valida-
tion tasks did not participate in the main experiment. Stimuli
were validated in both their written and oral forms to ensure
that semantic content and prosody accurately represented
each target emotion.

Prior to the recordings, fifty-nine native French speakers
(52 women; mean age=25.7 years, SD=1.3) participated
in the validation of the written semantic content of an ini-
tial set of thirty sentences. Participants were presented with
the sentences in written form and asked to: (i) identify the
conveyed emotion in a three-alternative forced-choice task
(neutral, happy, or angry); (ii) rate how representative each
sentence was of the selected emotion on a 5-point Likert
scale (1 = “not at all representative,” 5 = “very represen-
tative”); and (iii) rate the emotional valence of each sen-
tence on a 5-point Likert scale (1 = “very unpleasant,” 5
= “very pleasant”). To mitigate fatigue effects, participants
were divided into two lists (=28 and n=31), with each list
evaluating fifteen sentences and completing all three tasks
for each sentence. Only fifteen sentences with a correct
identification rate above 80% were retained and used for the
recordings, resulting in a set of thirty-five utterances vary-
ing in both emotional verbal content and prosody (see above
for details about the recordings).

After the recordings were completed, a separate group of
sixty native French speakers (36 women; mean age=26.8
years, SD=3.4) validated the prosody of the thirty-five utter-
ances recorded by the actress. Participants listened to the
recordings and performed the same tasks as in the semantic
validation: (i) emotion identification, (ii) representative-
ness rating, and (iii) emotional valence rating. They were
asked to focus solely on prosody (‘tone of voice’), ignor-
ing the verbal content of the utterances. Additionally, they
evaluated the plausibility of each utterance—i.e., how natu-
ral and realistic the combination of semantics and prosody
appeared—on a 5-point Likert scale (1 = “not at all plau-
sible,” 5 = “very plausible”). Participants were randomly
assigned to one of three lists (=20 each): one completed
the emotion identification and representativeness tasks,
another the valence task, and the third the plausibility task.
Seven utterances were excluded due to identification accu-
racy below 80%. The remaining twenty-eight utterances
were retained for use in the main experiment (see Table 2).

Furthermore, the arousal level of the twenty-eight selected
stimuli was assessed separately for both the semantics and
prosody of the stimuli. Thirty native French speakers (15
women; mean age=30.6 years, SD=7.7) rated the arousal
elicited by each sentence in written form, focusing solely
on its semantic content. Another group of thirty participants

(18 females; mean age=33.2 years, SD=11.07) rated the
arousal conveyed by the recorded utterances, instructed to
focus exclusively on prosody while disregarding semantic
content. In both tasks, participants used a 5-point Likert
scale (1 = “weakly arousing”, 5 = “strongly arousing”).

The twenty-eight selected stimuli showed high identifi-
cation accuracy for both (written) semantics and prosody
(semantics: M=95.2%, SD=0.2; prosody: M=99.3%,
SD=0.1), along with high representativeness ratings
(semantics: M=4.2, SD=0.9; prosody: M=4.3, SD=0.8),
with no significant differences across emotion categories
(e.g., happiness vs. anger) or prosodic conditions (e.g.,
‘prosody only’ vs. ‘semantics + prosody’ conditions; all
p>0.01). As expected, valence ratings differed significantly
across emotion categories for both semantics and prosody
(all p<0.01): happy stimuli were rated as the most pleasant
(semantics: M=4.7, SD=0.5; prosody: M=4.1, SD=0.9),
followed by neutral (semantics: M=3.1, SD=0.4; prosody:
M=2.9, SD=0.3), and angry stimuli as the most unpleasant
(semantics: M=1.8, SD=0.7; prosody: M=1.8, SD=0.9).
Arousal ratings also varied significantly across emotion
categories consistently for both semantics and prosody (all
p<0.01): angry stimuli were rated as the most arousing
(semantics: M=4.1, SD=0.8; prosody: M=4.1, SD=0.8),
followed by happy stimuli (semantics: M=3.4, SD=1.2;
prosody: M=3.6, SD=0.7), and neutral stimuli (seman-
tics: M=1.3, SD=0.6; prosody: M=1.4, SD=0.7). Arousal
ratings did not differ significantly between semantics and
prosody within each emotion category (all p>0.01). Spe-
cifically, angry prosody showed arousal ratings comparable
to those of angry semantics, with the same pattern observed
for happy and neutral stimuli (all p>0.01). Additionally,
angry prosody received similar arousal ratings whether pre-
sented alone (‘prosody only’ condition) or combined with
congruent semantic content (‘semantics+prosody’ condi-
tion), a pattern also found for happy prosody (all p>0.01).
Neutral prosody showed no significant differences in arousal
when comparing the ‘semantics only’ and ‘Baseline neu-
tral” conditions (all p>0.01). No significant differences in
plausibility were found across emotion and cue conditions
(all p>0.01).

Acoustic analyses

The acoustic analyses were conducted using PRAAT
(Boersma, 2001). Three main prosodic parameters were
analysed for each of the 28 utterances: intensity, fundamen-
tal frequency (f0) and utterance duration. Utterances spo-
ken with angry and happy prosody showed higher f0 mean,
broader f0 range, and greater intensity than utterances spo-
ken with neutral prosody (all p<0.01). No acoustic differ-
ences were found between the ‘semantics+prosody’ and
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‘prosody only’ conditions within each emotion category (all
p>0.01). Additionally, no acoustic differences were found
between utterances spoken with angry and happy prosody
(p>0.01). Furthermore, no differences were found between
utterances with emotional verbal content spoken with neutral
prosody (‘semantics only’ condition) and those with neutral
content spoken with neutral prosody (‘Baseline neutral”)
(all p>0.01). No differences were found in duration across
emotion and cue conditions (all p>0.01) (Table 3).

Procedure

Participants were seated in a silent room at the Laboratoire
Parole et Langage and listened to the stimuli through pro-
fessional-grade headphones. They were instructed to attend
to the entire utterance and evaluate the emotion conveyed
by the speaker, taking into account both prosody (i.e., the
‘tone of voice’) and the verbal content. First, they rated the
arousal of each stimulus using a 5-point Likert scale (1 =
‘weakly arousing’; 5 = ‘strongly arousing’) by pressing a
button box with their dominant hand. Next, they rated the
valence of each stimulus on a separate 5-point Likert scale
(1 = ‘very unpleasant’; 5 = ‘very pleasant’). Electrodermal
activity was simultaneously recorded on the volar surface of

2000 ms

)

Table 3 Means and standard deviations (in parentheses) of the acous-
tic parameters for utterances produced with neutral, happy, and angry
prosody

Prosody  Duration fO0 mean f0 range Intensity
(sec) (Hz) (max-min; Hz)  mean (dB)
neutral 1.09(0.2) 188(7.8) 99 (10.3) 71(1.1)
happy 1.09(0.1) 317(9.9) 166 (34.2) 76 (2.1)
angry 1.10(0.1)  306(8.3) 175(39.1) 77 (1.7)

the medial and distal phalanges of the fingers of the partici-
pants’ non-dominant hand (Dawson et al., 2000).

Figure 1 illustrates the experimental paradigm. Each trial
began with a fixation cross displayed for 2000 ms, followed
by the auditory stimulus, which was played for 3000 ms.
The arousal and valence scales were then presented on the
screen, each shown separately in a fixed order—first the
arousal scale, then the valence scale. Each scale remained
visible for a minimum of 3500 ms and disappeared only
after the participant responded by pressing a button. After a
3500-ms blank screen, the next trial began. The interstimu-
lus interval (i.e., the time lapse between the presentation of
an auditory stimulus and of the next one) was at least 15.5 s
to account for the slow changes in electrodermal activity
(skin conductance responses typically begin 1-3 s after
stimulus onset, with a half recovery time between 2 and
10 s; Dawson et al., 2000). The stimuli were split into two

3000 ms

Weakly arousing

Arousal

1 23 45

Strengly arousing|

Valence

3500 ms

Fig. 1 Illustration of the experimental paradigm
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blocks and presented once in each block, with a brief pause
between them. Stimuli were randomized within each block,
and block order was counterbalanced across participants.
A short training session preceded the experiment in which
participants were asked to rate three items (which were not
included in the experimental session) on the arousal and
valence scales. The total duration of the experiment was
kept short (around 10 min) to avoid habituation effects.

Settings and apparatus

The auditory stimuli were presented via E-prime 2.0 (Psy-
chology Software Tools, Inc., Pittsburgh, PA, USA). Elec-
trodermal activity was simultaneously recorded using a
BIOPAC M36R system and Acgknowledge 4.4 software
(Biopac Systems, Inc., Goleta, CA, USA). Before starting
the experiment, two snap Ag—AgCl electrodes (11 mm diam-
eter active area), pre-gelled with isotonic gel, were attached
to the volar surface of the medial and distal phalanges of the
fingers of the participants’ non-dominant hand (Dawson et
al., 2000). Listeners were instructed to place their non-dom-
inant hand palm-up on a table and to minimise movement
as much as possible throughout the experiment, in order to
reduce potential motion artefacts from hand movements.

Recordings, filtering and analyses followed standard
procedures. The raw signal was converted into a waveform
with a time resolution of 100 Hz, filtered using a high-pass
filter with a cutoff frequency of 0.05 Hz and down sampled
to a 10 Hz sampling rate (Boucsein, 2012).

The outcome variable was the SCR amplitude for each
stimulus, calculated from the difference between the base-
line (level of skin conductance over the two seconds before
stimulus onset) and the peak SCR following stimulus pre-
sentation. These values were extracted from the temporal
window spanning 1-3 s after stimulus onset. The minimum
threshold for SCR detection was set at 0.01 uS. In case of
multiple peaks over 0.01 puS, the values were averaged prior
to statistical analysis. Six participants were excluded from
the statistical analyses due to non-responsiveness to all
stimuli (Herrero et al., 2020).

Data analysis

The full datasets and analysis scripts are available on the
Open Science Framework webpage (see https://osf.io/n56
83/). Statistical analyses were performed in the R environ-
ment (R Development Core Team, 2012, version 3.5.1).
Graphical exploration was performed using the ggplot2
package (version 3.4.0; Wickham, 2016).

A series of linear mixed models was conducted using
the /me4 package (version 1.1-31; Bates et al., 2015). The
following dependent variables were entered in separate

analyses: (i) ratings of arousal; (ii) ratings of valence; (iii)
SCR amplitude. Prior to the statistical analysis, SCR ampli-
tude was transformed using the square root transformation
to account for individual differences (Dawson et al., 2000).
Arousal and valence were also log-transformed to achieve
a normal distribution. Data from the behavioural ratings,
though, were plotted without logarithmic transformation to
display them on the original scales.

For each model, we tested the fixed factors, Emotional
cue (seven levels: Baseline neutral, SO _happy, PO_happy,
SP_happy, SO_angry, PO_angry, SP_angry; see Table 1)
and Listener sex (two levels: women, men), and their inter-
action (Listener sex * Emotional cue). The Emotional cue
factor was created by combining the Cue (three levels: SO:
semantics only; PO: prosody only, SP: semantics + prosody)
and Emotion factors (two levels: angry, happy), plus the
Baseline neutral. This combination was necessary due to
the partial independence of the Cue and Emotion factors.
Specifically, the Emotion factor was nested within the Cue
factor (e.g., both anger and happiness are conveyed through
semantics only, prosody only and the combination of seman-
tics and prosody). Furthermore, the two factors shared the
common baseline (Baseline neutral) corresponding to
stimuli with neutral emotional semantics spoken with neu-
tral prosody. Random intercepts for Listener and Sentence
were also included, along with by-listener random slopes
for Emotional cue.

The Baseline neutral level was entered as the intercept of
the model. For pairwise comparisons involving levels other
than neutral (happy stimuli vs. angry stimuli), the intercept
was changed, and the p-values were adjusted through the
Bonferroni correction. Only p-values smaller than 0.017
were considered significant, with a significance threshold
adjusted for multiple comparisons (p=0.05 divided by the
number of models (3) run for each dependent variable).

The model for (1) arousal ratings, (2) valence ratings and
(3) SCR amplitude) was:

Dependent Variable (Arousal or Valence or SCR ampli-
tude)~Emotional cue * Listener sex + (1+Emotional cue]
Listener) + (1| Sentence).

When convergence issues arose, the random structure
of the models was simplified to reduce overparameteriza-
tion—for example, by replacing random slopes with ran-
dom intercepts only or by removing random components
with very little variance. This simplification was applied
only to affected models and did not change the interpreta-
tion of the results.

Finally, a series of non-parametric correlations (Kendall’s
Rank Correlation) was performed to examine the relation-
ship between participants’ behavioural responses (rating of
arousal and valence scores from the main experiment) and
SCRs. Kendall’s Rank Correlation is particularly suited for
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the analysis of ordinal data (e.g., ratings from Likert scales),
and that does not fit a normal distribution (Hollander et al.,
2013). Given the number of variables included in the corre-
lation, the alpha level for significance was set to 0.01.

Results

Table 4 shows the descriptive statistics and p-values for the
main variables and conditions. Results are described below
separately for the behavioural ratings (arousal and valence),
SCRs and the correlation analysis.

Behavioural responses

Figure 2 illustrates the results of the arousal and valence rat-
ings as a function of emotional cue and listener sex. Arousal
ratings varied across cue conditions. Angry and happy stim-
uli were judged as more arousing than neutral ones when the
emotion was conveyed either by the combination of seman-
tics and prosody (SP_angry vs. Baseline neutral: [5=0.95,
SE=0.09,7=10.94, p<0.001]; SP_happy vs. Baseline neu-
tral: [#=0.99, SE=0.07,¢=15.08, p <0.001]) or by prosody
only (PO _angry vs. Baseline neutral: [f#=0.93, SE=0.08,
t=10.93, p<0.001]; PO _happy vs. Baseline neutral:

Table 4 Descriptive statistics and p-values for arousal, valence and SCRs

[=0.92, SE=0.07, t=13.96, p<0.001]). No significant
differences were found between the ‘semantics+prosody’
and ‘prosody only’ conditions (SP_angry vs. PO angry:
[6=0.03, SE=0.04, t=0.67, p=0.50]; SP_happy vs. PO_
happy: [#=0.07, SE=0.04, t=1.79, p=0.07]). Angry and
happy stimuli were rated as more arousing when the emo-
tion was conveyed by prosody only compared to when
conveyed by semantics only (PO_angry vs. SO_angry: [f=
0.88, SE = 0.04, = 22.79, p<0.001]; PO_happy vs. SO _
happy: [f= 0.85, SE = 0.04, = 22.08, p<0.001]). Further-
more, in female listeners, when the emotion was conveyed
by semantics only, neither angry nor happy stimuli (spo-
ken with neutral prosody) differed significantly in arousal
from the neutral baseline (SO _angry vs. Baseline neu-
tral: [£=0.05, SE=0.04, r=1.34, p=0.18]; SO_happy vs.
Baseline neutral:[f=0.07, SE=0.03, t=2.19, p=0.03]). In
male listeners, anger conveyed by semantics only did not
differ from the neutral baseline (#=0.08, SE=0.04, t=2.09,
p=0.04), whereas happiness conveyed by semantics only
showed a significant increase in arousal compared to the
neutral baseline (5=0.13, SE=0.04, t=3.27, p<0.01). No
other significant sex differences were observed across con-
ditions (#=0.02, SE=0.09, t=0.17, p=0.86).

As for valence ratings, angry stimuli were judged as less
pleasant than neutral stimuli, whereas happy stimuli were

Female listeners

Male listeners

Mean SD p Mean SD p
Arousal
Baseline neutral (intercept) 1.78 0.87 <0.001 1.81 0.88 <0.001
SO_happy 1.93 0.97 0.03 2.03 0.86 <0.01
PO _happy 4.07 0.78 <0.001 4.03 0.76 <0.001
SP_happy 431 0.61 <0.001 433 0.72 <0.001
SO_angry 1.85 0.83 0.18 1.95 0.88 0.04
PO_angry 425 1.12 <0.001 4.40 0.75 <0.001
SP_angry 4.35 1.11 <0.001 4.43 0.74 <0.001
Valence
Baseline_neutral (intercept) 2.86 0.50 <0.001 2.97 0.43 <0.001
SO_happy 3.24 0.67 <0.01 3.52 0.83 <0.001
PO_happy 3.91 0.79 <0.001 3.90 0.83 <0.001
SP_happy 4.55 0.69 <0.001 4.69 0.48 <0.001
SO_angry 2.38 0.75 <0.001 2.31 0.76 <0.001
PO _angry 1.95 1.02 <0.001 1.94 0.97 <0.001
SP_angry 1.63 1.11 <0.001 1.30 0.56 <0.001
SCRs
Baseline neutral (intercept) 0.44 0.49 <0.001 0.40 0.47 <0.001
SO_happy 0.55 0.59 0.03 0.41 0.53 0.92
PO _happy 0.53 0.65 0.12 0.31 0.36 0.25
SP_happy 0.50 0.49 0.11 0.40 0.57 0.90
SO_angry 0.54 0.67 0.02 0.37 0.38 0.96
PO_angry 0.84 0.72 <0.001 0.43 0.45 0.49
SP_angry 0.81 1.10 <0.001 0.43 0.47 0.44

P-values refer to the comparison between emotional cue conditions and the neutral baseline. P-values less than 0.017 were considered statisti-

cally significant. Significant effects are in bold

@ Springer



Motivation and Emotion

judged as more pleasant than neutral ones. This effect was
independent of the cue, i.e., whether the emotion was con-
veyed by the combination of semantics and prosody (SP_
angry vs. Baseline neutral: [ =-0.71, SE=0.04, ¢ =-17.80
p<0.001]; SP_happy vs. Baseline neutral: [f#=0.46, SE
=0.04, t=11.73, p<0.001]), by prosody only (PO _angry
vs. Baseline neutral: [f = -0.50, SE=0.03, ¢t = -14.09,
p<0.001]; PO_happy vs. Baseline neutral: [f=0.31,
SE=0.03, t=8.68, p<0.001]) or by semantics only (SO _
angry vs. Baseline neutral: [ = -0.23, SE=0.04, t = -5.78,
p<0.001]; SO_happy vs. Baseline neutral: [f=0.12,
SE=0.04, t=3.04, p=0.01]). A comparison across cue
conditions showed more extreme valence ratings (i.e., the
most unpleasant for angry stimuli, the most pleasant for
happy stimuli) when the emotion was conveyed by the com-
bination of semantics and prosody compared to when the
emotion was conveyed by prosody only (SP_angry vs. PO_
angry: [ =-0.20, SE=0.04, t=-5.17,p<0.001]; SP_happy
vs. PO happy: [f=0.16, SE=0.04, t=3.95, p<0.001]).
Furthermore, valence ratings were more extreme (i.e., more
unpleasant for angry stimuli, more pleasant for happy stim-
uli) when the emotion was conveyed by prosody only than
by semantics only (PO_angry vs. SO_angry: [f = -0.27,
SE=0.04, t = -6.85, p<0.001]; PO_happy vs. SO_happy:
[=0.19, SE=0.04, tr=4.74, p<0.001]). No significant
differences were found between female and male listeners
across conditions (f=0.04, SE=0.04, t=0.97, p=0.33).

SCR amplitudes

Figure 3 illustrates SCRs as a function of emotional cue and
listener sex.

Larger skin conductance responses were found only for
angry stimuli, but this effect was modulated by the sex of
the listeners and the emotional cue. Specifically, for female
listeners, SCR amplitudes increased for angry stimuli com-
pared to neutral stimuli; this occurred both when anger was
conveyed by the combination of semantics and prosody
(#=0.21,SE=0.04, t=5.07, p<0.001) and when conveyed
by prosody only (#=0.26, SE=0.04, t=6.17, p<0.001).
No significant difference was found between these two
cue conditions (f = -0.05, SE=0.04, ¢+ = -1.27, p=0.20).
Angry semantics produced smaller SCR amplitudes than
angry prosody (# = -0.16, SE=0.04, ¢t =-3.87, p<0.001)
and did not differ from neutral stimuli (£=0.10, SE=0.04,
t=2.25, p=0.02). For male listeners, there was no difference
between angry and neutral stimuli, independent of the emo-
tional cue (all p>0.017) Furthermore, no significant dif-
ferences in SCR amplitudes were observed between happy
stimuli and the neutral baseline, independent of the type of
emotional cue or the sex of the listeners (all p>0.017).

Correlation between behavioural ratings and SCRs

Figure 4 presents the correlation matrices for behavioural
ratings and SCRs. The analysis also included arousal rat-
ings of prosody from the validation task, as angry prosody
was rated as more arousing than happy prosody. Correlation
analyses were performed and plotted separately for female
and male listeners, reflecting the observed interaction with
listener sex.

The correlation analysis showed significant relationships
between the variables. Among female listeners, a positive
correlation was found between SCRs and the arousal scores
of prosody from the validation task (r, = 0.14, p=0.01), as
well as between SCRs and arousal scores from the main
task (r, = 0.12, p=0.01), indicating that listeners’ SCRs
increased in response to more arousing stimuli. Further-
more, SCRs were negatively correlated with valence (r,
= -0.14, p=0.01), meaning that listeners’ SCRs increased
when listening to unpleasant stimuli (which received lower
scores on the valence scale). Additionally, the arousal scores
of the prosody from the validation task were positively cor-
related with the arousal ratings from the main task (r, =
0.76, p=0.01). This suggests that stimuli perceived as more
arousing in terms of prosody were also rated as more arous-
ing in the main task (when listeners were asked to rely on
both semantics and prosody to rate the emotional dimen-
sions of the stimuli).

Conversely, among male listeners, no correlation was
found between SCRs and behavioural ratings. However,
a positive correlation was found between the arousal of
prosody and the rating of the arousal in the main task (», =
0.82, p=0.01), whereas a negative correlation was found
between the arousal of prosody and valence ratings (», =
-0.15, p=0.01).

Discussion

This study investigated how emotional semantics and/or
prosody influence listeners’ behavioural and skin conduc-
tance responses (SCRs). Behavioural results indicated that
listeners primarily relied on prosody to assess arousal. In
contrast, valence judgments were based on an integration of
both semantics and prosody, with prosody exerting a stron-
ger influence than semantics when the cues were presented
independently. These effects were consistent across emo-
tion categories and did not vary substantially by the sex of
the listeners. In terms of physiological responses, increased
SCRs were observed only in response to angry prosody,
and this effect was specific to female listeners, regardless of
the semantic content. The discussion is organised into two
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{ Fig. 2 Means and standard errors of arousal (top) and valence ratings
(bottom) for the Emotional cue factor (seven levels: Baseline neutral,
SO_happy, PO_happy, SP_happy, SO_angry, PO_angry, SP_angry).
Different colours illustrate results across listener sex (F=female lis-
teners, M=male listeners)

sections: we first address the behavioural findings and then
turn to the SCR results.

Behavioural responses

In the behavioural task, listeners were asked to rate the emo-
tional arousal and valence of the stimuli, taking into account
both semantics and prosody. We hypothesised that emo-
tional ratings would be most extreme for stimuli that com-
bined emotional semantics and prosody, followed by those
conveying emotion through prosody alone. Interestingly,
the results revealed distinct patterns depending on whether
arousal or valence was being evaluated. Specifically, lis-
teners predominantly relied on prosody to assess arousal,
whereas both prosody and semantics contributed to valence
ratings. These findings suggest that prosody and semantics
play different roles depending on whether listeners are judg-
ing arousal or valence.

For arousal, listeners relied almost exclusively on pros-
ody. They rated the utterances conveying anger and happi-
ness through the combination of semantics and prosody and
through prosody only as more arousing compared to utter-
ances conveying anger and happiness through semantics
only. No difference in arousal was found between anger and
happiness conveyed by the combined cues and by prosody
alone. This suggests that the addition of emotional seman-
tics did not significantly increase perceived arousal when
paired with emotional prosody. These findings are consistent
with previous research suggesting that emotional prosody
can override emotional semantics when evaluating stimuli
with incongruent combinations of prosody and semantics
(e.g., pleasant words or sentences spoken with unpleasant
prosody; Ben-David et al., 2016; Filippi et al., 2017a; Lin
et al.,, 2020). The prominent effect of prosody is further
supported by the finding that utterances conveying anger
through semantics alone (but spoken with neutral prosody)
were rated as arousing as the neutral baseline by both female
and male listeners. Despite being instructed to consider both
semantic and prosodic cues, listeners may have relied more
heavily on the neutral prosody to infer arousal, thereby
overlooking the angry content conveyed through seman-
tics. Interestingly, male participants rated happy semantic
stimuli (spoken with neutral prosody) as significantly more
arousing than the neutral baseline, whereas this difference
was not statistically significant in female participants. This
finding may suggest that men were more influenced by the
positive verbal content of the utterances and did not rely

solely on the neutral prosody to assess arousal. In contrast,
women may have been more influenced by the neutral pros-
ody of these stimuli, resulting in lower arousal ratings for
the same semantic content.

For valence ratings, utterances conveying emotion
through the combination of semantics and prosody received
the most extreme scores. Specifically, anger conveyed
through combined cues was rated as more unpleasant
than anger conveyed through prosody or semantics alone.
Similarly, happiness conveyed through both prosody and
semantics was rated as more pleasant than when conveyed
through prosody only. These heightened ratings for congru-
ent emotional cues likely reflect a congruency effect—a
phenomenon widely reported in previous research showing
that emotional expressions are more effectively processed
when prosodic and semantic cues are congruent and com-
bined (e.g., Paulmann & Pell, 2011; Ben-David et al., 2016;
Filippi et al., 2017a; Lin et al., 2020).

Furthermore, utterances conveying anger and happiness
through prosody only resulted in more extreme valence
ratings compared to those conveying anger and happiness
through semantics only, consistent with prior research (e.g.,
Ben-David et al., 2016; Filippi et al., 2017a). However,
unlike the results for arousal, utterances expressing anger
and happiness through semantics alone were rated signifi-
cantly different from neutral utterances by both female and
male listeners. This suggests that while prosody may exert
a stronger influence, semantic information is not ignored in
valence judgments. Taken together, these findings support
the view that listeners integrate both prosodic and semantic
information when assessing emotional valence. In contrast,
arousal ratings appear to be driven primarily by prosodic
cues, with little influence from emotional semantics.

SCRs

We hypothesized that, given its older phylogenetic origins,
emotional prosody would be more effective than emotional
semantics in eliciting autonomic responses such as fight/
flight/freeze reactions (Zimmermann et al., 2013; Filippi et
al., 2017b; Filippi, 2020). Our findings partially supported
this hypothesis. Specifically, the effect of emotional prosody
on the autonomic nervous system, as reflected in SCRs, was
modulated by the emotion category (anger) and by listen-
ers’ sex (female listeners). Stimuli conveying anger through
prosody alone or through the combination of semantics
and prosody elicited the largest SCRs, but this effect was
observed only in female listeners. No significant difference
in SCR amplitude was found between angry prosody alone
and the combined semantics-prosody condition, indicating
that adding emotional semantics did not further enhance
autonomic responses. Additionally, stimuli conveying
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happiness had no significant impact on SCRs, regardless of
cue type or listeners’ sex.

The observed sex difference in SCRs aligns with psycho-
physiological research using visual stimuli, which shows
that women generally exhibit stronger autonomic responses
than men to highly arousing unpleasant pictures, especially
those depicting danger (Bradley et al., 2001; Chentsova-
Dutton & Tsai, 2007; Williams & Gordon, 2007; Lithari et
al., 2010; Gomez et al., 2016). For instance, Gomez et al.
(2016) found that women displayed larger skin conductance
after viewing pictures of unpleasant events, such as physical
violence or mutilated bodies, whereas men showed stronger
responses to highly arousing pleasant pictures, such as erotic
pictures. Bradley et al. (2001) suggested that women may
have a broader predisposition to exhibit heightened defen-
sive activation to aversive cues compared to men, possibly
due to biological factors (e.g., lower physical strength) and
sociocultural influences (e.g., gender stereotypes). In con-
trast, while the erotic pictures used in Gomez et al.'s (2016)
study were highly arousing, in our study, the lack of SCRs in
men to happy prosody may be attributed to the arousal level
induced by happy prosody not being high enough to trig-
ger a physiological response. Indeed, as the validation tasks
showed, happy prosody was rated as presenting an inter-
mediate level of arousal. Alternatively, the lack of response
may be attributed to differences in stimulus content, with
erotic content in Gomez et al.’s study compared to happy
content in the present study.

The effect of angry prosody, coupled with the absence of
a significant effect for angry semantics on women’s SCRs,
suggests that women’s autonomic responses are more sensi-
tive to highly arousing unpleasant prosody than to equally
arousing unpleasant semantics. This heightened sensitivity
to prosody is further supported by the fact that combining
angry semantics with angry prosody did not elicit stronger
SCRs than prosody alone. As proposed by Aue et al. (2011),
angry prosody may act as an evolutionarily salient acoustic
signal that rapidly alerts listeners and prepares the body for
action. While Aue et al. did not directly compare prosody
and semantics, their findings support the notion that angry
prosody alone can serve as a powerful trigger for physi-
ological reactions.

Relationship between behavioural responses and
SCRs

Although men and women provided mostly similar behav-
ioural ratings of arousal and valence, men’s autonomic
responses, as indexed by SCRs, did not vary as a function
of these emotional dimensions. Similarly, our correlation
analysis revealed that, in women, SCRs were positively
correlated with arousal ratings (from the behavioural task)

and arousal ratings of prosody (from the validation task).
However, these associations were not observed in men.
These findings provide further evidence that women may
be more responsive to both increased arousal and negative
valence of the stimuli at the autonomic level, suggesting a
heightened physiological sensitivity. In contrast, men’s lack
of response to these dimensions suggests that either they
process emotional stimuli differently or that the level of
emotional arousal induced by the stimuli in this study was
insufficient to trigger a physiological response.

The partial dissociation observed between SCRs and
behavioural responses supports the idea that the ANS activ-
ity may represent a distinct and partly independent pathway
in emotional speech processing (Miiller et al., 2011). The
ANS plays a crucial role in preparing the body for adaptive
responses to emotional stimuli by regulating physiological
arousal, including changes in skin conductance, heart rate,
and respiration (Critchley, 2009; Thayer & Lane, 2000).
Unlike the cortical and subcortical brain areas typically
emphasized in current models of emotional semantics and
prosody processing (Schirmer & Kotz, 2006; Kotz & Paul-
mann, 2011), ANS responses might reflect more automatic,
reflexive processes involved in the rapid detection of emo-
tionally salient cues, particularly those related to threat or
safety (Critchley & Garfinkel, 2017). This may suggest a
parallel processing route that shapes emotional experience
in ways not captured by higher-order cognitive processes
reflected in cortical and subcortical activity. Moreover, the
sex differences observed in SCRs to angry prosody high-
light that autonomic responses can vary independently from
conscious emotional evaluation. These findings underscore
the importance of integrating ANS activity into comprehen-
sive models of emotional speech processing and of concep-
tualizing emotion processing as a multi-level system where
autonomic, subcortical, and cortical processes interact
dynamically but can also diverge depending on individual
and stimulus characteristics. Future research should explic-
itly investigate how these different levels communicate and
influence one another to better understand the complexity of
emotional speech processing.

Limitations, future directions and implications

In our study, we found no effect of emotional semantics on
SCRs. This lack of effect may be attributed to the nature
of the stimuli used in the experiment, which could have
influenced the results. In the ‘semantics only’ condition, the
contribution of semantics was isolated by using emotional
sentences pronounced with neutral prosody. This choice
was made to compare semantics and prosody on the same
modality, i.e., the auditory one. However, it is possible that
the arousal level of emotional semantics was mitigated
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by neutral prosody, thus impacting listeners’ sensitivity to
this emotional cue. As Pell et al. (2011) argued, the neutral
tone of the utterance might have been perceived by listen-
ers as incompatible with the interpretation of the emotional
semantics, thereby introducing conflicting cues. Future
studies should further investigate the impact of emotional
semantics on SCRs by comparing emotional sentences pre-
sented in written form to those spoken with neutral prosody.

Additionally, we did not find an effect of happy prosody
on SCRs. A limitation of our study is that utterances with
happy prosody had lower levels of arousal compared to
those with angry prosody (as shown by the validation tasks).
This difference in arousal makes it difficult to isolate the
specific contribution of valence in eliciting SCRs. Future
studies should further clarify the role of valence in triggering
SCRs by comparing happy and angry prosodies with similar
levels of arousal. Furthermore, this disparity in arousal was
not reflected in the overall acoustic proporties of the stimuli
as no significant acoustic differences were found between
angry and happy prosody. It might be possible that stimuli
uttered with angry prosody contain salient acoustic changes
in pitch and rhythm (such as high pitch excursions or modu-
lations in the durational patterns) or specific intonation con-
tours (in terms, e.g., of number and type of pitch accents)
that might stimulate SCRs (Cao et al., 2014; Petrone et al.,
2016). Future studies should further investigate the effects
of phonetic and phonological aspects of angry prosody on
the enhancement of SCRs.

Furthermore, the effect of angry prosody on SCRs was
limited to female listeners. As the primary goal of our study
was not to investigate sex differences in psychophysiologi-
cal responses to emotional prosody and semantics, further
research specifically addressing this concern is needed to
validate our result. In this respect, a significant limitation
of our experiment is that we used stimuli pronounced by
one female speaker. Future studies should use stimuli pro-
nounced by multiple female and male speakers to verify
whether autonomic responses are modulated by idiosyn-
cratic aspects of the speaker’s vocal identity. One hypoth-
esis may be that angry utterances spoken by male speakers
may trigger higher SCRs than angry utterances spoken by
female speakers. Indeed, men present lower f0 values than
women. These lower fO values have been associated with
higher physical strength and dominance (Gussenhoven,
2015; Sell et al., 2010; Aung & Puts, 2020). Due to these
acoustic characteristics, angry utterances spoken by male
speakers might be perceived as more threatening, hence
increasing listeners’ SCRs.

While this study focused on anger and happiness expres-
sions—primary emotions located at opposite ends of the
valence spectrum (Ekman, 1992; Russell, 1980)—we
acknowledge that this selection captures only a limited
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segment of the emotional range. Future research would ben-
efit from examining a broader range of emotions, includ-
ing those positioned along affective continua, such as anger
versus calm or happiness versus sadness, to more precisely
map how skin conductance varies with gradual shifts in
arousal. Previous studies have shown that skin conductance
scales with perceived arousal, with stronger SCRs elicited
by highly arousing stimuli compared to low-arousing stim-
uli (Bradley & Lang, 2000; Lavezzo et al., 2024). However,
it remains unclear whether similar arousal-driven patterns
are observed when emotions, positioned along a continuum,
are conveyed through the auditory channel via emotional
semantics and/or prosody, and whether these responses are
modulated by sex differences.

Similarly, more ambiguous emotions expressed through
prosody and semantics may evoke distinct autonomic pat-
terns compared to primary emotions. For instance, ‘acid
expressions’, as defined by D’Errico and Poggi (2014),
blend covert aggression, bitterness, and helplessness, and
might elicit moderate increases in skin conductance com-
pared to intense expressions of anger (e.g., hot anger), offer-
ing a valuable perspective on how emotional ambiguity
modulates sympathetic reactivity. It would also be interest-
ing to explore the impact of social emotions, such as pride
and shame, conveyed through prosody and/or semantics
on SCRs in both women and men. Some studies suggest
that pride may be more strongly experienced by men, while
shame is more prominent in women (e.g., Brody & Hall,
2008; but see Else-Quest et al., 2012). However, it remains
unclear whether these differences are also reflected in the
sympathetic nervous system, and, particularly when these
emotions are conveyed through prosody and/or semantics.

Further research is also needed to determine whether our
findings can be generalized across different cultures and
languages. Previous studies suggest that speakers rely on
emotional prosody and semantics differently depending on
language and cultural context (Kitayama & Ishii, 2002; Ishii
et al., 2003; Sauter et al., 2010; Paulmann & Uskul, 2014).
For example, Japanese listeners, belonging to a high-con-
text culture, tend to rely more on prosody, while American
English speakers, belonging to a low-context culture, rely
more on semantics to infer emotions (Kitayama & Ishii,
2002; Ishii et al., 2003). Moreover, research has shown that
vocalizations, expressing basic emotions are universally
recognized across diverse cultures (e.g., Western listeners
and the Himba community), whereas some positive vocal-
izations (e.g., triumph, relief) show culture-specific recog-
nition (Sauter et al., 2010). Cross-cultural comparisons of
SCRs to emotional prosody and semantics could provide
valuable insights into which aspects of auditory emotion
processing are universal and which are influenced by cul-
tural experience. We also note that our study focused on
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a single psychophysiological measure (SCR). Expanding
the scope to include additional psychophysiological mea-
sures—such as heart-rate variability, pupil dilation, and
facial electromyography—would provide a more compre-
hensive understanding of the psychophysiological mecha-
nisms underlying the perception of emotional semantics and
prosody.

Finally, our findings have both theoretical and practi-
cal implications. From a theoretical perspective, our study
makes a significant contribution to understanding the auto-
nomic responses involved in emotional speech processing.
With these results, we take the first steps toward develop-
ing a peripheral physiology of emotional speech, laying the
groundwork for future integration with existing models of
emotional language processing, which have largely focused
on brain and behavioural studies while often overlooking
peripheral correlates due to limited evidence (Schirmer &
Kotz, 2006; Kotz & Paulmann, 2011). Additionally, our
study contributes to the ongoing debate on sex differences
in emotional language processing (Schirmer & Kotz, 2006;
Kotz & Paulmann, 2011; Thompson & Voyer, 2014) by pro-
viding psychophysiological evidence of sex differences in
the processing of emotional prosody and semantics.

Our results also have practical implications, particularly
in clinical settings. Indicators of sex differences in the pro-
cessing of emotional prosody and semantics may serve as
valuable diagnostic aids for conditions involving emotion
regulation, such as internalising disorders like depression
and anxiety, which are more prevalent in women compared
to men (Albert, 2015; Salk et al., 2017). Indeed, individuals
with major depressive disorder show a tendency to misinter-
pret emotional prosody, exhibiting a bias toward perceiving
negative prosody and a blunting of positive prosody pro-
cessing (Péron et al., 2011). Moreover, women with depres-
sion tend to engage more in rumination and may express
more negative emotions in language compared to men
(Nolen-Hoeksema, 2012). Together, these findings highlight
the importance of integrating sex-specific patterns of emo-
tional processing into diagnostic frameworks and therapeu-
tic interventions to improve outcomes for individuals with
emotional disorders.

Conclusion

This study investigated the impact of emotional seman-
tics and prosody on behavioural and autonomic responses
as reflected in SCRs. Our work provides evidence for the
greater perceptual saliency of emotional prosody, which
may be more effective than emotional semantics in transmit-
ting emotional meanings in the auditory modality. We also
reported psychophysiological data for the impact of angry

prosody on female listeners, supporting the hypothesis of
a sex differentiation in emotional speech processing at the
autonomic level. Our findings align with the idea of emo-
tional speech processing as a multistage process involving
various processing levels, some of which partially driven by
the autonomic nervous system and mediated by specific fac-
tors such as emotional dimensions of stimuli (e.g., arousal
and valence) and the sex of listeners. Future studies are nec-
essary to confirm whether and how listeners’ behavioural
and autonomic responses are affected by the sex and vocal
identity of the speaker.
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