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Facial mimicry of visually observed emotional facial actions is a robust phenomenon. Here, we examined
whether such facial mimicry extends to auditory emotional stimuli. We also examined if participants’ facial
responses differ to sounds that are more strongly associated with congruent facial movements, such as vocal
emotional expressions (e.g., laughter, screams), or less associated with movements, such as nonvocal
emotional sounds (e.g., happy, scary instrumental sounds). Furthermore, to assess whether facial mimicry
of sounds reflects visual-motor or auditory—motor associations, we compared individuals that vary on
lifetime visual experience (sighted vs. blind). To measure spontaneous facial responding, we used facial
electromyography to record the activity of the corrugator supercilii (frowning) and the zygomaticus major
(smiling) muscles. During measurement, participants freely listened to the two types of emotional sounds.
Both types of sounds were rated similarly on valence and arousal. Notably, only vocal, but not instrumental,
sounds elicited robust congruent and selective facial responses. The facial responses were observed in
both sighted and blind participants. However, the muscles’ responses of blind participants showed less
differentiation between emotion categories of human vocalizations. Furthermore, the groups differed in the
shape of the time courses of the zygomatic activity to human vocalizations. Overall, the study shows that
emotion-congruent facial responses occur to nonvisual stimuli and are more robust to human vocalizations
than instrumental sounds. Furthermore, the amount of lifetime visual experience matters little for the

occurrence of cross-channel facial mimicry, but it shapes response differentiation.
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Human facial displays can reflect and communicate our affective
states and intentions and thus play an important role in everyday
social interactions. However, despite years of research, some
fundamental questions about these displays are still unresolved.

These questions relate to the nature of stimuli triggering facial
displays, specificity and timing of underlying muscle movements, as
well as the role of the displayer’s visual experience in shaping those
movements. The current research examined these questions by
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comparing facial responses, measured using electromyography
(EMQG), to nonvisual emotional stimuli: sounds. We used two types
of sounds conveying emotions: human vocalizations and instrumental
sounds. The goal of this part of our investigation was to test if
spontaneous and emotion-selective facial reactions occur to nonvisual
emotion stimuli and if the shape of these reactions depends on
whether a stimulus is generated by emotion-related human facial
activity (vocalization) or is generated via other means (instrumental
sounds). The second and related goal of the study was to address the
role of the displayers’ visual experience in facial reactivity to both
kinds of affective sounds, through comparing selectivity and temporal
dynamics of reactions in sighted and blind individuals. By addressing
these two goals, the current research informs the theoretical debates
about the nature and mechanism of spontaneous facial responding, as
discussed next.

The Nature and Nurture of Facial Expressions

There is a long-standing debate on facial expressions. An influential
evolutionary perspective proposes that facial expressions selectively
reflect or communicate discrete emotions, correlate with distinct
subjective states, and have partially innate, fairly fixed patterns that are
produced as well as recognized across cultures (Cowen et al., 2021;
Darwin, 2009; Ekman, 1993; Matsumoto et al., 2008). Other views
emphasize the role of local ecology, social learning, and the specific
cultural context in shaping both the production and perception of
facial expressions (Barrett et al., 2019; Russell & Fernandez-Dols,
1997, see also Fridlund, 1994; Keltner, 1995; Tiedens et al., 2000;
Weisbuch & Adams, 2012). While there is a lively debate about facial
displays’ origin and primary function, it is widely agreed that facial
expressions play an important role in social life as they reflect and
communicate affective states and intentions to others.

Spontaneous Facial Expressions and
Emotional Mimicry

One class of facial displays that is particularly interesting to
researchers is spontaneous facial expressions, as opposed to posed,
voluntary, expressions. The assumption is that spontaneous expres-
sions are more likely to reflect quicker, lower level, and less strategic
processes. These spontaneous expressions can occur to a variety of
stimuli, including others’ faces, and when their form matches the
eliciting stimulus, they are often termed “mimicry” (Dimberg, 1982;
Hess & Fischer, 2013). We will later address in more detail the
question of the difference between facial actions constituting motor
mimicry, reflecting a mere motor match; social mimicry, reflecting
an other-oriented response; and emotional response, reflecting an
underlying emotional state elicited by the stimulus. For now, however,
note that so-called emotional mimicry is an example of the broader
phenomenon. Mimicry, in general, is a tendency to spontaneously
replicate the observable behavior of others (Arnold & Winkielman,
2020; Chartrand & Lakin, 2013). As such, mimicry can refer to
multiple kinds of actions, including nonemotional facial actions such
as mouth opening or yawning (Palagi et al., 2020), or even nonfacial
neutral actions such as foot tapping, leg crossing (Ashton-James et al.,
2007; Chartrand & Bargh, 1999), and body postures (Bavelas et al.,
1986; Bernieri & Rosenthal, 1991). However, for our purposes here,
we will focus on the literature on facial responses to emotional stimuli.

WOLOSZYN, HOHOL, KUNIECKI, AND WINKIELMAN

Spontaneous facial mimicry to emotional faces has been shown in
a number of studies using facial electromyography (Dimberg et al.,
2000; Kret et al., 2013; Tamietto et al., 2009) and methods such as
the Facial Action Coding System (Ekman et al., 2002; Ekman &
Friesen, 1978) or the Maximally Discriminative Facial Movement
Coding System (Izard, 1979). The mimicry of facial muscle patterns
occurs quickly (Dimberg, 1982; Lundqvist & Dimberg, 1995), and
the perceiver does not need to be aware of one’s own facial changes
or even mimicked expressions (Bornemann et al., 2012; Dimberg
et al., 2000; Moody et al., 2007; Tamietto et al., 2009). At the same
time, Murata et al. (2016) demonstrated that this largely automatic
process may depend on whether the individual is oriented toward
inferring the emotional states of the person whose expression is
being observed.

Research on facial mimicry—with its focus on a matching
response—has been mostly focused on responses to others’ facial
expressions. However, emotions can also be conveyed and elicited
by stimuli in other modalities. Emotions expressed with sounds
are well recognized. This is the case with voice prosody (Banse &
Scherer, 1996; Leinonen et al., 1997; Scherer, 1981; Scherer et al.,
1991) and also with nonverbal affect bursts (Belin et al., 2008;
Hawk et al., 2009; Schroder, 2003; see Kamiloglu et al., 2021, for
the comparison of prosody and nonverbal vocalizations). Some
research using self-reports found that in everyday communication,
vocal expressions sometimes convey emotions better than facial
expressions (Planalp, 1996). In the more recent study by Hawk et
al. (2009), emotions expressed with simple affect vocalizations
were recognized as accurately as facial expressions. Furthermore,
emotions such as anger, contempt, disgust, fear, sadness, and
surprise were recognized even more accurately from nonverbal
vocalizations than from facial displays. Moreover, in the study by
Kamiloglu et al. (2021), participants recognized various positive
emotions more accurately when expressed via nonverbal vocaliza-
tions than prosody.

Several studies have demonstrated that emotional sounds evoke
relevant facial displays, analogous to facial expressions. In the
study by Dimberg (1990) that focused on the dimension of valence,
simple unpleasant tones elicited greater activity of the corrugator
supercilii, the muscle associated with negative valence. Similarly,
Bradley and Lang (Bradley & Lang, 2000) used emotion-evoking
sounds and observed a standard pattern of facial response, namely,
increased activity of the zygomaticus major while listening to
pleasant sounds and greater activity of the corrugator supercilii to
unpleasant sounds.

Addressing this issue in an innovative way, Arias et al. (2018,
2021) artificially transformed the neutral sentences to include
previously identified smile-specific acoustic cues in prosody (stress
and intonation). Their study revealed the activation of the zygomaticus
major and the relaxation of the corrugator supercilii to transformed
sentences, even when participants did not consciously recognize
those sentences as spoken with a smile. This study highlights that
the orofacial configuration (shape of the human mouth and face) of
the sound producer can shape the facial response of the listener,
presumably via mechanisms linking perception and action. That is,
even though musical and human expressions share certain acoustic
properties, which differentiate emotional and neutral sounds, the study
by Arias et al. (2018) showed that what triggers smiling in response to
human vocal expressions is a cue resulting from the specific human
orofacial activity at production.
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Note that the just discussed studies primarily focused on the
broad dimension of positive—negative valence. This limitation
does not apply to experiments which focused on specific emotion
categories by Hawk et al. (2012). To examine the participants’
facial expression in more detail, the authors used the Facial Action
Coding System (Ekman et al., 2002; Ekman & Friesen, 1978).
In their study, the authors used nonverbal expressions of anger,
disgust, sadness, and joy, as well as neutral sounds, represented
by grunts, retching, laughter, sobs, and cries, among others.
The sounds triggered congruent facial expressions in listeners,
including muscle movements specific not only to the valence of the
stimulus but also to a given emotion category (e.g., participants
wrinkled their noses to disgust-expressing stimuli more often
than to the other of emotion categories). Following up on earlier
demonstrations of selective facial movements to emotional sounds,
Vilaverde et al. (2024) recently showed that interfering with such
facial responses through restricting facial movements hinders a
process of differentiating authentic from posed vocal expressions,
that is, laughs and cries.

Emotion Response Versus Emotion Mimicry

One broad challenge in mimicry research is whether the observed
facial response reflects a purely motor mimicry (matching motor
response), a more socially oriented mimicry (motor response
directed at others), or an elicited emotional state (but see Shaham &
Aviezer, 2022). This challenge is particularly relevant in the context
of sounds because there is seemingly no match between the physical
form of the auditory stimulus and the facial response (e.g., compared
to a smiling response to a picture of a smile). However, Hawk and
Fischer (2016) argue that mimicry goes beyond a single modality or
a simple match in stimulus—response format. This is because people
usually respond to the meaning, rather than a mere form, of a
stimulus. In fact, recent research on facial mimicry to facial stimuli
has shown that participants can “mimic” invisible (due to occlusion)
parts of other’s faces. For example, in social contexts, participants
spontaneously activate their own cheek muscles even if they only
see the other person’s smiling eyes (because the other person’s
cheeks are occluded). Interestingly, in a nonsocial context which
deemphasized the role of observers’ focus on expression meaning,
mimicry was limited to specifically observed muscles (Davis et al.,
2017,2022). These findings are consistent with a general framework
emphasizing that in social contexts mimicry often goes beyond a
simple motor match (Hess & Fischer, 2014). Consistent with this
social view of mimicry, people are more likely to mimic emotions
that promote affiliation (e.g., happiness or sadness) than antagoniz-
ing emotions such as anger (Bourgeois & Hess, 2008; Fischer et al.,
2012; Hinsz & Tombhave, 1991; Olszanowski et al., 2020). This
tendency for stronger response to positive expressions has also been
shown in the mimicry of vocal expressions of emotions (Hawk et al.,
2012). This is important for two reasons. First, this work highlights
that even spontaneous facial reactions reflect not only the motor
configuration of the stimulus, the valence of the stimulus, but also
who is generating the stimulus and the possible social function of the
facial reaction (e.g., amplification of smiling to positive stimuli).
Second, and related, this work highlights that responses to positive
stimuli may be unique in the social context as positive stimuli may
be particularly worth “imitating” (Hess & Fischer, 2013). Both of
these points become relevant when considering potential differences
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between human-generated vocalizations and emotional sounds
generated by instruments and also to the later discussion between
facial responses of people with different amounts of visual
experience, such as the sighted and the blind, which we compare
in the current research.

People convey arousal, valence, and discrete emotions not only
through their bodies but also through cultural artifacts, including
music (Juslin, 2013; Juslin & Laukka, 2003; Murray et al., 1996;
Scherer, 2004). The review by Juslin and Laukka (2003), which
included nearly 150 studies, revealed that vocal and musical
expressions are categorized in terms of discrete emotions as accurately
as human vocalizations. This high recognition rate presumably stems
from shared acoustic characteristics of vocal/instrumental sounds.
Moreover, some studies suggest that emotions conveyed by the timbre
of an isolated musical instrument in some way resemble speech
prosody (Liu et al., 2018), connecting these studies to the recent
work on the effects of prosody as mentioned earlier (Arias et al.,
2018). Single studies explored the facial responses to positively and
negatively valenced musical pieces and found increased activity of the
zygomaticus major during listening to happy instrumental excerpts
(Kallinen, 2004; Lundqvist et al., 2009). This result is generally in line
with the results of the studies using social and nonsocial emotional
sounds (e.g., Bradley & Lang, 2000, using erotica, bombs, and
screams), though the exact comparison is missing.

Although instrumental sounds can convey emotions, evoke
facial responses, and can be a part of social context, they are clearly
distinct. One difference is that, unlike facial or vocal expressions of
emotion, instrumental sounds do not provide direct information
about the affective state of an interaction partner, whose emotion we
need to recognize, understand, and then accurately respond to in the
case of real emotion displays. To give a simple example, hearing sad
instrumental music may be clearly understood as sad or even make
the perceiver sad. However, it does not imply the musician is sad
and, thus, does not elicit similar motivation for mimicry. This is
different from contact with a sad face or a crying voice (Hess &
Fischer, 2013). Therefore, facial responses to emotional music are
less likely to be driven to the same extent by social motivation for
mimicry as emotion to human sounds. Another important difference
between instrumental sounds and human vocalizations is the
potential role of associations between production and perception—
an issue we discuss next.

Mimicry and the Amount of Visual Experience

One dominant explanation for mimicry of visual emotional
stimuli—the link between seeing a facial expression (e.g., noticing a
smile) and producing it oneself (e.g., smiling back) is visual-motor
matching. In essence, a visual input elicits congruent motor output
(Prinz, 1990). But what is the basis for the link between hearing an
emotion vocalization and responding with congruent facial display?
After all, the auditory input and motor output do not match in form.
Does this link require visual experience? According to one view, the
visual experience might indeed be, at least at some point, needed for
establishing the association between emotion vocalizations and
congruent facial responding. Along with hearing emotional vocaliza-
tions, we also often see a person’s face producing them. This could
lead to an establishment of a link between visual perception and motor
action link, which would support automatic imitation, even across
modalities (Catmur et al., 2009). From this perspective, a strong link
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between the affective sounds and facial responses would require
visual experience. From another perspective, the association between
affect vocalizations and facial responding might be independent from
any visual experience and be more linked to sound production.
After all, people engage appropriate facial muscles while producing
emotional vocalization. As Hawk et al. (2012) demonstrated, facial
muscle activity present while producing emotion vocalizations is
correlated with the one occurring during the perception of sounds
expressing those emotions. These findings suggest that the auditory—
motor association might be created via our own auditory-
proprioceptive experience. Viswanathan et al. (2024) described the
scenario of the ontogenetic development of facial imitation, which is
consistent with this proposition. Infants vocalize frequently, also
when there is no one around. While vocalizing, they learn to associate
the spectro-temporal features of the sound resulting from making a
particular orofacial gesture with their own motor facial action and
proprioceptive signals. Visual modality comes second when, during
dyadic interactions with a caregiver, a child learns to associate visually
perceived facial expressions with a motor movement triggered by
the already-known sound. Therefore, facial responses to emotional
vocalizations do not require any visual experience.

According to the studies by Arias et al. (2018, 2021), which were
focused on the expressions of happiness, happy facial displays,
particularly the contraction of the zygomaticus major, cause the
specific formant shift in the sound. This auditory cue, thus, provides
direct information about the orofacial configuration of the producer,
which triggers the corresponding muscular activity in the perceiver.
The claim of Arias and colleagues has been supported by their
recent study (Arias et al., 2021), in which blind participants
(including congenitally blind) responded with the contraction of the
zygomaticus to neutral sentences transformed to include smiling-
specific formant shift. Reflecting the potential importance of visual
experience in mimicry, our study aimed to shed more light on this
issue and compared sighted and blind participants in terms of their
facial responses to affect vocalizations, including a wider range of
emotion categories, offering a direct comparison between vocal and
instrumental sounds. In addition, like Arias and colleagues, we
compared people who vary on the amount of visual experience.

Facial Displays in the Blind

Valente et al. (2018) reviewed 21 studies published between 1935
and 2015, which focused on spontaneous and voluntarily posed facial
expressions among blind people. Concerning spontaneous expres-
sions, correlational and experimental studies on both children and
adults suggest no substantial difference in spontaneous facial
responses produced by blind or sighted individuals. However,
most studies included in the review by Valente et al. (2018) concerned
complex social situations that evoked emotions, like winning a gold
medal (Matsumoto & Willingham, 2009) or interpreting old sayings
during structured interviews (Rinn, 1991). Furthermore, the expres-
sions classified as spontaneous in those studies might also be
considered as influenced by control mechanisms or “partially posed”
in a sense that they were displayed while participants were being
watched by other people. In fact, according to Matsumoto and
colleagues (Matsumoto et al., 2009; Matsumoto & Wilson, 2023),
when a person is aware of being looked at, the immediate, initial
expressions are followed by the culturally shaped displays. Therefore,
these studies might still focus on the socially shaped responses

while overlooking the very early, initial, natural expressions that
are generated in a more anonymous setting. Therefore, to observe
genuinely spontaneous expressions, in a setting that minimizes the
sense of being watched by others, researchers have used measures
that enable unobtrusive detection of subtle, quick changes in facial
movements, like facial electromyography. In this vein, one study by
Arias et al. (2021) showed that blind individuals responded with the
zygomatic contraction to neutral sentences “read with a smile,” as
sighted participants. It remains unknown, however, whether blind
people present emotional mimicry to a wider range of categories of
auditory expressions in terms of emotion categories and mode of
production (vocal vs. instrumental).

Objectives of the Present Study

In the present study, we investigated facial responses to auditory
emotion stimuli. Our first goal was to test whether participants would
show congruent facial muscle responses to brief auditory stimuli
expressing fear, sadness, happiness, and neutral sounds and whether
facial responses would differ between human affect vocalizations
and instrumental sounds expressing the same emotion categories.
We predicted that emotional sounds would evoke facial responses
congruent with the sound category and that the responses will be
stronger in the case of vocalizations compared to instrumental sounds.

Second, to shed light on the issue of visual experience in the
establishment of the association between auditory emotion stimuli
and congruent facial responding, we examined whether those facial
responses are similar between sighted and blind individuals. The
extant theoretical considerations allow for two different predictions
regarding the importance of visual experience. If a link between
auditory perception and one’s own production of facial response is
key, blind individuals’ reaction should be similar to sighted people,
especially for the vocalization. After all, blind people use the same
facial muscles to generate vocalizations.

If a link between visual perception and facial response is key, the
sighted group should respond more robustly than the blind. This is
grounded in the idea that sighted individuals have more experience
between visual perception of the facial expression and sounds (e.g.,
hearing a laugh is associated with seeing a smile). Finally, because
musical expressions do not have a close link between the sounds and
the face-related visual, motor, and proprioceptive cues, we should
not observe any differences between sighted and blind individuals in
terms of facial responding to this sound category.

We presented a set of stimuli expressing fear, sadness, happiness,
and neutral sounds to sighted and blind participants. The stimuli
represented two types: human-made vocal emotion expressions (e.g.,
laughter, scream) and nonvocal emotional sounds (brief instrumental
sounds). Participants were freely listening to the sounds, with no
additional task, to reflect more natural facial responses. We measured
the activity of the corrugator supercilii (frowning) and the
zygomaticus major (smiling) muscles with facial electromyography.

Method
Participants

Thirty-five sighted individuals participated in the study. Two
were excluded from the analyses due to technical problems during
data collection and one because of the excessive number of artifacts
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in the EMG signal. The remaining group of 32 participants had an
average age of 31.34 years (SD = 5.82) and included 17 women. The
second group consisted initially of 20 participants with total or severe
vision loss without comorbid psychiatric or neurological disorders.
One person was excluded due to a technical problem with the
electrode attachment and another because of too many artifacts in the
electromyographic data. Out of 12 participants who agreed to provide
the data, six were congenitally blind, three participants had severe
vision loss since birth, one lost their sight in childhood, one in
adolescence, and one as an adult. No participants reported cortical
damage—vision loss was due to the eye or optic nerve damage. Single
participants reported being able to see the light, big objects, or bright
colors. None of them were able to recognize faces. The remaining
group consisted of 18 participants (M,ge = 32.5; SD,g. = 6.39; seven
female). The size of this group was limited by the recruitment capacity
of people from this specific population. Participants from the sighted
group were recruited through advertisements posted on the internet.
The second group consisted of persons associated with the Seventh
Sense Foundation and Katarynka Foundation through advertisements
posted on social media and newsletters. All participants were Polish.
They received a financial reward and provided informed consent (as
explained in the Procedure). The design of the study was approved by
the Ethics Committee for Experimental Research at the Institute of
Psychology, Jagiellonian University, in Krakow (decision number
KE/04/062018).

Experimental Materials

We used 80 short sounds that were nonverbal expressions of three
basic emotions, fear, sadness, and happiness, and 20 neutral sounds.
Half of the stimuli (40) were selected from the Montreal Affective
Voices (Belin et al., 2008), consisting of brief human-made affect
vocalizations (e.g., laughing, crying). Half of them were male and
half female. The sounds lasted on average 1.33 s (SD = 0.81). The
other 40 sounds came from the Musical Emotional Bursts database,
which was created as a musical analog of the Montreal Affective
Voices (Paquette et al., 2013). Instrumental sounds were brief
melodies played on either the violin or the clarinet. They lasted, on
average, M = 1.6 s (SD = 0.64). According to the validation made by
the authors of the databases (Belin et al., 2008; Paquette et al., 2013),
the sounds we selected for our study were characterized by high
recognizability, that is, emotions expressed by those sounds were
recognized in over 91% (happy sounds had the highest recogniz-
ability at 98.25%; fear was the lowest at 87.25%).

Procedure

Upon arrival at the laboratory, the experimenter presented
the participants with the general purpose of the study and their task,
and he/she explained the procedures, including the muscle sites’
preparation and placement of the electrodes. All subjects were
informed that they would be video recorded during the experiment.
Then, participants gave their informed consent. Sighted participants
did it in writing. Blind participants were read the form and gave their
consent verbally. Their declarations were recorded.

Before the electrodes’ attachment, the experimenter removed
any makeup, applied the abrasive paste to the electrode sites, and
cleaned them with salicylic alcohol. Using bipolar placement, the
Ag/AgCl electrodes were placed with saline-based electrode gel

over the corrugator supercilii and the zygomaticus major regions
on the left side of the face, according to the guidelines provided
by Fridlund and Cacioppo (1986). A ground electrode was placed
below the hairline in the middle of the forehead. The study consisted
of two procedures. In both, the presentation of the stimuli was
controlled by the PsychoPy software (Peirce, 2009).

The first task was to listen freely to 80 sounds. Each sound was
followed by a period of silence lasting randomly from 10 to 15 s.
The sounds were presented in a random order through the speakers
placed at the desk on both sides of the participant. The participants
adjusted the sound volume to a comfortable value before the first
task, and it stayed the same until the end of the study. Overall, the
task lasted approx. 25 min. Participants were filmed during this part
of the study to enable later offline artifact rejection.

The second procedure was evaluating the sounds on the valence
and arousal scales using the Self-Assessment Manikin (SAM;
Bradley & Lang, 2000). During this procedure, the EMG data were
not recorded. Participants rated each sound on the negative to positive
dimension (To what extent were the emotions evoked by the sound
negative or positive?) and on the calming to arousing dimension
(How calming or arousing were the emotions evoked by the sound?)
using a 9-point Likert-type scale ranging from the most negative (1)
to the most positive (9) and from the most calming (1) to the most
exciting (9). Sighted participants answered by clicking on the SAM
rating scales after each sound with a computer mouse. The emotional
judgment of participants with vision loss was rated using a tactile
version of the SAM created by Iturregui and Méndez-Ulrich (T-SAM;
2020). The T-SAM is a simplified version of the SAM prepared using
the relief printing technique. Before the evaluation procedure, the
experimenter helped blind participants become acquainted with the
scale by touch, giving them as much time as needed to get familiar
with the tool. After each sound, the experimenter asked the partici-
pants about their valence and arousal ratings, reminding them what
each end of the scale meant. Participants gave their answers orally,
and the experimenter recorded the values. After the experiment, the
experimenter debriefed all participants as to the purpose of the study.

Data Acquisition, Preprocessing, and Software

The activity from the corrugator supercilii and zygomaticus
major sites was recorded using a wireless BioSignalsPlux toolkit
(PLUX Wireless Biosignals) and a custom LabView program. The
signal was digitized with 16-bit resolution, sampled at 2000 Hz, and
filtered with a 25-500 Hz antialiasing bandpass filter.

The preprocessing of the data was conducted using BrainVision
Analyzer (BrainVision Analyzer, Version 2.2.0, Brain Products
GmbH, Gilching, Germany). First, the raw EMG data were visually
inspected, along with a video recording, to mark artifacts. All
fragments including artifacts (e.g., stemming from coughing,
yawning) were excluded from the analysis. The data of two
participants were removed due to an excessive number of segments,
including artifacts (25 segments). Then, the data were filtered with a
10-500 Hz bandpass filter, rectified, and smoothed using a moving
average transform with a 125.5 ms window size. In the next step, the
data were divided into 6 s segments—from 0.5 s before to 5.5 s after
stimulus onset—and standardized. Then, the baseline correction was
applied—the average from the 0.5 s period before the stimulus onset
was subtracted from each subsequent data point from a given trial.
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All the data were down-sampled to 2 Hz (giving 12 data points per
trial) and exported for further statistical analysis.

To analyze temporal dynamics of facial muscle reactions
(repeated-measures analyses of variance), we used SPSS 26 (IBM
Corp. Armonk, New York). To analyze facial activity indexes with a
linear mixed model, we used R-based software (R Core Team, 2023),
that is, Jamovi 2.2 (The Jamovi project, 2023) with a module GAMLj
(Gallucci, 2019), and RStudio (RStudio Team, 2023) with packages
ImerTest (Kuznetsova et al., 2017) and effectsize (Ben-Shachar et al.,
2020) to calculate effect sizes.

Transparency and Openness

We report all data exclusions, all manipulations, and all measures
in the study. The data collected during the present study are available
on the Open Science Framework (Wotoszyn et al., 2024). This
study’s design and its analysis were not preregistered.

Results
Facial Activity Indexes

As emphasized by Hess and colleagues, facial mimicry is the
spontaneous adaptation of a perceived configuration of muscle
movements and not the response of a single muscle (Hess et al., 2017;
Hess & Blairy, 2001; Olszanowski et al., 2020). Thus, following this
approach, we used a facial activity index, which considers the activity
of both the corrugator and the zygomaticus. The index is calculated
by subtracting the standardized corrugator activity from the
standardized activity of the zygomaticus. These muscles have been
shown to reflect the responses most reliably to positive and negative
stimuli. The higher the index, the stronger the activity of the
zygomaticus relative to the corrugator. Then, based on facial indexes,
we used a linear mixed model with restricted maximum likelihood
estimation and included emotion (fear, sad, happy, neutral), sound
type (vocal, instrumental), and group (sighted, blind) as fixed
factors and intercept fit across participants and stimuli as random

Figure 1
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factors (index ~ group + emotion + sound_type + 1lparticipant + 11
stimulus). Bonferroni correction was used for post hoc comparisons.
As expected, the analysis yielded a significant effect of emotion,
F(3,80.6)=11.03; p <.001; n%, =0.29. The index for happy sounds
(M = 0.28) was significantly higher than the indexes for all other
emotion categories, that is, sadness (M = 0.05; p < .001), fear (M =
0.04; p < .001), and neutral (M = 0.07; p < .001). There was also a
significant effect of sound type, F(1, 80.6) = 13.22; p < .001; nf, =
0.14, and the interaction of sound type and emotion, F(3, 80.6) =
3.52;p=.019; nf, = 0.12. Human vocalizations were linked to higher
facial indexes than instrumental sounds (M = 0.17 vs. M = 0.06). As
indicated by the results of the post hoc tests, this difference was
significant only for happy sounds (p = .002). Notably, the differences
in facial indexes among emotion categories, as those observed for the
main effect of emotion, were significant only in the case of human
vocalizations (all p < .01).

As for the between-group differences, the main effect of the group
was insignificant, F(1, 46.7) = 1.65; p = .206; nf, =0.03. However,
the analysis yielded a significant interaction between group and
emotion, F(3,3431.4)=3.41; p = .017; nf, = 0.003. The difference
between the groups concerned the facial responses to sad sounds. In
the sighted, the value of the index for sad sounds was significantly
lower than its value for happy sounds (p < .001), and in the
blind, there was no such difference (p = 1.00). Further, there was
no significant interaction between the group and sound type,
F(1,3430.3) = 1.88; p = .170; n?, < 0.001, as well as group, sound
type, and emotion category, F(3, 3430.7) = 0.12; p = .951; n%, <
0.001. The facial activity indexes for four emotion categories
divided by two sound types are shown in Figure 1.

Temporal Dynamics of Facial Muscle Reactions

We compared the temporal dynamics of both muscles’ activity
during the 5.5-s period which began at the sound presentation.
First, for each group and each muscle separately, we conducted
repeated-measures analyses of variance with factors of emotion

The Facial Activity Indexes for Four Emotion Categories and Two Sound Types for Sighted (Left Panel) and Blind (Right Panel)
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The facial indexes are calculated by subtracting the z-scored mean activity of the corrugator supercilii from the z-scored activity of the zygomaticus

major. The higher the index, the greater the zygomaticus activity relative to the corrugator activity. Error bars represent standard errors. See the online article

for the color version of this figure.
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(fear, sad, happy, neutral), sound type (vocal, instrumental), and
time (12 time points). In both groups, there was a significant effect
of emotion on the time courses of the activity of both muscles,
the corrugator, sighted: F(33, 1,023) = 2.89; p < .001; n%, =
0.09; blind: F(33, 561) = 1.49; p = .040; nf, = 0.08, and the
zygomaticus, sighted: F(33, 1,023) = 2.76; p < .001; nf, = 0.08;
blind: F(33, 561) = 1.78; p < .005; nf, = 0.10. In the case of the
corrugator, in both groups, there was no significant interaction
between time and sound type (sighted: p = .292; blind: p = .334)
as well as time, emotion, and sound type (sighted: p = .081; blind:
p = .717). In the case of the zygomaticus, only in the blind, the
interaction of time and sound type, F(11, 187) = 4.08; p = .002;
n%, = 0.19, as well as time, sound type, and emotion were
significant, F(33, 561) = 1.74; p < .007; nf, = 0.09.

To compare the groups, we conducted mixed analyses of variance
with between-subject group factor (2) and within-subject factors of
time (12), emotion (4), and sound type (2). In the case of the
violation of the sphericity assumption, the Huynh—Feldt correction
was applied. The analysis showed a significant Group X Time X
Emotion interaction in terms of the activity of the zygomaticus,
F(33,1,584) =2.01; p = .006; nf, = 0.04. The interaction of group,
time, and sound type (p = .122), as well as group, time, sound type,

Figure 2
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and emotion (p = .174) in terms of the activity of the zygomaticus,
was insignificant. There were no differences between the groups
regarding the time courses of the corrugator activity. The time
courses of the zygomaticus and the corrugator responses are
presented in Figures 2 and 3, respectively.

Stimuli Evaluation

In terms of valence rating, several patterns are worth pointing out.
First, overall the vocal sounds were rated similarly to instrumental
sounds. This is worth emphasizing because of the marked
differences in EMG responses between the two broad classes of
affective sounds. In terms of detailed comparisons, we found several
local differences both between the groups and between vocal and
instrumental emotional expressions within each group. First, sighted
participants rated fearful vocal expressions as less negative than
instrumental expressions, and blind participants rated both types of
stimuli as nearly equally negative. On the other hand, for sighted
participants, sad and happy sounds did not differ between sound
types. In the blind, sad human vocalizations were rated as more
negative than sad instrumental excerpts, and happy instrumental
melodies were rated as more positive than happy vocalizations.

Z-Scored Zygomaticus Activity in the Time Window From Stimulus Presentation to 5.5 s Later
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In the separate graphs, we present the responses to vocal versus instrumental affect sounds for sighted (left panel) and blind (right panel) participants

separately. See Supplemental Materials, Section 3, for the plots including confidence interval. See the online article for the color version of this figure.
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Figure 3
Z-Scored Corrugator Activity in the Time Window From Stimulus Presentation to 5.5 s Later
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In the separate graphs, we present the responses to vocal versus instrumental affect sounds for sighted (left panel) and blind (right panel) participants
separately. See Supplemental Materials, Section 3, for the plots including confidence interval. See the online article for the color version of this figure.

The valence ratings of the two types of sounds in both groups are
presented in Figure 4 and Table 1. All descriptive statistics and the
results of further comparisons concerning the valence and arousal

ratings are presented in the Supplemental Materials, Section 4.

Notably, the rating differences in self-reports are not reflected in
the EMG data. Regarding the sighted, there was no difference in the
facial activity index between vocal and instrumental stimuli for fear-
expressing vocalizations, which were present for self-report data. In

Figure 4
The Valence Ratings for Four Emotion Categories and Two Sound Types for Sighted (Left Panel) and Blind (Right Panel) Participants
Separately
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Table 1
The Comparisons of Valence Ratings Between Vocal and
Instrumental Stimuli in Sighted and Blind Individuals

Instrumental
Vocalization sound Difference
Group M SD M SD t p
Sighted
Fear 2.68 0.83 4.92 1.46 -2.24 <.001
Sad 3.24 0.8 3.46 1.02 -0.22 .19
Happy 6.67 1.28 6.91 0.89 -0.24 425
Neutral 4.53 0.86 5.11 0.71 -0.59 .015
Blind
Fear 3.83 1.42 3.51 1.25 0.33 3
Sad 3.29 1.23 4.78 1.2 —1.48 <.001
Happy 5.92 1.8 6.72 1.16 -0.8 .015
Neutral 4.39 1.39 4.69 0.89 -0.3 25

the blind, a significant difference in facial activity indexes concerned
the happy sounds, but the difference was in the opposite direction to
that of the valence ratings—human happy vocalizations, which were
rated as less positive, evoked a greater zygomatic response than
instrumental sounds, which were, in turn, rated higher on the
valence scale. The discrepancies in the rating of sad stimuli present
in the blind were not accompanied by any difference in terms of
facial activity. To test the claim that the effects in terms of facial
activity indexes are not due to the differences in self-reported
ratings, we used a linear mixed model, in which we included those
ratings. It confirmed our thesis. The results are presented in the
Supplemental Materials, Section 5.

Discussion
Overview

Our study used electromyography to investigate spontaneous
facial responses to auditory stimuli representing fear, sadness,
happiness, and neutral emotion categories. There were two types of
stimuli which were matched on self-reported valence and arousal:
emotional vocalizations (e.g., laughter, scream) and nonvocal brief
music excerpts (played on violin, clarinet). We expected to observe
facial responses congruent with the sounds’ emotion category.
Furthermore, we expected more pronounced and differentiated
facial responses to human vocalizations. This is because, compared
to instrumental excerpts, the production of vocalizations involves
selective activity of facial muscles, which may result in a stronger
perception—production link. The secondary goal of the study was to
explore the role of visual experience in the link between affective
sounds with facial responses. Thus, we recruited sighted and blind
individuals. If facial mimicry to affect vocalizations relies on
visual-motor associations, sighted participants should show more
pronounced effects. However, if auditory—motor associations are
key, both groups should show similar facial mimicry to affect
vocalizations. Furthermore, since, compared to affect vocaliza-
tions, instrumental excerpts are less associated with congruent
face-related production activity, we expected less differentiation in
facial responses to instrumental excerpts in both sighted and blind
participants.

835

Facial Responses to Auditory Emotion Conveyed by
Human Vocalizations Versus Instrumental Sounds

As expected, the pattern of facial activity depended on the emotion
conveyed by the sound. The index of positive facial response (greater
activity of the zygomaticus major relative to the corrugator supercilii)
was higher in response to happy sounds than to neutral sounds
and sounds expressing negative emotions, namely, fear and sadness.
Notably, the described effect of emotion on facial responses was
robust for human affect vocalizations but not for instrumental sounds.
Importantly, this difference in facial response does not seem to result
from the weaker intensity or greater ambiguity of the instrumental
excerpts. First of all, on self-reports, our participants evaluated human
vocalizations and instrumental sounds largely similarly. This finding
is consistent with previous research on instrumental sounds and
music, which found that participants can differentiate valence and
arousal in sounds (Fulcher, 1991; Murray et al., 1996) and recognize
discrete emotion categories in music (Juslin, 2013; Juslin & Laukka,
2003; Scherer, 2004). Interestingly, some physiological studies on
facial responses to music revealed a pattern analogous to facial
responses to human vocalizations. Studies conducted by Kallinen
(2004) and Lundqvist et al. (2009) showed increased activity of the
zygomaticus major in response to the positively valenced music and
negatively valenced music triggered the corrugator supercilii
activity. However, note that the previous studies did not directly
compare different kinds of sounds in one experiment. In contrast, our
study that directly compared human and instrumental sounds found
different facial responses across these stimulus categories.

The fact that spontaneous facial mimicry responses occurred to
human vocalizations but not instrumental excerpts may be due to
several factors. One possibility is that the process of emotional
mimicry serves social functions (Bourgeois & Hess, 2008; van
Baaren et al., 2009). Mimicry is involved in emotion recognition
(Oberman et al., 2007; Wood et al., 2016; but see Woloszyn et al.,
2022); it influences the level of sympathy from others and also
regulates relationships (Chartrand & Lakin, 2013; Stel, 2016; Stel
et al.,, 2010). All this may contribute to greater mimicry for a
more social stimulus—human vocalizations. Given that Murata et
al. (2016) showed that the explicit goal to infer the emotional states
of the expression producer enhances facial mimicry, we might
speculate that such an effect might also occur for cross-channel
mimicry of human vocalizations. On the other hand, an instrumental
excerpt, as effective as it may be in conveying happiness or fear,
does not constitute a social signal of the performer’s joy or distress
affording a mimicry response. On the other hand, this “social
mimicry” explanation does not easily explain why mimicry occurred
in an anonymous setting, and, more importantly, why the pattern of
results was similar between the sighted and blind participants. After
all, blind participants presumably have less experience in producing
congruent facial expressions for the audience since they do see and
therefore do not mimic others’ facial displays. Therefore, it is worth
considering contribution of mimicry as a result of associative
learning.

Note that one aspect differentiating vocal and instrumental
emotional sounds is the nature of the associative link between
auditory emotional stimulus and facial motor activity. In the case of
human vocalizations, various processes may underlie auditory—
motor associations. One possibility is that the association may
be mediated by visual information—in many cases, vocalization is
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accompanied by the sight of the interaction partner’s face, which
is spontaneously imitated. Consequently, this may lead to a link
between the motor representation of facial expression and the
vocalization of a given emotion. Viswanathan et al. (2024)
proposed the opposite direction. They suggest that the development
of facial imitation is an associative process that begins with a phase
independent of vision. Initially, the infant, as a result of repeated
vocalizations, experiences an association between specific acoustic
parameters of the sound it produces and the motor activity and
proprioceptive signals associated with the sound’s production. The
association between the sounds and the view of a face may occur
secondarily. Consistent with this proposal that mimicry can be
independent of vision are the findings of Hawk et al. (2012). They
observed that the mimicry response when listening to a vocalization
correlates with the muscle activity present when vocalizing the
same emotion. At the neural level, Warren et al. (2006) observed an
analogous phenomenon—Ilistening to nonverbal vocalizations is
associated with the activity of premotor areas involved in facial
movements. Therefore, the co-occurrence of auditory and motor
elements during one’s vocalizations may be responsible for cross-
channel mimicry.

More recent studies by Arias et al. (2018, 2021), whose results
clearly indicate the specificity of human vocal expressions,
particularly expressions of happiness, show a slightly different
dimension to the relationship between emotional vocalizations and
facial response. They demonstrated that what elicits a mimicry
response is a specific acoustic cue that arises from the contraction of
the zygomaticus major while smiling during sound production.
Therefore, facial muscle activity not only impacts how the face looks
but also shapes the acoustic features of a sound. Thus, even though
musical and vocal expressions have some common acoustic features,
which differentiate emotional and neutral sounds, the study by Arias
etal. (2018) showed that the acoustic cue, which is the consequence of
specific orofacial gesture, is the aspect that plays a decisive role in the
Mimicry process.

In the context of the differences in facial responses to vocal and
instrumental sounds, it is notable that differences in muscles’ activity
did not simply reflect the self-reported ratings of these stimuli on
the valence and arousal dimensions. Specifically, although vocal
expressions of happiness were associated with a significantly higher
facial activity index than instrumental expressions, participants
evaluated them as equally positive. In contrast, sighted participants
rated fear vocalizations as more negative and arousing than instru-
mental fear expressions, which is not consistent with the values of
facial activity indexes. This pattern of results indicates that facial
responses to auditory displays of emotion are not merely a function of
their subjective evaluation but reflect additional processes, presum-
ably related to associative learning (see also Shaham & Aviezer, 2022)
and perhaps inferences about the mental state of the sound producer
(Murata et al., 2016).

The Role of Vision

In both sighted and blind participants, facial responses depended
on the emotion category, and this effect was observed only for human
vocalizations. For instrumental sounds, which were rated similarly to
vocalizations, neither group showed variation in facial activity due
to emotion category. As mentioned earlier, the interaction of group,
sound type, and emotion was not significant, suggesting similarities

between groups. Follow-up analyses focused only on the blind group
confirmed that the blind responded analogously to the sighted group
and showed variation in facial response indexes by emotion category
and only for human vocalizations. Overall, the pattern of results
suggests the primary importance of auditory—motor association for
the development of facial mimicry of auditory stimuli. That is, both
the blind and the sighted showed facial responses to emotional sounds
but only if those sounds were vocalizations, whose production is
associated with facial movements (Arias et al., 2018).

Still, there was one interesting difference between sighted and
blind participants. In blind people, the focused follow-up analyses
revealed less differentiation between emotion categories in facial
responses to some specific human vocalizations. In this group, the
facial activity index (and also the separate activity of the zygomaticus
major; see Supplemental Materials, Section 1) associated with sad
human vocalizations was higher and, contrary to sighted participants,
was not significantly different from the index values for the other
sound categories, including happy vocalizations. This is consistent
with proposals suggesting that visual input and social feedback may
play a role in developing more subtle emotional differentiation.

Temporal Dynamics of Facial Activity

Analysis of the time courses of specific muscle activity, possible
with facial electromyography, shows what lies beneath the averaged
responses in the zygomaticus major and the corrugator supercilii.
Although in both groups, the time courses of muscles’ activity
differed depending on emotion category, in blind individuals the
primary difference between the emotions was not the different shape
of the reaction as observed in the sighted but the different strength of
the increase in and duration of the activity. Again, these differences
may reflect the role of visual and social feedback in shaping the
dynamics of emotional expressions.

As for the difference in the response dynamics between human
vocalizations and instrumental music in the sighted group, the sound
type did not statistically significantly modulate the time course of
the zygomatic muscle to different emotion categories. However,
the observed pattern of variation between sound types was similar
to that present in blind participants: Only in the case of human
vocalizations of happiness did the dynamics of the muscle response
to happy expressions visibly differ from the courses for the other
emotion categories. On the other hand, happy expressions were not
associated with a notable “smiling muscle” response for instrumen-
tal sounds.

Visual Experience and Temporal Dynamics of
Muscle Response

When considering the issue of cross-channel mimicry in blind
people, itis worth taking into account both aspects of facial activity—
average responses and temporal dynamics. On the one hand, the
effects in terms of facial activity indexes, a measure combining the
mean activity of the zygomaticus major and the corrugator supercilii
muscles, did not differ between the sighted and blind groups, which
would indicate an analogous extent of mimicry in both groups.
Similarly, the dynamics of the corrugator supercilii in response to
emotional expressions did not differ across groups.

Interestingly, the groups differed significantly in the response
dynamics of the zygomaticus major. In sighted people, once a certain
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level of muscle activity is reached within 2 s, we observe a plateau
lasting a few seconds and a decrease in the activity of the muscle,
whereas in blind people, once a similar level is reached within 2 s, we
still observe a relatively constant increase in activity, followed by a
decrease. This suggests that visual experiences can modulate the
shape of the response of at least some facial muscles. This finding is
consistent with the emphasis that mimicry is particularly concerned
with positive emotions (Bourgeois & Hess, 2008; Fischer et al., 2012;
Hinsz & Tomhave, 1991; Olszanowski et al., 2020) and the argument
that the zygomaticus major muscle can be considered “more social.”
As indicated earlier, although the smile is considered by some
researchers primarily as an expression of experienced positive
emotions (Ekman, 1992, 1993; Ekman & Friesen, 1978), according to
the position of behavioral ecology (Fridlund, 1994, 2017), it also has
important functions in social interactions. The social-functional
approach (Martin et al., 2017) lists three elementary functions of
smiling: It can reinforce desirable behavior in the recipient, signal
dominance, and serve to sustain relationships by communicating
an open attitude and willingness to establish rapport. It is this last
function that seems to be most strongly linked to emotional mimicry.

Possible Implications for the Debate on the Innateness of
Facial Expression Production

It may be useful to speculate cautiously about the possible
implications of our results for the debate about the innateness of facial
expression production. Numerous studies on emotion expressions in
blind people, both children and adults, reviewed by Valente et al.
(2018) suggest that the facial expressions of blind people generally
resemble those of sighted people, which suggests at least some
innateness in production (Matsumoto et al., 2008; Matsumoto &
Willingham, 2009). It is worth noting though that these studies were
concerned with expressions either posed or spontaneously occurring
in situations of high emotional arousal. Therefore, their conclusions
may not necessarily translate to facial responses produced to mild
intensity human vocalizations and instrumental sounds. Perhaps
more importantly, the key element in the phenomenon in mimicry is
the facial movements not only reflect (“express”) the perceiver’s
emotional state but also reflect copying some element of emotional
expressions of others and modulating one’s own expression for
others. Furthermore, as we emphasized throughout, the facial res-
ponse to sounds is at least partially shaped by learning of links
between motor production and purely acoustic perception.

In any case, it is possible that visual experience plays a small role in
the original shaping of emotional expressions but influences the later
and more socially determined process of emotional mimicry, perhaps
modulating the facial response on top of any patterns that are produced
due to the perceivers’ emotional state (Matsumoto & Willingham,
2009). As discussed, our temporal dynamics data on the zygomaticus
are generally consistent with this possibility. While our data require
caution in interpretation, especially since blind participants varied in
terms of the time of vision loss and only some were congenitally blind,
our approach is important as it highlights the need to use physiological
measures in determining the relevant dynamics and comparing
emotion stimuli that vary in terms of associations that underlie
automatic mimicry (i.e., vocal and instrumental sound). One exciting,
though technically difficult, future study could examine responses to
human vocalizations of participants who are both blind and deaf, as
they would be lacking the opportunity for both visual-motor and
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acoustic—motor learning of associations between a positive stimulus
and a particular facial configuration. If such participants produce
robust facial expressions to, say, affective odors, this would suggest a
role of innate components.

Summary

Our study indicates that mimicry responses can operate in a cross-
channel manner. Interestingly, we found the most robust facial
responses to affect vocalizations, not similarity-rated instrumental
sounds. The similarity in response to vocalizations between sighted
and blind participants suggests that visual experiences might not be
necessary for this kind of cross-channel imitation. However, social
facial feedback might play a role in shaping more subtle emotional
differentiation, including temporal dynamics of the zygomaticus
major. The observations regarding the dynamics of the muscles’
activity also demonstrate the value of the physiological measure-
ments in their ability to capture quick and dynamic changes in
spontaneous facial activity.
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