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Unisensory and Multisensory Stroop
Effects Modulate Gender Differences
in Verbal and Nonverbal Emotion Perception
Yi Lin,a Hongwei Ding,a and Yang Zhangb

Purpose: This study aimed to examine the Stroop effects of
verbal and nonverbal cues and their relative impacts on gender
differences in unisensory and multisensory emotion perception.
Method: Experiment 1 investigated how well 88 normal
Chinese adults (43 women and 45 men) could identify
emotions conveyed through face, prosody and semantics
as three independent channels. Experiments 2 and 3 further
explored gender differences during multisensory integration
of emotion through a cross-channel (prosody-semantics)
and a cross-modal (face-prosody-semantics) Stroop task,
respectively, in which 78 participants (41 women and 37 men)
were asked to selectively attend to one of the two or three
communication channels.
Results: The integration of accuracy and reaction time
data indicated that paralinguistic cues (i.e., face and

prosody) of emotions were consistently more salient
than linguistic ones (i.e., semantics) throughout the
study. Additionally, women demonstrated advantages
in processing all three types of emotional signals in the
unisensory task, but only preserved their strengths in
paralinguistic processing and showed greater Stroop
effects of nonverbal cues on verbal ones during multisensory
perception.
Conclusions: These findings demonstrate clear
gender differences in verbal and nonverbal emotion
perception that are modulated by sensory channels,
which have important theoretical and practical
implications.
Supplemental Material: https://doi.org/10.23641/asha.
16435599
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in influencing emotion perception in unisensory and multisensory situations. This study aimed to examine the Stroop
effects of verbal and nonverbal cues and their relative impacts
on gender differences in emotion perception in uni-channel,
cross-channel, and cross-modal settings wherein auditory and
visual signals are referred to as two sensory modalities and face,
prosody, and semantics as three communication channels.

erbal (e.g., semantic content) and nonverbal (e.g.,
facial expressions, prosody) cues of emotion play
an important role in conveying the feelings and
intentions in speech communication. They have been shown
to have nonequal salience in emotion cognition, which is referred to as the sensory dominance effects (Colavita, 1974).
The degree of salience among different informational channels constitutes a crucial part of the classic Stroop effect
(Melara & Algom, 2003; Stroop, 1935). Empirical evidence
also suggests that the ability in emotion cognition is not
equally represented in males and females (see Thompson
& Voyer, 2014, for a review). It remains unclear how the
two factors of sensory channel and gender can be associated
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Stroop Effects in Emotion Perception
Stroop effects have a long history in the study of human cognition, dating back to the mid-1930s when Stroop
(1935) first reported his findings. A typical Stroop setup
involves two tasks with the use of color words and word
colors as two perceptually congruent or incongruent dimensions. The baseline task tests perception in only one dimension by controlling the other, in which the participant is
asked to read the color words printed in black or name
the colors of squares. The orthogonal task manipulates the
color words printed in congruent (e.g., the word “red”
printed in red ink) or conflicting (e.g., “red” printed in
blue, green, or purple) colors, in which the participant is asked
to recognize one dimension and ignore the other. Findings
Disclosure: The authors have declared that no competing financial or nonfinancial
interests existed at the time of publication.
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of the classic Stroop studies can be characterized as two effects.
First, task effects show the asymmetry of the two dimensions,
indicating that color naming is more difficult than word reading.
Second, congruity effects highlight the influences of semantic
correspondence between the two dimensions, showing that
congruent stimuli produce faster and/or more accurate responses
than incongruent ones. Additional research on this topic further
demonstrates that tasks containing more congruent trials exert
larger interferences than those with more incongruent trials,
which is referred to as the proportion congruent effect (Bugg
& Crump, 2012). The general conclusion is that perception
is driven by both dimensional imbalance and relatedness,
which modulates the presence, magnitude, and direction of
Stroop effects (Melara & Algom, 2003; Tzelgov et al., 1992).
Stroop effects on different communication dimensions
have been a focal point of research in the context of emotion perception. While a wealth of studies converge on the
congruence-induced facilitation effect in emotion processing (Barnhart et al., 2018; Lin et al., 2020; McGurk &
MacDonald, 1976; Pell, 2005; Schirmer et al., 2005; Schwartz
& Pell, 2012), there have been mixed findings in the literature concerning the sensory dominance of communication
channels. Some researchers found a processing bias toward
linguistic information (Kitayama & Ishii, 2002; Pell et al.,
2011), whereas others claimed the predominance of paralinguistic signals, including visual (Lin & Ding, 2019; Spence
et al., 2011) and auditory prosodic (Ben-David et al., 2016;
Filippi et al., 2017; Kim & Sumner, 2017; Mehrabian &
Wiener, 1967; Schirmer & Kotz, 2003) cues. These findings
align with studies using nonaffective stimuli (Green &
Barber, 1981), suggesting that the magnitude of Stroop effects
varies across verbal and nonverbal contents. It is likely that
the sensory dominance effect is meditated by participants’
language and cultural backgrounds. In emotional speech
processing, while a linguistic dominance effect is more often
found in participants from the western culture background
(e.g., Germany, the Netherlands, and the United States),
paralinguistic cues tend to take precedence over linguistic
ones in East Asian settings (e.g., Japan and Philippines;
Ishii et al., 2003; Kitayama & Ishii, 2002; Kotz & Paulmann,
2007; Paulmann & Kotz, 2008; Pell et al., 2011). In addition
to linguistic/cultural contexts, variations in performance including a reverse pattern may be observed due to the differences in experimental stimuli and measurement indices
across studies (Ben-David et al., 2016).
Of particular note is the existence of perceptual asymmetries in emotion perception, whose interpretation may be
complicated by several experimental design issues in previous research. First, different sensory modalities have not received an equal amount of attention in previous studies. As
most research on emotion perception focuses on visual facial
displays and written words, the perception of auditory prosodic cues is much understudied (Citron, 2012; Ethofer
et al., 2006; Hawk et al., 2009; Lausen & Schacht, 2018;
Vasconcelos et al., 2017). Second, a common experimental
design is that linguistic and nonlinguistic information has
largely been separated. For instance, many studies on spoken
word recognition have been conducted with little consideration

2

for the role of paralinguistic messages (Nygaard & Queen,
2008). These works generally assume that nonlinguistic
information serves as a source of noise that may disrupt the
retrieval of abstract linguistic units (Shankweiler et al., 1977).
On the other hand, studies on voice emotion perception have
often employed nonlinguistic vocalizations (e.g., interjections,
laughter, cries, sighs, groans, screams) to avoid the potential
bias of semantic content (Belin et al., 2008; Collignon et al.,
2008; Juslin & Laukka, 2001; Koeda et al., 2013; Vasconcelos
et al., 2017), thereby underrepresenting the complexity of the
everyday running speech. Third, even though research efforts
have delved into bi-channel/modal interactions (Ethofer et al.,
2006; Garrido-Vasquez et al., 2018; Schwartz & Pell, 2012),
the dynamic interplay among more than two channels has
scarcely been addressed. In this regard, two recent investigations (Filippi et al., 2017; Lin et al., 2020) have examined
sensory dominance by involving three communication channels (i.e., semantics, prosody, and face), which provided
evidence for the salient role of nonverbal signals in crosschannel and cross-modal emotion tasks. However, emotional signals from different channels are simultaneously
presented in these studies on multisensory processing with
manipulation of selective attention. While traditional color–
word Stroop studies involve baseline tasks testing perception
in a single dimension, few emotion Stroop studies include
unisensory tasks for comparison. It remains unclear whether
paralinguistic signals dominate over linguistic ones due to
bottom-up influences (i.e., the intrinsic physical properties
of the stimuli), or top-down modulation (i.e., the requirements
of the task, the facilitation of available cues in other channels,
and the involvement of other higher-level cognitive skills such
as attention and integration; Latinus et al., 2016). To disentangle the roles of the bottom-up and top-down psychological
mechanisms in perceptual biases, it is of great significance to
examine how emotions are perceived separately in single
channels and integrated in multichannel situations.

Gender Differences in Emotion Perception
Gender has been repeatedly proposed to influence
emotion perception performance (Fischer et al., 2018; Hall,
1978; Hall & Matsumoto, 2004; Kret & de Gelder, 2012;
Lambrecht et al., 2014; Proverbio et al., 2006; Schirmer et al.,
2002; Thompson & Voyer, 2014; Zupan et al., 2016). Women
are often believed to be intuitively more sensitive to emotional information, but empirical findings do not show a
consistent pattern of female superiority. While some researchers did not observe a significant effect of gender (Hawk
et al., 2009; Martin & Altarriba, 2017; Paulmann et al., 2008;
Sauter et al., 2013), there is mounting evidence that women
are more competent in emotion perception than men (Belin
et al., 2008; Collignon et al., 2010; Donges et al., 2012; Hall,
1978; Hall & Matsumoto, 2004; Hampson et al., 2006;
Hoffmann et al., 2010; Koeda et al., 2013; Kret & de Gelder,
2012; Lausen & Schacht, 2018; Li et al., 2008; Menezes
et al., 2017; Scherer & Scherer, 2011; Vasconcelos et al.,
2017; Zupan et al., 2016). But the magnitude of gender
differences remains unclear. Hall (1978) showed a moderate

Journal of Speech, Language, and Hearing Research • 1–19

Downloaded from: https://pubs.asha.org University of Minnesota, Minneapolis - Library on 10/13/2021, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions

effect size of female advantages, while a recent meta-analysis
conducted by Thompson and Voyer (2014) indicated that
female advantages are by and large small (d = .19).
Some studies further delved into the differences between men and women using a Stroop paradigm. While
the presence and extent of gender differences in traditional
color–word Stroop effects are far from conclusive (Baroun
& Alansari, 2006), studies on emotion perception tend to
converge on the view that women show greater Stroop interference effects of nonverbal cues on verbal ones compared
to men. For instance, Schirmer and Kotz (2003) provided
electrophysiological evidence showing women’s greater difficulty in preventing interferences by prosody in semantic
processing in a prosody–word interference task, which is in
agreement with their earlier priming study indicating an earlier use of prosodic information during word processing in
women (Schirmer et al., 2002). Similarly, later neuroimaging
studies using Stroop-like paradigms also suggested that
women are more susceptible to influences from emotional
prosody in word processing and may need less conscious inferences in emotional prosody processing (Imaizumi et al.,
2004; Schirmer et al., 2004).
One noteworthy point is that most of the Stroop studies on gender differences in emotion perception were conducted with participants speaking a nontonal language and
relying on an alphabetic writing system (e.g., German). It
remains to be tested to what extent these gender differences
in emotion perception can be generalized across languages
and culture (Alansari, 2004; Alqarni & Dewaele, 2018;
Chentsova-Dutton & Tsai, 2007; Hawk et al., 2009; Koeda
et al., 2013; Sauter et al., 2010; Schirmer & Kotz, 2006;
Schirmer et al., 2005). Emotion perception performances
can also vary due to the effects of other participant-related
factors (Thompson & Voyer, 2014), such as age (e.g., children
vs. young adults vs. old adults; Lausen & Schacht, 2018;
Paulmann et al., 2008; Sauter et al., 2013; Thompson &
Voyer, 2014), health status (e.g., healthy vs. clinical [e.g.,
schizophrenia and dementia]; Horley et al., 2010; Scholten
et al., 2008), and hearing status (Husain et al., 2014; Most
& Michaelis, 2012; Picou et al., 2018). In addition, findings
may diverge due to manipulations in task paradigms (e.g.,
unisensory vs. multisensory; Collignon et al., 2010; Hawk
et al., 2009), target communication channels (e.g., facial vs.
prosodic vs. semantic; Hall & Matsumoto, 2004; Hawk
et al., 2009; Schirmer et al., 2005), and the number and
types of emotional categories involved (Belin et al., 2008;
Collignon et al., 2010; Deng et al., 2016; Kret & de Gelder,
2012; Schirmer & Kotz, 2003; Schirmer et al., 2002).

The Current Study
This study aimed to investigate the gender differences
in Stroop effects of verbal and nonverbal emotion perception in a Mandarin Chinese context. We followed up our recent study (Lin et al., 2020) with a focus on happiness and
sadness as our target emotion categories. These two represent a universal, uncontroversial, and highly distinctive pair
of emotions that are more accurate and stable in recognition

from an early age when compared with other basic emotions
(e.g., fear, disgust, and surprise). The basic emotion categories of happiness and sadness play a crucial role in social
interactions throughout developmental stages (Ekman &
Cordaro, 2011; Flom et al., 2008; Garcia & Tully, 2020;
Lawrence et al., 2015). Emotional stimuli were presented
from three communication channels in two modalities:
visual cues included facial expressions, and auditory signals
were spoken words with variations in emotional prosody including neutral tone of voice.
We extended our previous study by increasing the
sample size for each experiment by systematically testing
unisensory and multisensory emotion perception in a unidimensional identification task and a two-dimensional and
three-dimensional (3D) Stroop task. Specifically, Experiment 1 compared how men and women processed emotional
face, emotional prosody, and semantics as three independent channels. Experiments 2 and 3 required participants to
selectively attend to one of the concurrently presented channels in a cross-channel (prosody–semantics) and a cross-modal
(face–prosody–semantics) emotion identification task, respectively. Based on previous studies showing paralinguistic
dominance effects in East Asian contexts and female advantages in emotion processing, we predicted that during unisensory and multisensory emotion perception, paralinguistic
signals of emotions would be more perceptually salient than
linguistic ones in the Chinese participants (Hypothesis 1).
In addition, women would demonstrate greater sensitivity
to the emotional signals, and be more susceptible to the
influences of nonverbal signals on verbal ones in multisensory emotion perception (Hypothesis 2). It is possible that
the two hypotheses are only partially supported or even not
supported in the three experimental conditions featuring
unisensory and multisensory processing of emotion, which
provides an opportunity to examine under what conditions/
contexts the hypotheses are not supported. The findings
would contribute to our understanding of how theoretical accounts of Stroop effects of verbal (semantic) and
nonverbal (facial and prosodic) channels and gender differences converge in shaping uni- and multisensory emotion
perception. The results can also provide insights for further
efforts in exploring the underlying brain mechanisms and
developing appropriate diagnosis and intervention methods
that may benefit patients with hearing impairments and
gender-related psychiatric disorders.

Experiment 1
Method
Participants
The study was approved by the institutional review
board (IRB) at Shanghai Jiao Tong University (SJTU).
Eighty-eight volunteers (43 women and 45 men1) were
1

The biological sex of the participants was recorded and entered for
gender in data analysis for all three experiments.
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recruited to take part in this unisensory emotion identification test through an online campus advertisement on the
SJTU website. Women were on average 23.8 years old (SD =
2.4), and men had a mean age of 23.6 years (SD = 2.9).
Men and women were balanced in terms of formal school education (Mwomen = 17.3, SD = 2.4; Mmen = 17.1, SD = 2.9).
All participants were native speakers of Mandarin Chinese,
and were studying at SJTU as undergraduate or graduate
students at the time of testing. All were nonmusicians, who
had received no formal musical training within the last
5 years and less than 2 years of musical training prior to
that (Wu et al., 2015). All had normal or corrected-tonormal vision and normal hearing as verified by a standard
audiometric assessment for pure tones from 0.25–8 kHz
(≤ 20 dB HL; Koerner & Zhang, 2018), and were without any medical history of speech, language, and hearing
disorders, or neurological problems. All participants gave
their written informed consent prior to inclusion in the experiment, and were financially compensated for their time.

Stimuli
The stimuli in the unisensory emotion identification
test consisted of emotions conveyed in three different communication channels, namely facial expressions, prosody,
and semantic content. Each stimulus expressed one of the
three basic emotions (i.e., happiness, sadness, and anger;
Ekman, 1992) or neutrality. The target emotions of this
experiment were “happiness” and “sadness,” which were
consistently investigated in Experiments 2 and 3. Stimuli
of “anger” and “neutrality” were inserted as emotional and
nonemotional distractors respectively to make the judgment
process more challenging and lower the effect of chancelevel binary selection, and did not enter statistical evaluation
of the experimental conditions.
Sixty-four stimuli were included in the facial, prosodic,
and semantic channels, respectively. The number of stimuli in
each of the three channels was balanced between four categories of expressions and between actors and actresses, yielding
eight emotional stimuli per category for each gender in each
channel. All stimuli were presented to the participants once.
An earlier norming study was conducted to perceptually
validate the experimental stimuli. Twenty-three normal adult
native speakers of Mandarin Chinese (11 women and 12 men)
who did not participate in the current research were invited
to judge the reliability of the materials. All included target
stimuli received over 90% identification accuracy for emotional categories, and an average rating > 3 on a 7-point
Likert scale (0 = not intense, 6 = very intense) for emotion
intensity within each emotional category. Only words with
an average rating of > 3 for familiarity on a 7-point Likert
scale (0 = not familiar, 6 = very familiar) were included as
the prosodic and semantic stimuli in the auditory modality.
Specifically, the facial stimuli came from the Chinese
Affective Picture System (Bai et al., 2005), a well-established
database with a standardized set of black-and-white photographs of Chinese actors and actresses posing emotional or
neutral facial expressions. The facial expressions of happiness,
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sadness, anger, and neutrality produced by eight actors and
eight actresses were selected based on the identification accuracy of emotional category and ratings of emotional intensity
in the norming study.
The prosodic and semantic stimuli included words
uttered by four Chinese professional speakers (two actors
and two actresses) in a quiet laboratory setting, and digitized
into a MacBook Pro computer with AVID Mbox Mini at a
sampling rate of 44.100 kHz with a 16-bit resolution. A word familiarity test was administered in the norming study to ensure
that all the selected words were common to native speakers
of Mandarin Chinese. Each word was portrayed 3 times by
the four speakers, and the best ones were selected according to
the results of the norming study. For the prosodic stimuli, the
speakers enunciated semantically neutral disyllabic concrete
words (e.g., 风扇, “fan” in Chinese; 面包, “bread” in Chinese)
in happy, sad, angry, and neutral tone of voice. For the semantic stimuli, the speakers uttered the disyllabic words indicating happy (e.g., 喜悦, “delighted” in Chinese), sad (e.g.,
沮丧, “upset” in Chinese), angry (e.g. 愤怒, “indignant” in
Chinese) emotions, and neutrality (e.g., 普通, “common” in
Chinese) in a neutral prosody. See Supplemental Tables S1
and S2 for the list of included words for semantic and
prosodic stimuli, respectively.

Procedure
The experiment was carried out in a sound booth with
the participant seated in a comfortable chair at around 70 cm
from an LCD monitor. E-Prime (Version 2.0.8.22; Psychology
Software Tools, 2012) was used as a stimulus presentation
program. The visual stimuli (i.e., emotional faces) were displayed
in the center of an LCD screen over a constant white background, and the auditory ones (i.e., emotional prosody and
words with semantic content) were presented binaurally over
Sennheiser HD280 PRO headphones at 70 dB SPL.
This unisensory emotion identification test comprised
three subtests, namely face emotion identification task,
voice emotion identification task, and emotional semantics identification task. There were altogether 192 trials of
three separate blocks, with each block containing 64 trials
of emotional stimuli presented in one of the facial, prosodic,
or semantic channels. Each block started with a familiarization phase in which there was a practice test with eight
trials. Participants needed to reach 100% accuracy in the
practice test before entering the test session. Each trial began
with a fixation cross in the center of the screen for 1,100 milliseconds (ms). Then emotional stimuli were presented, at the
onset of which participants were required to identify which
emotion was being portrayed by the actor or actress in a
four-choice task. They responded by pressing one of the four
emotion-coded keys on a keyboard (“v” for happy, “b” for
sad, “n” for angry, and “m” for neutral) as quickly as possible. Accuracy and response time were measured from stimulus onset. After the response, a blank screen was displayed
for 1,000 ms before the next trial began. The presentation order of the blocks was fully randomized across participants,
and the trial order in each block was pseudorandomized so
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that none of the two consecutive trials presented emotion of
the same category. Participants were allowed to have a short
break for up to 30 s after running every 32 trials.

Figure 1. Mean (a) accuracy and (b) reaction time in the three
emotion identification tasks by men and women in Experiment 1.
Mean accuracy and reaction time are displayed in the violin plots
with data distribution shape indicated by the density plots, and
mean values represented by the black dots.

Statistical Analyses
We applied a series of generalized linear mixed-effects
models in R (Version 3.6.1) with the lme4 package (Bates
et al., 2015) for data analysis. We excluded the filler trials
so that only trials of the target happy and sad emotions were
included in the analyses. Accuracy and reaction time data
were entered as dependent variables in the mixed-effects
models respectively. A binomial distribution with a logit link
function was applied for the analysis of accuracy data, and
a gamma distribution with a log-link function was employed
for the analysis of reaction time data (Lo & Andrews, 2015).
Between-subject variable participants’ gender (two conditions:
female and male) and within-subject variable identification
task (three conditions: facial, prosodic, and semantic) were entered as categorical fixed factors, in which female participants
and the facial channel were set as the baseline level, respectively. When a pairwise comparison between the prosodic
and semantic channels was conducted, prosody was used as
the baseline level. Individual viewer (listener) participants
and test items were entered as random factors for intercepts.
Tukey’s post hoc tests in the emmeans package (Lenth, 2020)
were implemented for pairwise comparison in case of a significant main effect or interaction. The full models for accuracy and reaction time analyses in Experiment 1 are specified
in formulas (1) and (2) in Supplemental Material S1.

Results
The table in Appendix presents a summary of the significant effects in all three experiments. The detailed results
of the generalized linear mixed-effects models for accuracy
and reaction time for target emotions (happiness and sadness)
in Experiment 1 are summarized in Supplemental Tables S3
and S4.2

Accuracy
Overall, participants identified the emotional stimuli
with substantially high accuracy (M = 93.9%, SD = 10.7%).
Figure 1(a) illustrates the mean proportion correct in three
emotion tasks by men and women.
Generalized linear mixed-effects analyses showed significant main effects of gender, χ 2(1) = 6.37, p = .012,
Cohen’s w = .27, and task, χ2(2) = 74.81, p < .001, w = .92.
Compared with men, women achieved 1.2% ± 0.8% higher

2

Filler trials (anger and neutrality) were originally included in the
mixed-effects analyses, which did not change the gender differences
reported here in meaningful ways. See Supplemental Table S5 for
summary of the generalized linear mixed-effects models with both
target (happiness and sadness) and filler (anger and neutrality) trials in
Experiment 1.

identification accuracy regardless of task type (β^1 = .41,
SE = .16, z = 2.58, p = .010, Cohen’s d = .28). Women
tended to outperform men in all three channels with the
greatest gender difference manifested in the prosodic task
(β^3 = .56, SE = .20, z = 2.83, p = .005, d = .30), though
no significant interaction between task and gender was
found, χ 2(2) = 1.81, p = .404, w = .14. When collapsed
across gender, the facial task elicited 3.3% ± 0.8% more accurate responses than the prosodic one (β^2 = 1.05, SE = .15,
z = 7.13, p < .001, d = .76), and 2.6% ± 0.8% more than the
semantic one (β^2 = 1.17, SE = .15, z = 7.63, p < .001, d =
.81). No significant difference was found between the prosodic and semantic tasks ( p = .638).

Reaction Time
When analyzing reaction time data, we excluded incorrect responses (3.9%) and responses over 2 SDs from
the mean (3.6%; Baayen & Milin, 2010; Chien et al., 2017).
Figure 1(b) illustrates the mean reaction time in three emotion tasks by men and women.
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Generalized linear mixed-effects analyses revealed a
significant main effect of task, χ2(2) = 1160.19, p < .001,
w = 3.63. Compared with the facial task, response time was
increased by 440.0 ± 20.6 ms in the prosodic task (β^2 = −.30,
SE = .01, z = −25.4, p < .001, d = −2.71), and by 575.0 ±
20.6 ms in the semantic task (β^2 = −.39, SE = .01, z =
−32.83, p < .001, d = −3.50). There was also a significant
increase by 135.0 ± 22.7 ms in the semantic task relative
to the prosodic task (β^2 = −.09, SE = .01, z = −6.79, p < .001,
d = −.72). There was no main effect of gender, χ2(1) = .01,
p = .935, w = .01. Neither of the gender produced significant interaction with the factor task, χ2(2) = 1.05, p = .592,
w = .11.
The integration of accuracy and reaction time data
demonstrated that while face served as the most dominant
channel in unisensory emotion perception, prosody had
greater perceptual salience than semantics. In addition,
women showed greater advantages in decoding emotions
from all three communication channels.

Experiment 2
In Experiment 1, emotional information was presented
in isolation without reciprocal interactions that could happen
in natural communication situations. This raises the question
of to what extent the observed gender differences can be generalized to more complex and authentic interaction settings,
in which gender effects might be confounded by higher-level
cognitive demands. We thus tested whether the reported gender differences in the unisensory experiment could be preserved
during multisensory integration of emotions by implementing
a cross-channel (prosody–semantics) emotion perception task.

communication channels, namely prosody and semantic
content. The stimuli included 32 disyllabic spoken words in
Mandarin Chinese, each of which conveyed either happiness or sadness in emotional prosody and semantics. Half of
these auditory stimuli were congruent in emotional prosody
and semantics, and the other half conveyed incongruent
emotions in the two channels, yielding eight happy semantics with happy prosody, eight happy semantics with sad
prosody, eight sad semantics with happy prosody, and eight
sad semantics with sad prosody. Each spoken word was portrayed 3 times by the six speakers (three women and three
men). As in Experiment 1, the best exemplars were selected
based on the results of a norming study to ensure that words
were relatively familiarized by the native speakers, and received high identification accuracy of emotional categories
and similar rating of emotional intensity. A brief description
of stimuli in the two channels is provided below. See Supplemental Table S6 for the spoken words used in Experiments 2
and 3.
(a) Prosodic channel. The 32 words were randomly
chosen to be enunciated with either a happy or sad prosody by six professional speakers (three actors and three actresses). There was an equal number of words uttered by
female and male actors (16 for each gender). The lexical
tone combination of the disyllabic words was matched between the happy and sad prosodic sets so as to avoid the
potential confound of lexical tones on emotion expression.
(b) Semantic channel. The 32 spoken words expressed
a happy or sad emotion in semantic content. Sixteen words
were synonyms of “happy,” and the other 16 were synonyms
of “sad,” most of which were selected from Chinese Affective
Words System (Wang et al., 2008). The number of spoken
words was balanced between happy and sad emotional semantics (16 for each emotion), and between female and male actors
(16 for each gender).

Method
Participants

Procedure

A separate group of seventy-eight native Chinese students at SJTU (41 women and 37 men) was recruited for the
multisensory Stroop tests (Experiment 2 and 3). We informed
the volunteers that the experiment contained two phases, and
participants would be reinvited 2 weeks later. Women had a
mean age of 22.8 years (SD = 2.5), and men were on average
23.2 years old (SD = 3.5). Men and women were balanced in
terms of formal school education (Mwomen = 16.2, SD = 2.3;
Mmen = 16.7, SD = 3.5). Subject inclusion/exclusion criteria
were the same as Experiment 1. All reported no history of
speech, language, or hearing disorders, and neurological
impairments, and had normal or corrected-to-normal vision
and normal hearing as verified by the audiometric screening
as implemented in Experiment 1. They completed written
consent forms as required and approved by the IRB.

The settings of this cross-channel Stroop test were
similar to Experiment 1, and we followed the exact same
procedures used in our previous study on prosody–semantics
emotion perception (Lin et al., 2020). The test required the
participants to manipulate their selective attention to either
the emotional prosody or semantics according to the auditory instruction given at the beginning of each trial. They
were asked to identify the emotion conveyed through tone
of voice while ignoring the semantic meaning of the emotional words when the auditory instruction “emotional
prosody” preceded the trial (prosodic task). When the
instruction “emotional semantics” was provided (semantic
task), participants needed to identify the emotion indicated
by word meaning while ignoring emotional prosody.
After a familiarization phase with four practice trials
consecutively reaching 100% accuracy, the test phase started.
There were altogether 64 trials: each of the 32 auditory items
with an equal number of congruent and incongruent pairs
(16 each) was presented twice. Each trial began with an auditory instruction of either “emotional prosody” or “emotional

Stimuli
In this cross-channel test, emotional information
was expressed auditorily and concurrently through two
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semantics” for 1,100 ms as an instructional prompt. Then
emotional prosody and semantics were binaurally and simultaneously presented over the headphones. Meanwhile on the
screen, participants were asked to identify the emotion conveyed in the attended channel as quickly as possible by pressing the corresponding emotion-coded keys on a keyboard
(“f” for happy and “j” for sad). The positioning of happy
and sad response buttons was counterbalanced across participants. Accuracy and response time were measured from
stimulus onset. After each response, a blank screen was displayed for 1,000 ms before the next trial began. The presentation order of the test trials was pseudorandomized so
that none of the three consecutive trials presented emotion
through the same channel. In this case, it is unlikely for the
participants to anticipate the target information to attend to
in the upcoming trial. There was a short break of up to 30 s
after completing the first 32 trials.

Figure 2. Mean (a) accuracy and (b) reaction time in the prosody–
semantics emotion identification tasks by men and women in
Experiment 2. Mean accuracy and reaction time are displayed in
the violin plots with data distribution shape indicated by the density
plots, and mean values represented by the black dots.

Statistical Analyses
As in Experiment 1, a series of generalized linear
mixed-effects models with accuracy and reaction time as
separate dependent variables were then implemented. A binomial distribution with a logit link function was applied
for the analysis of accuracy data, and a gamma distribution with a log-link function was employed for the analysis
of reaction time data (Lo & Andrews, 2015). The categorical fixed factors included between-subject variable gender
(two conditions: female and male), and within-subject variables task (two conditions: prosodic and semantic) and congruency (two conditions: congruent and incongruent), in
which female participants, the prosodic task, and congruent condition were used as the baseline level, respectively.
The random factors were listener participants and test items
for intercepts. In case of a significant main effect or a significant interaction effect, Tukey’s post hoc tests were performed, using the emmeans package (Lenth, 2020). The
full models for accuracy and reaction time analyses in Experiment 2 are specified in formulas (3) and (4) in Supplemental Material S1.

Results
The detailed results of the generalized linear mixedeffects models for accuracy and reaction time in Experiment
2 are summarized in Supplemental Tables S7 and S8.

Accuracy
Overall, participants identified the emotional stimuli
with substantially high accuracy (M = 93.4%, SD = 14.6%).
Figure 2(a) illustrates the mean proportion correct in the
prosody–semantics Stroop task by men and women.
Generalized linear mixed-effects analyses showed no
main effect of task, χ2(1) = .03, p = .857, w = .02, but a significant main effect of gender, χ2(1) = 4.50, p = .034, w =
.24, and a significant interaction between gender and task,
χ2(1) = 10.09, p = .001, w = .36. Within the prosodic task,

women made emotional judgments with 5.1% ± 1.4% higher
accuracy than men (β^4 = .80, SE = .22, z = 3.60, p < .001,
d = .41). Within the semantic task, there was no significant
difference between participants of the two genders ( p =
.849). The Stroop interference effect of emotional prosody
on semantics was significant for women (β^4 = .47, SE =
.22, z = 2.12, p = .034, d = .24) but not for men (β^4 = −.29,
SE = .21, z = −1.43, p = .152, d = −.16). A main effect of
congruence was also found, χ2(1) = 30.17, p < .001, w =
.62. Congruent stimuli elicited 6.0% ± 0.7% higher accuracy
than the incongruent ones (β^3 = 1.09, SE = .18, z = 6.02,
p < .001, d = .68). There was no significant interaction between gender and congruence, χ2(1) = .18, p = .672, w =
.05, between task and congruence, χ2(1) = 1.71, p = .191,
w = .15, and among gender, task, and congruence, χ2(1) =
.03, p = .873, w = .02.

Reaction Time
When analyzing reaction time data, we excluded incorrect responses (5.0%) and responses over 2 SDs from the
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mean (3.5%; Baayen & Milin, 2010; Chien et al., 2017).
Figure 2(b) illustrates the mean reaction time in the prosody–
semantics Stroop task by men and women.
Generalized linear mixed-effects analyses showed a significant main effect of task, χ2(1) = 6.28, p = .012, w = .28,
and congruence, χ2(1) = 27.05, p < .001, w = .59. Participants responded at 92.6 ± 29.5 ms faster to the prosodic task
than to the semantic task, β^2 = −.08, SE = .03, z = −2.60,
p = .009, d = −.29, and 169.0 ± 20.5 ms faster to the congruent stimuli than to the incongruent ones, β^3 = −.14, SE =
.02, z = −6.27, p < .001, d = −.71. The analyses revealed no
main effect of gender, and no significant interaction between any of the two fixed factors, and among the three
(all p values > .05).
In this cross-channel emotion Stroop experiment, participants showed better performances when selectively attending to prosody compared with semantics, and also when
encountering stimuli with congruent information compared
with incongruent ones. Additionally, female participants
perceived emotional signals more successfully than males
when attention was given to prosody irrespective of congruence conditions.

Experiment 3
In the present experiment, we were interested in determining whether participants’ performances would continue
to be influenced by attentional allocation when involved in
cognitively more demanding cross-modal (face–prosody–
semantics) emotion Stroop tasks. We explored whether
gender differences in the Stroop effects of emotional prosody on semantics would still be present when visual facial
expressions, a more perceptually salient channel/modality,
were simultaneously presented. We involved the same panel
of participants as in Experiment 2 to investigate whether
or not and under what circumstances men’s and women’s
performances in prosodic and semantic identification might
be facilitated or interfered by emotional faces.

Method
Participants
As stated in Experiment 2, the same group of 78 students (41 women and 37 men) took part in the multisensory
emotion identification tests (Experiments 2 and 3). For each
participant, the second phase was administered at least 2
weeks apart from the first one to undermine carryover effects.
Participants completed IRB-approved consent forms, and
were paid for their participation in Experiments 2 and 3.

Stimuli
Happy and sad emotions were simultaneously expressed
in three communication channels through two sensory modalities, which constituted the auditory (i.e., prosodic and
semantic) and visual (i.e., facial) stimuli in this cross-modal
test. The prosodic and semantic stimuli included the same
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set of 32 spoken words used in Experiment 2. The visual facial stimuli contained 32 black-and-white photographs of
static facial expressions of emotion chosen from the Chinese
Affective Picture System (Bai et al., 2005). Similar to the
auditory stimuli, these facial expressions were subject to a
norming study and adopted in our cross-modal emotion
perception research (Lin et al., 2020), and also identical to
the set of happy and sad faces employed in the block of face
emotion identification in Experiment 1. The number of faces
was balanced between happy and sad emotions, and between
male and female actors, thus yielding eight faces per emotion
category for each gender.
For each auditory stimulus, four emotional faces (two
happy and two sad) portrayed by four actors of the same
sex were paired in a trial. Among the three channels, two
were congruent in the emotional category while the remaining one was incongruent against the other two, yielding
three congruence conditions: prosody–semantic content congruent (facial incongruent), prosody–face congruent (semantic
incongruent), and face–semantic content congruent (prosodic
incongruent). In a fourth condition (cross-channel congruent
condition), a congruent emotional category was expressed
through three channels simultaneously, which served as a
cross-congruent control for comparison.

Procedure
Like Experiment 2, we adopted the same protocol
from our previous study (Lin et al., 2020) on face–prosody–
semantics emotion perception for Experiment 3. The test
required the participants to selectively attend to one of the
three simultaneously presented channels (i.e., facial, prosodic, and semantic) based on the auditory prompt provided
at the beginning of each trial. When the instruction “emotional face” was given (facial task), participants needed to
identify the emotion displayed by the facial expression while
ignoring the emotions conveyed through the auditory modality (i.e., prosody and semantics). When the instruction
changed to “emotional prosody” (prosodic task), participants needed to concentrate on the emotion conveyed through
tone of voice while ignoring information in the facial and
semantic channels. When the instruction was to attend to
“emotional semantics” (semantic task), they were told to
identify the emotional category of word meaning while ignoring the information in the other two paralinguistic communication channels.
Participants entered the experiment after familiarizing themselves with the task requirements by running eight
practice trials with 100% accuracy. The test session consisted of 96 trials: 32 pairs of audiovisual items were presented 3 times. There were a total of 32 trials targeting
facial expression, 32 targeting prosody, and 32 targeting
semantic content. In each target channel, there was an equal
number of trials for the four congruence conditions (eight
trials each). Each trial began with an auditory instruction
prompt indicating the target channel to attend to. A facial expression was displayed in the center of the screen, together with
emotional prosody and semantics delivered over headphones.
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The onset of auditory and visual emotional cues was kept
identical in each trial, from which accuracy and reaction time
were measured. Participants were asked to identify the emotion conveyed in the attended channel as quickly as possible
by pressing the corresponding emotion-coded keys on a
computer keyboard (“f” for happy and “j” for sad). The
positioning for “happy” and “sad” response buttons was
counterbalanced across participants. After responses were
made, a blank screen was displayed for 1,000 ms before
the next trial began. As in Experiments 1 and 2, pseudorandomization of the test trials was implemented to ensure
that none of the two consecutive trials presented emotion
through the same channel. Thus, participants are unlikely
to be able to make a strategic prediction of the target channel in the upcoming trials. Participants were allowed to take
a short break of up to 30 s after every 32 trials.

Statistical Analyses
As in Experiments 1 and 2, accuracy and reaction
time were entered as dependent variables respectively in generalized linear mixed-effects models. A binomial distribution
with a logit link function was applied for the analysis of
accuracy data, and a gamma distribution with a log-link
function was employed for the analysis of reaction time
data (Lo & Andrews, 2015). The categorical fixed factors
included between-subject variable gender (two conditions:
female and male), and within-subject variables task (three conditions: facial, prosodic, and semantic) and congruency
(four conditions: facial incongruent, prosodic incongruent,
semantic incongruent, and cross-channel congruent), in which
female participants, the prosodic task, and cross-channel
congruent condition were used as the baseline level, respectively. When conducting a pairwise comparison between
prosodic and semantic tasks, prosody was set as the baseline level. The random factors were viewer (listener) participants and test items for intercepts. In case of a significant
main effect or a significant interaction effect, Tukey’s post
hoc tests were performed, using the emmeans package
(Lenth, 2020). The full models for accuracy and reaction
time analyses in Experiment 3 are specified in formulas
(3) and (4) in Supplemental Material S1.
In addition, we conducted within-participant analyses
to compare performance between Experiments 2 and 3. A
series of paired-sample t tests were performed to examine how
accuracy and reaction time of men and women were affected
by the inclusion of emotional faces under the congruent and
incongruent conditions in the prosodic and semantic tasks.

Results
Generalized Linear Mixed-Effects Analyses
The detailed results of the generalized linear mixedeffects models for accuracy and reaction time in Experiment 3 are summarized in Supplemental Tables S9 and S10.
(a) Accuracy. Overall, participants identified the emotional stimuli with substantially high accuracy (M = 94.7%,
SD = 9.1%). Figure 3(a) illustrates the mean proportion

correct in the face–prosody–semantics Stroop task by men
and women.
Generalized linear mixed-effects models suggested
main effects of task, χ2(2) = 7.25, p = .027, w = .30, and
congruence, χ2(3) = 27.07, p < .001, w = .59, and a significant interaction between task and congruence, χ2(6) = 21.82,
p = .001, w = .53. To parse out the interaction effect, we
compared the cross-channel congruent control condition
with the other three conditions in which two communication
channels were congruent while the remaining one was
incongruent in each task. For the facial expression–oriented
task, there was no significant difference in accuracy between
the cross-channel congruent condition and any of the three
incongruent conditions ( p > .05). For the prosody-oriented
task, the prosodic incongruent (semantic–facial congruent)
condition was 7.7% ± 1.3% less accurately identified than
the cross-channel congruent condition (β^5 = 1.61, SE = .39,
z = 4.16, p < .001, d = .47). The semantic incongruent (prosodic–facial congruent) condition (p = .360) and the facial
incongruent (semantic–prosodic congruent) condition ( p =
.559) did not differ significantly from the baseline condition.
For the semantics–oriented task, the semantic incongruent condition showed the poorest performance (9.3% ± 1.3% lower
than the control condition, β^5 = 1.82, SE = 0.38, z = 4.75,
p < .001, d = .54), and the prosodic incongruent condition
also showed a significant effect (8.7% ± 1.3% lower than the
control condition, β^5 = 1.75, SE = .39, z = 4.55, p < .001,
d = .52). But facial incongruency (semantic–prosodic congruent) did not have such a significant influence on emotional identification ( p = .911). The analyses revealed no
main effect of gender, and no significant interaction between gender and task, between gender and congruence,
and among the three fixed factors. The analyses revealed
no main effect of gender, χ2(1) = .50, p = .480, w = .08,
and no significant interaction between gender and task, χ2
(2) = 4.07, p = .131, w = .23, between gender and congruence,
χ2(3) = 2.03, p = .566, w = .16, and among the three fixed
factors, χ2(6) = 1.40, p = .966, w = .13.
(b) Reaction time. When analyzing reaction time data,
we excluded incorrect responses (4.8%) and responses over
2 SDs from the mean (3.8%; Baayen & Milin, 2010; Chien
et al., 2017). Figure 3(b) illustrates the mean reaction time
in the face–prosody–semantics Stroop task by men and
women.
Generalized linear mixed-effects models revealed no
main effect of gender, χ2(1) = 2.66, p = .103, w = .18, but
main effects of task, χ2(2) = 77.78, p < .001, w = 1.00, and
congruence, χ2(3) = 21.72, p < .001, w = .53, and a significant interaction between gender and task, χ2(2) = 41.45,
p < .001, w = .73. No significant interaction between task
and congruence, χ2(6) = 4.49, p = .611, w = .24, between
gender and congruence, χ2(3) = 2.73, p = .435, w = .19, and
among the three fixed factors were found, χ2(6) = 6.22, p =
.398, w = .28. When attending to emotional faces, participants
responded 263.0 ± 26.3 ms faster than prosodic tasks (β^ 2 =
−.26, SE = .03, z = −9.14, p < .001, d = −1.03), and 346.0
± 26.4 ms faster than semantic ones (β^ 2 = −.33, SE = .03,
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Figure 3. Mean (a) accuracy and (b) reaction time in the face–prosody–semantics emotion identification tasks by men and women in Experiment 3.
Mean accuracy and reaction time are displayed in the violin plots with data distribution shape indicated by the density plots, and mean values
represented by the black dots.

z = −11.54, p < .001, d = −1.31). Prosodic tasks also triggered 83.0 ± 26.4 ms faster responses than semantic ones
(β^ 2 = −.06, SE = .03, z = −2.41, p = .042, d = −.27). Pairwise comparison of the incongruent conditions and the baseline level showed that participants responded 155.4 ± 25.0
ms slower in the semantic incongruent condition (β^ 3 = −.13,
SE = .02, z = −4.61, p < .001, d = −.52), and 129.9 ± 25.0
ms slower in the prosodic incongruent condition (β^ 3 = −.11,
SE = .02, z = −3.88, p = .001, d = −.44), but the facial incongruent condition did not have such a significant influence
(p = .261). To parse out the interaction between gender and
task, we compared the response time by men and women
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within each of the three selectively attended channels. Compared with male participants, women responded 143.1 ± 65.9
ms faster in the facial expression–oriented task (β^ 4 = −.15,
SE = .06, z = −2.31, p = .021, d = −.26) and 181.5 ± 66.0
ms faster in the prosodic-oriented task (β^ 4 = −.14, SE = .06,
z = −2.08, p = .037, d = −.24). For women, there were significant interference effects of face on prosody (β^ 4 = −.27,
SE = .03, z = −10.39, p < .001, d = −1.18), of face on semantics (β^ 4 = −.39, SE = .03, z = −15.06, p < .001, d =
−1.71), and of prosody on semantics (β^ 4 = −.12, SE =
.03, z = −4.66, p < .001, d = −.53). For men, there were
significant interference effects of face on prosody (β^4 = −.26,
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SE = .03, z = −9.67, p < .001, d = −1.09) and of face on semantics (β^ 4 = −.27, SE = .03, z = −10.01, p < .001, d =
−1.13), but no significant interference effect was found of
prosody on semantics (β^ 4 = −.01, SE = .03, z = −.37, p =
.926, d = −.04). No significant difference between the two
genders was found in the semantics-oriented task (p = .717).

Within-Participant Analyses
The summary of within-participant analyses for accuracy and reaction time between Experiments 2 and 3 is
presented in Supplemental Table S11.
(a) Accuracy. Mean accuracy in Experiments 2 and 3
was calculated by subject under each congruence condition
in the prosodic and semantic tasks respectively. Pairedsample t tests revealed that when the two auditory channels presented incongruent information, women showed
significantly reduced accuracy in identifying emotional
prosody with the included faces biased toward semantics
(i.e., the prosodic incongruent condition), t(40) = 2.23, p = .027,
d = .36. Male participants, however, showed significantly increased accuracy in prosodic identification when the included
faces were congruent with prosody (i.e., the semantic incongruent condition), t(36) = −3.31, p = .002, d = −.56. No significant
changes in accuracy were founded with the inclusion of faces
in other paired contrasts (all p values > .05).
(b) Reaction time. For reaction time analyses, we excluded the trials with an inaccurate response in either of
Experiments 2 and 3. Mean response time in both experiments
was computed by subject under each congruence condition in
the prosodic and semantic tasks respectively. Paired-sample
t tests indicated that women spent more time in identifying
emotional semantics that was congruent with prosody, when
the included facial expressions were incongruent against the
two auditory channels (i.e., the facial incongruent condition),
t(40) = −2.06, p = .046, d = −.33. No significant changes in
response time were founded with the inclusion of faces in
other paired contrasts (all p values > .05).
This 3D cross-modal emotion Stroop experiment
demonstrated that prosody continued to dominate over semantics when face, a more perceptually salient channel,
was included. While both men and women made better
identification performances in the congruent than incongruent conditions, women tended to be more sensitive to
nonverbal emotional signals and show greater Stroop effects of nonverbal cues on verbal ones compared with men.

General Discussion
The current study investigated the relative perceptual
salience of linguistic and paralinguistic cues in unisensory
and multisensory emotion perception among men and women.
We compared how men and women perceived emotional
face, prosody, and semantics as three isolated channels in
Experiment 1, and further examined gender differences
in multisensory integration of emotion through a crosschannel (prosody–semantics) and a cross-modal (face–

prosody–semantics) Stroop task in Experiments 2 and 3,
respectively. We tested the paralinguistic dominance effect in
unisensory and multisensory emotion perception (Hypothesis 1), and women’s superiority over men in emotion perception with extra nonverbal sensitivity in multisensory
emotion word processing (Hypothesis 2). The integration
of accuracy and reaction time data in the three experiments
has revealed that paralinguistic signals were more perceptually salient than linguistic cues in all emotion identification tasks, which has bolstered our first hypothesis. Our
second hypothesis has also been supported: Though women
demonstrated better performances in identifying both linguistic and paralinguistic cues of emotion in unisensory tasks,
they preserved their advantages in processing paralinguistic
cues with greater Stroop effects in multisensory tasks either
in the accuracy or the reaction time measure. In other words,
the paralinguistic dominance effect was found to be more
pronounced in women than men in both unisensory and multisensory emotion perception.

Perceptual Asymmetries of Verbal and
Nonverbal Cues in Emotion Cognition
We observed that paralinguistic signals of emotion
(i.e., face and prosody) were consistently more salient than
linguistic (i.e., semantic) cues in unisensory and multisensory experiments. Specifically, when processed separately
as a unisensory signal of emotion (Experiment 1), facial expressions elicited the most accurate and fastest emotion
identification performances among the three channels. More
rapid responses were also triggered when participants were
asked to recognize emotional prosody compared to word
meaning. In the cross-channel and cross-modal Stroop tasks
(Experiments 2 and 3), participants made faster responses
when selectively attending to emotional face and prosody
compared with semantics. Additionally, face showed the
least interference in accuracy with the other two channels,
and prosody demonstrated fewer interferences from semantics
than the other way around. As predicted in Hypothesis 1,
these results confirmed the communicative advantages of
nonverbal signals (Beall & Herbert, 2008; Ben-David et al.,
2016; Brazo et al., 2014; Filippi et al., 2017; Kim & Sumner,
2017; Kitayama & Ishii, 2002; Lin et al., 2018; Schirmer &
Kotz, 2003), and replicated the Stroop effects of paralinguistic emotional cues on linguistic ones in our preceding
work on multisensory integration with a larger sample size
(i.e., Lin & Ding, 2019; Lin et al., 2020). While participants
from a western society (e.g., Germany, the Netherlands, and
the United States) tend to demonstrate a linguistic advantage
in emotional speech perception (Ishii et al., 2003; Kitayama
& Ishii, 2002; Kotz & Paulmann, 2007; Paulmann & Kotz,
2008; Pell et al., 2011), our study aligns with previous studies
conducted among Asian participants (e.g., Japanese and
Filipinos) by revealing a reverse paralinguistic advantage
among Mandarin-speaking Chinese (Ishii et al., 2003;
Kitayama & Ishii, 2002). The different profile observed
in western and East Asian countries corroborates the idea
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that the perceptual asymmetries of verbal and nonverbal
cues in emotion perception are shaped by perceivers’ language experience and cultural backgrounds.
The perceptual asymmetries of verbal and nonverbal
channels have often been interpreted by two different types
of mechanisms (Latinus et al., 2016): top-down influences
that involve voluntary, strategic, and supervisory cognitive
processes with intentional control of attention based on task
requirements; and bottom-up influences that refer to automatic and effortless processing driven by stimulus properties
(Bugg & Crump, 2012). Top-down modulation with manipulation of selective attention may take some effects in our
second and third Stroop experiments, in which nonverbal
channels (i.e., prosody and face) are more perceptually
salient when attended. However, if one sensory channel captures attention automatically, especially when stimuli in that
channel are far more salient than those of the other channel,
the processing of that channel would show more perceptual
advantages even without directed attention (Andersen et al.,
2004; Vroomen et al., 2001). In our cross-channel Stroop
task, emotional prosody tended to interfere with semantic
processing to a larger extent (with larger effect sizes) in incongruent conditions than congruent ones. In the crossmodal experiment, an interaction effect of task and congruence was found with greater interferences of prosody in accurate semantic processing. While semantic content alone
was not perceptually salient enough to inhibit the processing of prosodic tasks, incongruent information conveyed
through prosody could bias the responses when it was the
unattended channel. Notably, the paralinguistic dominance
effects not only occur during multisensory integration of
emotion where selective attention is manipulated, but also
hold true in unisensory emotion identification tasks where
task instructions have no effect. Thus, it is likely that the
automatic processing of nonverbal emotional signals would
reduce the processing of verbal content when selective attention was required for emotional semantics in the crosschannel/modal Stroop tasks.
Compared with accounts based on top-down attentional
mechanisms, bottom-up influences appear to better accommodate the findings in our study. Paralinguistic signals hold
more communicative advantages in both unisensory and
multisensory processing possibly due to intrinsic stimulus
properties that provide more reliable information for the
efficient realization of the tasks (Andersen et al., 2004;
Latinus et al., 2016). In this study, the visual modality
tends to be more reliable than the auditory one, since facial
features could be more easily and readily extracted from
standardized static images whereas emotions were communicated through dynamic speech streams in prosody and
semantics. A line of studies also suggests that visual cues are
highly informative and more discriminable than auditory
ones (Biehl et al., 1997; Elfenbein & Ambady, 2002; Hawk
et al., 2009; Scherer et al., 1991; Yuval-Greenberg & Deouell,
2009), and can affect vocal emotion processing at an early
point in time, as revealed by early auditory event-related
potentials (e.g., N100 and P200; Garrido-Vasquez et al.,
2018; Pourtois et al., 2002). With regard to the predominance
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of prosody over semantics, it might be the case that prosodic
judgments could be made based on available acoustic signals from the stimulus onset, while identifying the verbally
expressed emotions would require waiting until the second
syllable is heard in our tasks (Lin et al., 2020; Schirmer &
Kotz, 2003). It is also plausible that listeners might differentiate word meanings by referring to variations in a multitude of prosodic cues (e.g., pitch, stress, duration; Nygaard
et al., 2009; Nygaard & Lunders, 2002). As demonstrated in
electrophysiological literature, emotional prosody contributes to the linguistic interpretation of an utterance similar to semantics, which is reflected by a similar sensitivity of the N400
component to prosodic and semantic contexts (Schirmer et al.,
2002). Furthermore, such prosodic dominance is conceivable
as the semantic processing of a word is more sensitive to and
more easily influenced by task-irrelevant information than
emotional prosody (Schirmer & Kotz, 2003).

Gender Differences in Stroop Effects of Verbal
and Nonverbal Emotional Cues
Another intriguing finding of this study is that the
paralinguistic dominance effects are more pronounced in
women than men. As predicted in Hypothesis 2 and widely
confirmed in the extant literature, women outperformed
men in unisensory and multisensory emotion identification
tasks, especially for paralinguistic signals (Belin et al., 2008;
Collignon et al., 2010; Demenescu et al., 2015; Donges
et al., 2012; Hall, 1978; Kret & de Gelder, 2012; Lambrecht
et al., 2014; Lausen & Schacht, 2018; Menezes et al., 2017;
Scherer et al., 2001; Scherer & Scherer, 2011; Thayer &
Johnsen, 2000; Zupan et al., 2016). One possible account
is that men and women differ in the time course of emotion perception (Canli et al., 2002). For instance, women
tend to make a faster use of facial and prosodic cues during
emotion perception (Donges et al., 2012; Schirmer et al.,
2002, 2004). From a socio-psychological perspective, women
play a primary role as caretakers and are more strongly engaged in interpersonal interactions than men, which enables
them to better detect subtle cues of emotion in regard to childrearing and socialization (Fischer, 2000; Fischer et al., 2018;
Waaramaa, 2017). The beliefs about a gendered division
of social roles build on and drive a biological-essentialist
view of gender differences (Saguy et al., 2021). According to
this view, men and women are biologically different in various domains (e.g., brain structures, sex-related hormones;
Kret & de Gelder, 2012), though the existence of these differences has not been fully established (Joel et al., 2015). Thus,
to what extent these sociological and biological differences
contribute to functional differences in emotion processing
among men and women warrants further examination.
We also observed that women had higher accuracy in
identifying emotional semantics, albeit only in the unisensory
perception task, which is consistent with previous research
showing female advantages in higher order semantic analysis
(Baxter et al., 2003; Wirth et al., 2006). However, such advantages did not prevail in both multisensory tasks, which
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means that gender differences in sensory dominance effects
can be mitigated by task design and attentional focus
(Palmer et al., 2013; Schirmer et al., 2005; Shen & Itti, 2012).
While participants only needed to focus on one sensory
channel in Experiment 1, they were asked to selectively
attend to one of the co-occurring interactive channels in
Experiments 2 and 3, which might be one of the potential
accounts for the gaps between our findings in unichannel
and cross-channel/modal tasks. The inclusion of selective
attention in multisensory Stroop tasks might facilitate
women’s perception of nonverbally expressed emotions
to a greater extent than emotional semantics. Compared
with men, women may implicitly allocate more attention to the
expression of faces, and their semantic processing may be
more susceptible to influences from prosody (Fulton et al.,
2015; Herlitz & Lovén, 2013; Schirmer & Kotz, 2003;
Schirmer et al., 2004). In this case, women might encounter
greater difficulty to prevent influences from face and prosody
when identifying the emotional meaning of a word in the
multisensory Stroop tests. That women did not maintain
their strengths in perceiving emotional semantics as face
and prosody can also be stimulus-driven: The nature of linguistic and paralinguistic processing tends to be different.
Word meaning identification generally relies on objective
and global semantic judgments that happen at a late cognitive processing stage (Hoffmann et al., 2010; Schmid et al.,
2011). By contrast, paralinguistic emotional processing favors women to a greater extent as they are more competent
in perceiving the subtle changes in facial and prosodic
features at an early perceptual stage (Fischer et al., 2018;
Hoffmann et al., 2010).
Interestingly, emotional prosody interfered with the
processing of semantic information, but this effect was only
significant for women and produced a larger effect size in
Experiment 3 than Experiment 2. This does not concord with
the proportion congruent effect, which suggests that experimental paradigms with more congruent trials produce larger
interference effects than paradigms with more incongruent
trials (Bugg & Crump, 2012). One plausible explanation is
that our two Stroop protocols differed not only in the proportion of congruent trials (50% congruent trials in Experiment 2 and 25% congruent trials in Experiment 3), but also
in the number of communication channels, which changed
dimensional uncertainty and imbalance at the same time
(Melara & Algom, 2003). Though there appear to be robust
congruence facilitation effects (i.e., congruent stimuli producing more accurate and rapid performances than incongruent ones) in the two Stroop experiments (Barnhart et al.,
2018; McGurk & MacDonald, 1976; Pell, 2005; Schirmer
et al., 2005; Schwartz & Pell, 2012), no significant interaction was found between gender and congruence. Thus, the
observed gender differences may not depend much on congruence conditions, but instead more on channel dominance.
Our within-participant analyses between Experiments 2 and 3
further showed that women’s sensitivity in face emotion
perception tended to inhibit their identification of prosody
and semantics, while the inclusion of visual facial expressions appeared to be facilitatory in multisensory integration

for male participants. This finding coincides with previous
affective priming studies (Burton et al., 2004; Gohier et al.,
2011), and implies that women are more likely to suffer perceptual loss whereas men tend to achieve multisensory facilitation in cross-channel/modal processing. The fact that women
are more pervious to the interferences from nonverbal affective signals may underlie their susceptibility to emotional
disorders such as depression (Gohier et al., 2011).
In our study, the observed gender differences were
likely to be masked by the perceptual asymmetries among
channels, thus producing smaller effect sizes than sensory
dominance (Thompson & Voyer, 2014). There were also
some discrepancies between the results of accuracy and
reaction time among the three experiments. In Experiments 1
and 2, the gender effects were observed in the accuracy measure, whereas in Experiment 3, gender effects showed up only
in response time. One potential account could be that different panels of participants and different numbers of emotions
were involved in the unisensory and multisensory tasks.
With regard to the two multisensory experiments, though
we tried to mitigate the carryover effects by running Experiment 3 at least 2 weeks after Experiment 2, there remains
the possibility that participants achieved better performances
as they had familiarized themselves with the experimental
stimuli and procedures, which is indicated by a slight increase in overall accuracy (from 93.4% in Experiment 2 to
94.6% in Experiment 3). As the identification performances
were toward the ceiling and possibly influenced by the practice effect, response time might be a more sensitive measurement to indicate the subtle differences between the two
genders in this case (Thompson & Voyer, 2014). It should
be noted that accuracy and reaction time were not conceptually equivalent indices in our study as we excluded the trials with incorrect responses when analyzing reaction time
data, which underlies the necessity to integrate them for a
more comprehensive interpretation of the results. Future
studies can examine the generalizability of the current findings with a more refined experimental design and integration of behavioral and neurological (e.g., event-related
potentials with higher-temporal resolution) indices.

Implications, Limitations, and Future Research
This study investigated how sensory dominance effects are represented among men and women in unisensory
and multisensory emotion processing. Theoretically, our findings suggest that a cohesive framework associating uni- and
multisensory processing can be established to elucidate the
interactions between Stroop effects of verbal and nonverbal
channels and gender differences in emotion perception
(Schreuder et al., 2016). This behavioral exploration lays a
foundation for further unraveling the temporal dynamics
and the corresponding cortical and subcortical substrates
related to different levels of emotion cognition in future electrophysiological and neuroimaging research. As we focused
on participants speaking a lexical tonal language that relies
on a logographic writing system, this study can inspire further efforts to reveal cross-linguistic differences. In addition,
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our basic research investigating mutual influences of language and emotion processing skills could motivate new
studies and intervention approaches for promoting both linguistic and socio-emotional functioning in clinical populations such as individuals with autism, developmental
language disorder and hearing impairments who reportedly
have deficits in emotion perception and multisensory integration (Bahn et al., 2021; Courtright & Courtright, 1983;
Jiam et al., 2017; Most & Michaelis, 2012; St Clair et al.,
2019). Furthermore, albeit gender similarity in selective attention, we found some evidence for small and yet significant
gender differences in emotional processing in the different
channels. Our results demonstrating a persevered advantage
of women in perceiving paralinguistic signals during unisensory and multisensory processing can also have implications
for investigating the psychopathological characteristics and
social functioning abilities of patients with neurological and
psychiatric conditions. Some mental disorders characterized
by severe dysfunctions in emotion processing are found to be
gender-related. For instance, schizophrenia and autism
spectrum disorders affect men more than women, whereas
depression reportedly disrupts women more often than men
(Cahill, 2006; Feldman et al., 2018; Gohier et al., 2011; Lin
et al., 2018). A larger proportion of men with traumatic brain
injury is also reported to be impaired at vocal but not facial
emotion recognition compared to their female counterparts
(Zupan et al., 2016), whereas female advantages are absent
in facial processing but preserved in prosody perception among
schizophrenics (McBain et al., 2010; Scholten et al., 2008). It
deserves to be explored to what extent gender differences in
sensory dominance effects at different stages of emotion
perception relate to the incidences and symptomatology of
these diseases, which contributes to developing more efficient
diagnosis and prevention techniques, and effective intervention and rehabilitation programs in clinical practice.
Some limitations need to be considered during the interpretation of the findings of this study. First, potential
group differences in our study could not be excluded as
two panels of participants were respectively recruited for
unisensory and multisensory emotion tasks. However, given
the sample size in our design, the gender differences in paralinguistic emotion processing are evident and generalizable
across tasks despite potential individual variability in different
measures. Second, we only focused on happy and sad emotions, disyllabic spoken words, static facial expressions, and
native Mandarin Chinese university students as participants
throughout the study. It remains to be tested whether the
findings can be extended to other categories of emotion
(e.g., angry, fearful), types of stimuli (e.g., words in text, spoken
or written sentences, dynamic facial expressions), language and
cultural settings (e.g., a nontonal language in a low-context
culture), and population groups (e.g., young vs. old, healthy
vs. clinical; Ben-David et al., 2019; Deng et al., 2016; Dupuis
& Pichora-Fuller, 2010; Koeda et al., 2013; Thompson &
Voyer, 2014; Vasconcelos et al., 2017). Third, findings might
also be limited as we restricted our purview on the distinctions
resulting from listeners/viewers’ gender. Future researchers
could explore whether speakers/actors’ gender can generate
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different emotional responses (Thompson & Voyer, 2014;
Vasconcelos et al., 2017), which is an interesting test bed to
examine to what extent gender differences occur in the
encoding and decoding processes for emotional speech.

Conclusions
The current research examined the perception of facial,
prosodic, and semantic emotional signals among men and
women with a unisensory emotion identification task, a crosschannel auditory-alone task, and a cross-modal audiovisual
emotion Stroop task. Results indicated that paralinguistic
signals, including face and prosody, consistently gain more
perceptual salience than linguistic messages (i.e., semantic
content) in unisensory and multisensory emotion perception.
Though women are better able to identify signals in all three
channels during unisensory emotion perception, they only
preserve their advantages in paralinguistic emotion processing and are more susceptible to the influences of nonverbal
channels on verbal ones during multisensory integration.
Taken together, emotion cognition is modulated in accuracy
or reaction time measures by the interplay between sensory
dominance and gender differences in different contexts,
which provides the basis for further examining the neural
substrates of emotion perception as a dynamic complex
and the clinical ramifications for individuals with affective
processing deficits.
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Appendix
Summary of Significant Effects in All Three Experiments
Accuracy
Experiment No.

Gender

Experiment 1

W>M

Experiment 2

P: W > M
S: n.s
n.s

Experiment 3

Task

Reaction time
Congruence

F>P
F>S

C>I

F: n.s;
P: Cross > F-S;
S: Cross > F-S; Cross > F-P

Gender

Task

Congruence

n.s.

F>P>S

-

n.s.

P>S

F: W > M
P: W > M

C>I
Cross > F-S
Cross > F-P

Note. (1) “>” indicates better performances (i.e., more accurate or rapid responses). (2) Abbreviations: W = Women; M = Man; F = Face;
P = Prosody; S = Semantics; C = Congruent; I = Incongruent; Cross = Cross-channel congruent; F-S = Face-semantics congruent (prosodic
incongruent); F-P = Face-prosody congruent (semantic incongruent); n.s. = No significant difference. (3) For a significant main effect or an
interaction, pairwise comparisons between conditions are presented. If the main effect and interaction involving a single factor were both
significant, pairwise comparisons under are presented for the interaction effect instead of the main effect.
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