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Gender Differences in Identifying Facial,
Prosodic, and Semantic Emotions Show
Category- and Channel-Specific Effects
Mediated by Encoder’s Gender
Yi Lin,a Hongwei Ding,a and Yang Zhangb

Purpose: The nature of gender differences in emotion
processing has remained unclear due to the discrepancies
in existing literature. This study examined the modulatory
effects of emotion categories and communication channels
on gender differences in verbal and nonverbal emotion
perception.
Method: Eighty-eight participants (43 females and 45 males)
were asked to identify three basic emotions (i.e., happiness,
sadness, and anger) and neutrality encoded by female
or male actors from verbal (i.e., semantic) or nonverbal
(i.e., facial and prosodic) channels.
Results: While women showed an overall advantage in
performance, their superiority was dependent on specific
types of emotion and channel. Specifically, women
outperformed men in regard to two basic emotions

(happiness and sadness) in the nonverbal channels and
only the anger category with verbal content. Conversely,
men did better for the anger category in the nonverbal
channels and for the other two emotions (happiness and
sadness) in verbal content. There was an emotion- and
channel-specific interaction effect between the two types
of gender differences, with male subjects showing higher
sensitivity to sad faces and prosody portrayed by the
female encoders.
Conclusion: These findings reveal explicit emotion
processing as a highly dynamic complex process with
significant gender differences tied to specific emotion
categories and communication channels.
Supplemental Material: https://doi.org/10.23641/asha.
15032583

T

empirical contention centers around gender/sex differences
in emotion cognition, their biological and social origin, and
the implications in child development and clinical practice.
Theoretical explanations of gender development include
evolutionary perspectives grounded in biological differences
between men and women for survival and reproduction, and
socialization theories that characterize gender roles based on
societal division of labor and stereotypical expectations (see
Chaplin, 2015, for a review). These theories often point to
greater physical vulnerability of women and their primary
role in child-rearing, which affords them an advantage in
emotion processing (Babchuk et al., 1985; Brody & Hall,
2010; Eagly, 1987; Hampson et al., 2006; Hofmann et al.,
2006). In line with this notion are a number of studies that
demonstrated overall higher detectability of emotional information expressed by females (Belin et al., 2008; Collignon et al.,
2010; Koeda et al., 2013; Lausen & Schacht, 2018; Pell, 2002;
Scherer et al., 2001; Vasconcelos et al., 2017), and women’s
superiority in decoding emotions (Bonebright et al., 1996;
Collignon et al., 2010; Donges et al., 2012; Forni-Santos
& Osorio, 2015; Fujisawa & Shinohara, 2011; J. A. Hall,

he ability to interpret the emotional states of others
and appropriately express one’s own emotions
forms an essential sociocognitive basis for the effective establishment, maintenance, and regulation of our interpersonal relationships (Fischer & Manstead, 2008; Lausen &
Schacht, 2018). In verbal and nonverbal communication of
emotions, gender has been repeatedly proposed as a key attribute that influences one’s processing ability (J. A. Hall,
1978; Schirmer et al., 2002, 2005; Schmid et al., 2011;
Thompson & Voyer, 2014). One area of theoretical and
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1978; J. A. Hall & Matsumoto, 2004; Hampson et al., 2006;
Hoffmann et al., 2010; Kret & de Gelder, 2012; Lambrecht
et al., 2014; Li et al., 2008; Menezes et al., 2017; Scherer &
Scherer, 2011; Thayer & Johnsen, 2000; Vasconcelos et al., 2017).
However, female superiority in emotion cognition has
not been conclusively established as it may depend on the
emotional content of verbal or nonverbal cues in the context. According to the differential emotion theory (Ackerman
et al., 1998), a set of emotions (e.g., joy, interest, sadness,
anger, disgust, fear, and surprise) are discrete and distinguishable, which can orchestrate various changes in neurochemical processes, expressive behaviors, and subjective
experiences. This has complicated the traditional evolutionary and social accounts for women’s better emotion processing ability by giving rise to two predictions. Specifically, the
attachment promotion hypothesis predicts a female advantage for all emotions, which enables their offspring to become securely attached, while the fitness threat hypothesis
expects female superiority to be selective to negative emotions, which calls for action on women to eliminate the
potential threat to infant survival (Hampson et al., 2006;
Menezes et al., 2017; Thompson & Voyer, 2014). Empirical evidence suggests that the emotion-specific effects not
only modulate the magnitude of women’s superiority but
can also change the direction of gender differences in
emotion processing. Several meta-analyses revealed that
emotional categories contribute to substantial variability
of gender differences in emotion perception (J. A. Hall,
1978; McClure, 2000; Thompson & Voyer, 2014), with the
observed effect sizes of female advantages in overall or
single emotion perception ranging from d = 1.56 to d =
−0.87 in the most recent meta-analytic study conducted
by Thompson and Voyer (2014). Specifically, negative
emotions (e.g., anger, sadness, fear, disgust, contempt)
were demonstrated to produce marginally different effect
sizes from positive emotions (e.g., happiness, interest),
which were nonetheless significantly larger than “other
emotions” (e.g., surprise, neutrality). Similarly, in emotion
expression, happiness, sadness, and love tend to elicit better
identification performances when encoded by women,
whereas anger and pride are easier to identify when
encoded by men (Becker et al., 2007; Bonebright et al.,
1996; Calvo & Lundqvist, 2008; Hofmann et al., 2006;
Johnson et al., 2011; Kelly & Hutson-Comeaux, 1999;
Öhman et al., 2010; Plant et al., 2000).
Aside from the effects of distinct emotional categories, the communication channels through which emotions
are presented have also produced mixed patterns of gender
differences in emotion processing. In real-life interactions,
emotions can be conveyed through various verbal (e.g.,
semantics) and nonverbal (e.g., facial expressions, body
movements, prosody) channels. According to the sensory
dominance theory, one communication channel can hold
more perceptual advantages over others (Filippi et al., 2017;
Kitayama & Ishii, 2002; Lin et al., 2020b; Pell et al., 2011;
Spence et al., 2011), and this channel-specific effect tends to
vary across different emotions (Hawk et al., 2009; Lambrecht
et al., 2014; Williams et al., 2009), which can influence how
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men and women perform in emotion processing tasks. While
relatively few studies reported a significant interaction effect
on the detectability of emotions expressed by encoders of
different genders, gender differences in decoding emotions
are more susceptible to the interplay between emotion categories and communication channels. For example, women
are more likely to display advantages when perceiving sadness, disgust, surprise in facial expressions (Forni-Santos
& Osorio, 2015; Kret & de Gelder, 2012; Menezes et al.,
2017), and understanding happiness, sadness, and fear in
tone of voice (Bonebright et al., 1996; Lambrecht et al.,
2014; Lausen & Schacht, 2018; Thompson & Voyer, 2014;
Vasconcelos et al., 2017). Female superiority in decoding
anger in nonverbal channels does not appear as consistently established as in verbal content (Kret & de Gelder,
2012; Lambrecht et al., 2014; Lausen & Schacht, 2018;
Smith et al., 1989; Thompson & Voyer, 2014; Vasconcelos
et al., 2017; Zupan et al., 2016).
Furthermore, the emotion- and channel-specific effects
can interact to influence how well men and women can recognize emotions expressed by encoders of different genders.
This sexually dimorphic effect has two competing variants.
The own-gender hypothesis posits that it is easier to recognize facial or vocal expressions posed by the encoders of the
same gender, which is more typically associated with aversive events and face recognition than other types of emotions and channels (Doi et al., 2010; Fulton et al., 2015;
Herlitz & Lovén, 2013; Kret & de Gelder, 2012; Lewin &
Herlitz, 2002). By contrast, the opposite-gender hypothesis
advocates that individuals attend more strongly to emotional expressions by the opposite gender for better identification of potential mates, which is in accordance with the
evolutionary argument for gender differences (Hofmann
et al., 2006; Proverbio et al., 2010). This latter interpretation appears to be represented differently across more types
of emotions and channels, such as happy, angry, fearful,
and neutral facial expressions, as compared to alluring,
erotic, and sad prosody (Chun et al., 2012; Cretser et al.,
1982; Erwin et al., 1992; Ethofer et al., 2007; Hofmann
et al., 2006; Lambrecht et al., 2014; Proverbio et al., 2010;
Rahman et al., 2004). Interestingly, there are also some
studies showing no significant interaction effect probably due
to the influence of experimental (e.g., selected emotions
and channels, stimulus presentation duration, measurement indices) and cultural (e.g., Western European vs. American vs.
East Asian) settings, rendering it premature to reach a definitive conclusion without considering more methodological and
sociocontextual factors (Calvo & Lundqvist, 2008; Kret &
de Gelder, 2012; Palermo & Coltheart, 2004; Thayer &
Johnsen, 2000; Thompson & Voyer, 2014).
A preliminary conclusion based on existing work on
gender differences in encoding and decoding emotions is
that the divergent results have left the mechanisms behind
these differences unclear (Gohier et al., 2011; Lausen &
Schacht, 2018). Despite a growing body of literature on
the effects of emotion categories and communication channels on gender differences in emotion processing, the two
domains of research are to some extent dissociated. On one
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hand, there is an unequal amount of attention on and a lack
of comparisons among different communication channels
in past literature on the emotion-specific effect. The effects of different emotion categories are much more often
investigated in a single nonverbal channel (i.e., face or prosody) than the verbal one (Glenberg et al., 2009; Thompson
& Voyer, 2014). Even within the context of nonverbal communication, visual facial displays are more often examined
(Babchuk et al., 1985; Erwin et al., 1992; Forni-Santos &
Osorio, 2015; Hampson et al., 2006; Hofmann et al., 2006;
Menezes et al., 2017; Öhman et al., 2010; Rahman et al.,
2004), while the processing of auditory prosodic signals is
less understood (Chun et al., 2012; Ethofer et al., 2007; J. A.
Hall, 1978; Hawk et al., 2009; Lausen & Schacht, 2018). On
the other hand, there is no standardized method of developing emotional stimuli when the channel-specific effect is
explored. Emotions included in existing studies are sometimes
mixed with both basic (e.g., happy, sad, angry, fearful) and
complex (e.g., alluring, erotic, embarrassed) emotional categories (Lambrecht et al., 2014; Lausen & Schacht, 2018). In
addition, experimental control on the emotional stimuli in
previous research tends to deviate from what we usually
encounter in daily interactions. A common example is that
emotional prosody is represented as nonlinguistic affective
bursts (e.g., laughter, cries, sighs, groans, screams) to eliminate the potential confound of semantic content, which underrepresents the dynamic and complex nature of running
speech (Belin et al., 2008; Collignon et al., 2008; Juslin &
Laukka, 2001; Koeda et al., 2013; Vasconcelos et al., 2017).
Another interesting theoretical question is whether
gender differences in emotion processing became evolutionarily adaptive at some point and thereafter modified
social contexts, or emerged within a specific culture (Kret
& de Gelder, 2012). Since most of the existing studies were
conducted in Western European or American countries with
a low-context culture, in which communication relies heavily
on the literal meaning of words rather than social contexts, it
remains to be tested how the observed effects are represented
in a different contextual setting (E. T. Hall, 1989). To this
end, we based our study in a Mandarin Chinese high-context
culture, where contexts and interpersonal relationships are
more important than actual words during communication,
and investigated how emotion categories and communication
channels shape gender differences in emotion expression and
perception. We focused on three basic emotions
(i.e., happiness, sadness, and anger), since the recognition
of these emotions has remained more stable and accurate
from an early age as compared to other basic emotions
(e.g., fear, disgust, surprise) defined by Ekman (1992) and
played a primary role in interpersonal interactions during developmental stages (Flom et al., 2008; Garcia & Tully, 2020;
Lawrence et al., 2015). Participants were asked to identify
stimuli of the three emotions and neutrality presented from
three communication channels, namely, facial expressions,
speech-embedded prosody, and words spoken with neutral
tone of voice. Their performances were parsed by encoders’
gender, decoders’ gender, and their reciprocal interactions
across different emotion categories and sensory channels.

Specifically, we made the following three hypotheses
based on the evolutionary and social accounts of gender
differences and existing empirical evidence related to the
differential emotion theory and the sensory dominance
effect. First, women would display an overall advantage
in encoding emotions (Belin et al., 2008; Collignon et al.,
2010; Koeda et al., 2013; Lausen & Schacht, 2018; Pell,
2002; Scherer et al., 2001; Vasconcelos et al., 2017), but
this superiority effect would be emotion specific across three
different channels: Happiness and sadness would be easier
to identify when encoded by women, whereas anger would
enjoy a perceptual advantage when encoded by men (Becker
et al., 2007; Bonebright et al., 1996; Calvo & Lundqvist,
2008; Hofmann et al., 2006; Johnson et al., 2011; Kelly &
Hutson-Comeaux, 1999; Öhman et al., 2010; Plant et al.,
2000). Second, women would show an overall advantage
in decoding emotions (Bonebright et al., 1996; Collignon
et al., 2010; Donges et al., 2012; Forni-Santos & Osorio,
2015; Fujisawa & Shinohara, 2011; J. A. Hall, 1978; J. A.
Hall & Matsumoto, 2004; Hampson et al., 2006; Hoffmann
et al., 2010; Kret & de Gelder, 2012; Lambrecht et al.,
2014; Li et al., 2008; Menezes et al., 2017; Scherer &
Scherer, 2011; Thayer & Johnsen, 2000; Vasconcelos et al.,
2017), especially for happiness and sadness in the nonverbal
channels (Bonebright et al., 1996; Forni-Santos & Osorio,
2015; Kret & de Gelder, 2012; Lambrecht et al., 2014;
Lausen & Schacht, 2018; Thompson & Voyer, 2014;
Vasconcelos et al., 2017), and anger in verbal content (Smith
et al., 1989). Finally, encoders and decoders’ gender would
interact with each other, showing an opposite gender bias
that would be susceptible to influences from both emotions
and channels (Chun et al., 2012; Cretser et al., 1982; Erwin
et al., 1992; Ethofer et al., 2007; Hofmann et al., 2006;
Lambrecht et al., 2014; Proverbio et al., 2010; Rahman
et al., 2004). The findings from this hypothesis-driven study
will contribute new data to our understanding of theoretical
explanations on how the emotion- and channel-specific effects
coincide with traditional evolutionary and social perspectives
in shaping gender differences in emotion expression and perception. The behavioral results from normal adult participants
will also have implications for further studies on the underlying mechanisms of emotion cognition as well as the pathogenesis, symptomatology, and intervention for a wide range
of gender-related psychiatric affective disorders.

Method
Participants
The study was approved by the institutional review
board at Shanghai Jiao Tong University in accordance
with the Declaration of Helsinki for research involving
human subjects. Written informed consent was obtained
from all participants, who were paid for their time and involvement. Eighty-eight volunteers (43 females and 45 males)
were recruited to take part in the study through an online
advertisement. Female participants had a mean age of
23.8 years (SD = 2.4), and male participants were, on average,
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23.7 years old (SD = 3.0). All participants were native speakers
of Mandarin Chinese, who were undergraduate or graduate
students. All had normal or corrected-to-normal vision,
and they also had normal hearing as verified by standard
audiological assessment for pure tones from 0.25 to 8 kHz
(Koerner & Zhang, 2018). None had any history of speech,
language, and hearing disorders or psychiatric illnesses.
To estimate the appropriate sample size, we conducted an a priori power analysis based on an earlier study
examining the impact of sensory modality and emotional
category on gender differences in emotion recognition
(Lambrecht et al., 2014). We expected to see a medium
effect size (R2 = .25, Cohen’s f2 = .33), with α = .05 and
power (1 − β) = .90 (Ferguson, 2009). Power analysis in
R (R Core Team, 2018) using the pwr package (Champely,
2020) indicated a total sample size of 67 for a significant
four-way interaction among channels, emotions, and decoders
and encoders’ genders according to the third hypothesis,
which suggested that the sample size in the current research
had sufficient statistical power.

Stimuli
Each experimental stimulus conveyed one of the three
basic emotions (i.e., happiness, sadness, and anger; Ekman,
1992) or neutrality. These emotions were expressed in three
different communication channels, namely, facial expressions, tone of voice (prosody), and semantic content.
The face stimuli were taken from the Chinese Affective
Picture System (Bai et al., 2005), a well-validated database
with a standardized set of black-and-white photographs of
Chinese actors portraying emotional or neutral facial expressions. The included photos were generated by 16 actors (eight
women and eight men), who had received professional training in acting or directing. Their expressions were chosen
based on the identification accuracy of emotional category
and ratings of emotional intensity in an earlier norming
study. A brief description of the norming study is presented
at the end of this section. For more detailed explanations of
the stimulus validation procedures and selection criteria,
please refer to our recent study (Lin et al., 2020b).
The prosodic and semantic stimuli consisted of a series of disyllabic words, which were produced by four professionally trained speakers (two females and two males) in
a quiet laboratory setting, and digitized at a sampling rate
of 44.100 kHz with a 16-bit resolution. These words were
common to native speakers of Mandarin Chinese, as verified
by a word familiarity test in the norming procedure (see
Supplemental Material S1 for the selected words for the
prosodic and semantic stimuli and the word familiarity level).
No significant difference was found in the familiarity rating
of words in different emotional categories (all p > .05). Each
word was pronounced 3 times by the four speakers, and
the best ones were chosen for presentation based on the
results of the norming study. For the prosodic stimuli, the
speakers uttered semantically neutral disyllabic concrete
Chinese words, the English translation of which are specified
in the square brackets in the following examples (e.g., 肥皂

2944

[soap]), 报纸 [newspaper]) in happy, sad, angry, and neutral
prosody. For the semantic stimuli, the speakers enunciated
the disyllabic words denoting happy (e.g., 欢乐 [cheerful]),
sad (e.g., 抑郁 [depressed]), angry (e.g., 恼火 [annoyed])
emotions, and neutrality (e.g., 适中 [moderate]) in neutral
tone of voice. The duration measures of the prosodic and
semantic stimuli produced by female and male encoders
are summarized in Tables 1 and 2, respectively. The mean
f0 measures of the prosodic and semantic stimuli produced
by female and male encoders are summarized in Tables 3
and 4, respectively.
There were 64 stimuli for each of the facial, prosodic,
and semantic channels. The number of stimuli in each of
the three channels was balanced between four emotion categories and between actors and actresses, yielding eight emotional stimuli per category for each encoder’s gender in each
channel (i.e., 64 stimuli = 8 faces/words × 4 emotions × 2
encoders). These stimuli went through a perceptual validation procedure in a norming study by 23 native speakers
of Mandarin Chinese (11 women and 12 men, mean age ±
SD = 23.7 ± 2.6), who did not participate in this study. All
included stimuli received over 90% accuracy for emotion
category recognition. All emotional (i.e., happy, sad, and
angry) stimuli received an average rating above 3 for emotion intensity on a 7-point Likert scale (0 = not intense, 6 =
very intense), and neutral stimuli had an intensity score
around the midpoint on the scale. Only words with an average
rating above 3 for familiarity on a 7-point Likert scale (0 = not
familiar, 6 = very familiar) could be employed as the prosodic
and semantic stimuli in the auditory modality. Table 5 shows
the identification accuracy of emotional category and rating
of emotional intensity for all included stimuli by female and
male raters in the validation study. No significant difference
was found in identification accuracy or emotional intensity
for stimuli produced by female and male encoders in the
same emotional category in each channel (all p > .05).

Procedure
The experiment was administered 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 for stimulus
presentation. Emotional facial expressions were displayed
in the center of an LCD screen over a constant white background, and the auditory stimuli of emotional prosody and
Table 1. Duration (milliseconds) of the prosodic stimuli.
Encoders’
gender
Emotion
Angry
Happy
Neutral
Sad
M/SD

Female

Male

M

SD

M

SD

1361.34
1066.14
952.00
1912.63
1323.02

167.68
93.88
103.00
164.70
396.05

1233.78
1148.88
1066.67
1769.63
1304.74

226.59
131.96
142.72
211.46
330.14

M/SD
1297.56
1107.51
1009.33
1841.13
1313.88

209.28
121.76
137.03
202.56
364.70
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Table 2. Duration (milliseconds) of the semantic stimuli.

Table 3. Mean f0 (Hz) of the prosodic stimuli.

Encoders’
gender

Encoders’
gender

Emotion
Angry
Happy
Neutral
Sad
M/SD

Female
M

SD

Male
M

SD

M/SD

941.00 116.65 1063.38 173.31 1002.19 159.90
1007.00 77.67 1075.99 94.57 1041.50 93.16
987.00 98.43 1142.00 193.49 1064.50 171.96
1001.00 87.64 1091.08 107.36 1046.04 107.85
984.00 99.61 1093.12 151.26 1038.56 139.20

semantics were presented binaurally over Sennheiser HD280
PRO headphones at 70 dB SPL.
The experiment consisted of three subtasks, namely,
an emotional face identification task, an emotional prosody
identification task, and an emotional semantics identification
task. There were a total of 192 trials separated into three
blocks, each of which contained 64 trials of emotional stimuli presented in one of the facial, prosodic, or semantic channels. Each trial began with a fixation cross in the center of the
screen for 1,100 ms, followed by a target expression of emotion. Participants were asked to identify the emotion portrayed
by the actor or actress by pressing one of the four emotioncoded keys on a keyboard (“v” for happy, “b” for sad, “n” for
angry, and “m” for neutral) as quickly as possible. Both accuracy and response time were collected. Reaction time was
measured from the onset of stimulus presentation until the
key press. After the response was made, the 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 to ensure that none of the two subsequent trials
presented emotion of the same category. Participants started
the experiment after familiarizing themselves with the experimental procedure by completing eight practice trials in each
block with 100% accuracy. They were allowed to have a
short rest for up to 30 s after running every 32 trials.

Emotion
Angry
Happy
Neutral
Sad
M/SD

1

No speed accuracy trade-off was found when examining the relationship
between accuracy and reaction time by a Pearson correlational analysis
(r = −.053, p = .312). Thus, we separately analyzed accuracy and RT
data using linear mixed-effects models.

Male

M

SD

M

SD

198.10
272.92
196.58
178.99
211.65

37.11
30.42
21.03
21.27
45.90

139.45
219.44
119.61
124.48
150.75

22.69
59.09
9.51
7.17
51.61

M/SD
168.78
246.18
158.09
151.74
181.20

42.49
54.07
41.81
31.54
57.56

female and male). The facial channel, angry stimuli, and
female encoders/decoders were set as the baseline level for
communication channel, emotion category, and encoders’
and decoders’ gender, respectively. Where necessary, pairwise planned comparisons were conducted to verify differences between genders in encoding as well as in decoding,
between the prosodic and semantic channels, and between
emotional categories. Specifically, we applied Tukey’s post
hoc tests with α = .05 in the emmeans package (Lenth,
2020) for all pairwise contrasts in case of a significant main
effect or interaction, and selectively reported the contrasts
of significant main effects and highest level interactions involving differences of encoders’ or decoders’ gender in text.
Individual decoders and test items were entered as random
factors for intercepts. The models with intercepts, coefficients, and error terms for accuracy and reaction time analyses are specified as follows2:
AccuracyðrauÞij = logðReaction timeÞij ¼ β0 þ
ðβ1  channelÞ þ ðβ2  emotionÞ þ ðβ3  encoderÞ þ
ðβ4  decoderÞ þ ðβ5  channel  emotionÞ þ
ðβ6  channel  encoderÞ þ ðβ7  emotion  encoderÞ þ
ðβ8  channel  decoderÞ þ ðβ9  emotion  decoderÞ þ
ðβ10  encoder  decoderÞ þ β11  channel  decoder 
encoderÞþðβ12  emotion  decoder  encoderÞ þ
ðβ13  channel  emotion  decoderÞ þ ðβ14  channel 
emotion  encoderÞ þ ðβ15  channel  emotion 
encoder  decoderÞ þ b0i þ b1j þ εij
ð1Þ

Statistical Analyses1
A series of linear mixed-effects models in R (Version
3.6.1) with the lme4 package were employed for data analysis (Bates, Mächler, et al., 2015). Accuracy data were transformed into rationalized arcsine unit (rau) to mitigate the
ceiling effects (Studebaker, 1985), and reaction time data
were log-transformed to undermine the effect of positive
skewness (Baayen & Milin, 2010). The transformed accuracy and reaction time data were respectively entered as
dependent variables in the mixed-effects models. The fixed
categorical factors consisted of communication channel (three
levels: facial, prosodic, and semantic), emotion category (four
levels: angry, happy, neutral, and sad), encoders’ gender (two
levels: female and male), and decoders’ gender (two levels:

Female

In these models, β0 represented the intercept, which was the
predicted outcome when all other predictors were equal to 0.
2

Given that our research hypotheses anticipated differences in the
decoding/encoding of emotions in different communication channels as a
function of the encoders’/decoders’ gender, we started with the maximal
model with the most random-effects components in the linear mixedeffects analyses, including emotion by encoders’ gender (Hypothesis 1),
emotion and channel interaction by decoders’ gender (Hypothesis 2),
and Emotion × Channel interaction by decoders and encoders’ gender
(Hypothesis 3). These random-effects structures did not improve
the model fit but produced singular fits and nonconverging models,
suggesting that the models were over parameterized (Bates, Kliegl
et al., 2015). Thus, we reduced the random-effects structures to eliminate
the problem of singularity and nonconvergence (Barr et al., 2013). We
selected the highest nonsingular converging models as the final models
for data analyses.
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Table 4. Mean f0 (Hz) of the semantic stimuli.
Encoders’
gender
Emotion
Angry
Happy
Neutral
Sad
M/SD

Female

Male

M

SD

M

SD

185.25
229.04
192.72
225.21
208.05

19.17
26.81
20.40
30.34
31.28

124.68
121.15
122.35
121.16
122.34

12.71
4.39
9.54
5.20
8.76

M/SD
154.96
175.10
157.53
173.18
167.75

34.37
57.26
38.62
56.40
51.28

β1, β2… β15 represented the coefficients for the four fixed factors and their interactions, respectively. These coefficients
reflected how much the outcome variable changed relative to a
unit of change in the corresponding predictors. The random intercepts were represented as b0i and b1j, where i varied according
to decoder participants and j varied according to test items. An
error term (ε) was also included to account for the distance between the predicted value and the actual data point (i.e., residual).

Results
Accuracy
Overall, participants completed the experiment with
considerably high accuracy (M = 95.7%, SD = 9.0%). Table 6
summarizes the mixed-effects models for accuracy data.

Linear mixed-effects analyses on accuracy in raus
showed no main effect of encoders’ gender ( p > .05), but
significant main effects of sensory channel, χ2(2) = 20.83,
p < .001; emotion category, χ2(3) = 102.70, p < .001; and
decoders’ gender, χ2(1) = 6.45, p = .01. Notably, female
decoders were slightly more accurate in emotion recognition
than their male counterparts (^
β4 = 2.75, standard error
[SE] = 1.08, t = 2.56, p = .01, Cohen’s d = 0.16). There
were also significant interactions between channel and
emotion, χ2(6) = 96.82, p < .001; between channel and encoders’ gender, χ2(2) = 44.77, p < .001; and emotion and
encoders’ gender, χ2(2) = 10.70, p = .01. More importantly,
we found significant three-way interactions among channel, emotion, and decoders’ gender, χ2(6) = 14.25, p = .03,
Cohen’s f 2 = .21, and among channel, emotion, and encoders’ gender, χ2(6) = 100.25, p < .001, f 2 = .27, which
are illustrated in Figures 1 and 2, respectively.
The pairwise comparison of female and male decoders’ performances under each emotion category in the three
tasks (see Supplemental Material S2) revealed that female decoders achieved significantly higher accuracy than their male
counterparts only when identifying words with angry semantics
(^
β 13 = 6.65, SE = 2.58, t = 2.58, p = .01, d = 0.41), happy
(^
β13 = 8.03, SE = 2.58, t = 3.11, p = .002, d = 0.49) and
sad ( ^
β13 = 6.01, SE = 2.58, t = 2.33, p = .02, d = 0.37) tone
^
of voice, and sad (β13 = 6.13, SE = 2.58, t = 2.38, p = .02,
d = 0.38) faces.

Table 5. Identification accuracy of emotional category and rating of emotional intensity for the stimuli adopted in the experiment by female
and male raters in the norming study.

Stimulus
type

Emotion
category

Rater’s
gender

Face

Angry

Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male

Happy
Sad
Neutral
Prosody

Angry
Happy
Sad
Neutral

Semantics

Angry
Happy
Sad
Neutral

Identification accuracy of
emotional category

Rating of
emotional intensity

M

SD

M

SD

92.59%
93.98%
93.98%
92.59%
92.13%
93.06%
92.59%
91.78%
95.65%
96.14%
92.27%
92.75%
93.24%
94.20%
93.24%
92.27%
96.74%
96.74%
97.83%
96.86%
96.74%
97.28%
95.65%
96.20%

1.73%
2.07%
2.07%
1.73%
1.31%
1.96%
1.73%
0.31%
3.55%
3.80%
3.42%
3.55%
4.63%
2.90%
2.98%
1.81%
2.88%
3.61%
3.07%
2.85%
4.21%
3.03%
3.77%
2.61%

4.41
4.59
4.64
4.40
4.14
3.93
3.48
3.34
4.65
4.89
4.44
4.02
4.23
4.57
3.27
3.28
5.05
5.04
4.77
4.68
4.34
4.51
3.08
3.02

0.41
0.72
0.47
0.72
0.60
0.33
0.23
0.30
0.29
0.31
0.33
0.29
0.18
0.14
0.22
0.22
0.28
0.24
0.35
0.34
0.51
0.42
0.17
0.17

Note. Participants identified the emotional category of the stimuli and rated the intensity on a 7-point scale (0 = not intense, 6 = very intense).
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Table 6. Summary of mixed-effects models for accuracy data.
Model
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Target effect

χ2

df

R2acc

Cohen’s f 2acc

Chan
Emo
Gen (En)
Gen (De)
Chan × Emo
Chan × Gen (En)
Emo × Gen (En)
Chan× Gen (De)
Emo × Gen (De)
Gen (En) × Gen (De)
Chan × Gen (En) × Gen (De)
Emo × Gen (En) × Gen (De)
Chan × Emo × Gen (De)
Chan × Emo × Gen (En)
Chan × Emo × Gen (De) × Gen (En)

20.83***
102.70***
2.20
6.45*
96.82***
44.77***
10.70*
.70
6.99
.00
1.21
.95
14.25*
100.25***
2.80

2
3
1
1
6
2
3
2
3
1
2
3
6
6
6

.06
.10
.10
.10
.15
.16
.17
.17
.17
.17
.17
.17
.18
.21
.22

.06
.11
.12
.12
.17
.20
.20
.20
.21
.21
.21
.21
.21
.27
.27

Note. df = degree of freedom; acc = accuracy; Chan = Channel; Emo = Emotion; Gen (En) = Encoders’ gender; Gen (De) =
Decoders’ gender.
*p < .05. ***p < .001.

^

We also compared emotions encoded by male and
female actors in the three channels (see Supplemental Material S2). For the angry emotion, no significant difference was
found between female and male actors in all three channels
(p > .05). For the happy emotion, stimuli portrayed by female
actors were more accurately identified than those produced
^
by males in the facial ( β14 = 6.67, SE = 2.39, t = 2.79, p =

.005, d = 0.42) and prosodic ( β14 = 12.66, SE = 2.39, t =
5.29, p < .001, d = 0.80) channels, whereas men-produced
stimuli yielded higher accuracy in the semantic channel
^
( β14 = −22.19, SE = 2.39, t = −9.28, p < .001, d = −1.40).
Similarly, women-encoded sad stimuli elicited better per^
formances in the facial ( β14 = 6.70, SE = 2.39, t = 2.80,
^
p = .005, d = 0.42) and prosodic ( β14 = 9.92, SE = 2.39,

Figure 1. Identification accuracy of four types of emotional stimuli
presented in three different communication channels by female and
male decoders. Mean accuracy is displayed in the bar charts, with
error bars showing 95% confidence intervals. Asterisks mark the
significance level: *p < .05; **p < .01.

Figure 2. Identification accuracy for stimuli produced by female and
male encoders in three different communication channels. Mean
accuracy is displayed in the bar charts, with error bars showing
95% confidence intervals. Asterisks mark the significance level:
**p < .01; ***p < .001.
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t = 4.15, p < .001, d = 0.62) channels irrespective of decoders’ gender, and no significant difference was found
between encoders of the two genders in the semantic channel
(p > .05). For neutrality, stimuli produced by females triggered significantly more accurate responses only in the pro^
sodic channel (β14 = 6.23, SE = 2.39, t = 2.60, p = .009,
d = 0.39), and no significant difference was found in facial
and semantic channels.

Reaction Time
When analyzing reaction time data, we excluded responses over 2 SDs from the mean time (3.9%) and incorrect responses (3.6%; Baayen & Milin, 2010; Chien et al.,
2017). Table 7 summarizes the mixed-effects models for reaction time data.
Linear mixed-effects analyses on log-transformed reaction time showed no main effect of decoders’ gender (p >
.05), but main effects of channel, χ2(2) = 2126.28, p < .001;
emotion, χ2(3) = 806.82, p < .001; and encoders’ gender,
χ2(3) = 6.24, p = .01. Notably, emotions encoded by females
triggered slightly more rapid responses in emotion recognition
^
than those by males (β 3 = −.01, SE = .01, t = −2.59, p =
.01, d = −0.04). There were also significant interactions between channel and emotion, χ2(6) = 239.73, p < .001; channel
and encoders’ gender, χ2(2) = 39.22, p < .001; emotion and
encoders’ gender, χ2(3) = 44.32, p < .001; encoders’ gender
and decoders’ gender, χ2(1) = 5.30, p = .02; and among
channel, emotion, and encoders’ gender, χ2(6) = 218.99,
p < .001. More importantly, we found a significant interaction among channel, emotion, and encoders and decoders’
gender, χ2(6) = 14.52, p = .02, f2 = .42, which is illustrated
in Figure 3.
A pairwise comparison was conducted to parse out
the four-way interaction effect (see Supplemental Material S3).
Anger elicited significantly faster responses when encoded by
the actors than actresses in the facial channel for both female

(^
β15 = .09, SE = .03, t = 3.29, p = .001, d = 0.25) and male
^
(β15 = .18, SE = .03, t = 6.72, p < .001, d = 0.52) observers.
Actor-encoded angry stimuli also exhibited a processing
advantage in the prosodic channel regardless of decoders’
^
gender (female decoders: β15 = .06, SE = .03, t = 2.42, p =
^
.02, d = 0.19; male decoders: β15 = .08, SE = .03, t = 3.28,
p = .001, d = 0.25). However, words with angry semantics
were more rapidly identified when spoken by the actresses
^
for both female (β15 = −.11, SE = .03, t = −4.16, p < .001,
^
d = −0.33) and male (β15 = −.11, SE = .03, t = −4.27, p <
.001, d = −0.34) decoders. In terms of happiness, actressencoded stimuli triggered faster responses compared with
those portrayed by the actors in the facial (female decoders:
^
β15 = −.15, SE = .03, t = −5.86, p < .001, d = −0.46; male
^
decoders: β15 = −.09, SE = .03, t = −3.43, p < .001, d =
^
−0.26) and prosodic channels (female decoders: β15 = −.19,
SE = .03, t = −6.92, p < .001, d = −0.56; male decoders:
^
β15 = −.11, SE = .03, t = −4.05, p < .001, d = −0.33). By
contrast, words with happy semantics were recognized fas^
ter when spoken by the actors for both female (β15 = .10,
^
SE = .03, t = 3.49, p < .001, d = 0.28) and male (β 15 = −.09,
SE = .03, t = 3.36, p < .001, d = 0.27) decoders. For the
^
sad emotion, both female (β
15 = .07, SE = .03, t = 2.74,
^
p = .006, d = 0.22) and male (β
15 = .14, SE = .03, t = 5.22,
p < .001 d = 0.41) decoders made faster responses when encountering emotional semantics expressed by the actors
than actresses. There was also an interaction between encoders’ and decoders’ gender for the perception of sadness
in the facial and prosodic channels: While male decoders
^
made faster responses when identifying sad faces (β15 =
−.06, SE = .03, t = −2.35, p = .02, d = −0.19) and prosody
^
(β
15 = −.09, SE = .03, t = −1.97, p < .05, d = −0.15) portrayed by the actresses than those by the actors, there was
no such significant difference in reaction time among female decoders ( p > .05). Neutral stimuli were identified

Table 7. Summary of mixed-effects models for reaction time data.
Model
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Target effect

χ2

df

R2rt

Cohen’s f 2rt

Chan
Emo
Gen (En)
Gen (De)
Chan × Emo
Chan × Gen (En)
Emo × Gen (En)
Chan× Gen (De)
Emo × Gen (De)
Gen (En) × Gen (De)
Chan × Gen (En) × Gen (De)
Emo × Gen (En) × Gen (De)
Chan × Emo × Gen (De)
Chan × Emo × Gen (En)
Chan × Emo × Gen (De) × Gen (En)

2126.28***
806.82***
6.24*
.18
239.73***
39.22***
44.32***
.91
.80
5.30*
.86
2.30
5.32
218.99***
14.52*

2
3
1
1
6
2
3
2
3
1
2
3
6
6
6

.23
.27
.27
.27
.28
.29
.29
.29
.29
.29
.29
.29
.29
.30
.30

.13
.30
.37
.37
.37
.40
.40
.40
.40
.40
.40
.40
.40
.40
.42

Note. df = degree of freedom; rt = reaction time; Chan = Channel; Emo = Emotion; Gen (En) = Encoders’ gender; Gen
(De) = Decoders’ gender.
*p < .05. ***p < .001.
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Figure 3. Reaction time for stimuli produced by female and male
encoders in three different communication channels by (a) female
and (b) male decoders. Mean reaction time is displayed in the bar
charts, with error bars showing 95% confidence intervals. Asterisks
mark the significance level: *p < .05; **p < .01; ***p < .001.

between male and female decoders in the facial and semantic
channels (p > .05).

Discussion
This study investigated how emotion categories and
communication channels influenced gender differences in
emotion expression and perception. Specifically, we compared how emotional (i.e., angry, happy, sad) signals that
were encoded by female and male actors/speakers in three
sensory channels (i.e., face, prosody, and semantics) were
decoded by the observers/listeners of the two genders in a
high-context Chinese culture. Overall, our results revealed
that emotion identification performances are modulated
by encoders’ gender, decoders’ gender, and their reciprocal interactions. In addition, these striking differences in
men and women’s abilities to express and identify emotions significantly vary across emotion categories and communication channels, suggesting that both variables are
essential when understanding the nature of gender differences in emotion expression and perception. These major
findings will be discussed in detail in the following three
subsections.

Identification Performance by Encoders’ Gender

faster when produced by female than male actors in the
prosodic channel irrespective of decoders’ gender (fe^
male decoders: β15 = −.14, SE = .03, t = −5.37, p < .001,
d = −0.42; male decoders: ^
β 15 = −.09, SE = .03, t = −3.49,
p < .001, d = −0.27). No significant difference was found

As predicted in the first hypothesis, there was a main
effect of encoders’ gender in reaction time, showing an
overall female advantage in emotion expression. However,
beyond our expectation, such a gender difference in encoding emotions varies across not only emotion categories but
also sensory channels. The results showed that nonverbal
expressions (i.e., face and prosody) of both happiness and
sadness were more accurately and rapidly identified when
encoded by females, but verbal content (i.e., semantics) of
the corresponding emotion category was more perceptually
salient when encoded by males. Conversely, angry faces
and prosody triggered faster responses when encoded by
males, but angry semantics yielded more rapid identification when encoded by females. These results indicate that
identifications of different categories of emotions encoded
by female and male actors vary depending on verbal and
nonverbal communication channels.
Our findings provide robust evidence for the emotionspecific effects on gender differences in emotional expressiveness, which is consistent with traditional gender-stereotypical
norms of emotional expression and recent empirical investigations on facial affect and emotional prosody. According
to the literature, women express prosocial emotions (e.g.,
happiness) and internalizing negative emotions (e.g., sadness) more frequently and intensely than men, whereas men
are typically more associated with emotions that imply
power and dominance (e.g., anger; Becker et al., 2007;
Bonebright et al., 1996; Calvo & Lundqvist, 2008; Chaplin,
2015; Collignon et al., 2010; Fischer, 2000; Fischer &
LaFrance, 2014; Glenberg et al., 2009; Hess et al., 2007;
Hofmann et al., 2006; Johnson et al., 2011; Kelly & HutsonComeaux, 1999; Öhman et al., 2010; Plant et al., 2000). One
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relevant account for why men and women differ in how
well they can express particular types of emotion is the distinctive social roles and accompanying positions of the two
genders (see Chaplin [2015] and Fischer & LaFrance [2014]
for reviews).
Interestingly, such emotion-specific abilities of expressing emotions among men and women are represented
differently between verbal and nonverbal channels in our
study. This novel finding suggests that gender differences
in encoding emotions are also channel specific. It is possible
that female and male expressivity in verbal and nonverbal
channels could be mediated by the emotional arousal/intensity of the stimuli. The facial expressions and prosody of
happiness and sadness could be more easily identified when
portrayed by women despite lower emotional arousal/intensity (compared with those expressions of anger), since female
advantages in emotional expression have been widely acknowledged across studies on nonverbal interactions (Belin
et al., 2008; Chaplin, 2015; Collignon et al., 2010; Cortes et al.,
2017; Fischer et al., 2018; Fischer & LaFrance, 2014; J. A.
Hall, 1984; Hoffmann et al., 2010; Koeda et al., 2013; Lausen
& Schacht, 2018; Thompson & Voyer, 2014; Vasconcelos
et al., 2017). For angry faces and prosody, however, female
superiority in emotional expression could be overpowered
by highly arousing negative stimuli, which are more likely
to be associated with men when presented in nonverbal
channels (Vasconcelos et al., 2017). For the encoding of
nonverbal emotional information, men displayed greater
advantages in the expression of word meaning, especially
words denoting happiness and sadness. It is likely that, unlike nonverbal communication that favors women as they
are more competent in demonstrating subtle changes in
stimulus properties (e.g., facial features and acoustic variations), verbal communication relies on objective and global
semantic processing (Fischer et al., 2018; Hoffmann et al.,
2010; Schmid et al., 2011). In this case, happy and sad words
that are less emotionally arousing could enjoy greater perceptual advantages even when uttered by men, whereas
women could manifest their expressivity only when conveying emotional semantics with higher arousal/intensity
(i.e., anger).

Identification Performance by Decoders’ Gender
By examining the effect of decoders’ gender on emotion identification, we confirmed our second hypothesis
that women were generally more accurate in recognizing
emotional signals than men. This female superiority effect was especially prominent for the processing of sad faces,
happy and sad prosody, and angry semantics, though each
experimental condition displayed a trend for women to outperform men in identifying emotional (i.e., happy, sad and
angry) signals. These results are in agreement with several
reviews and meta-analyses on gender differences, in which
most of the included studies have shown an overall female
advantage in decoding emotions albeit small to moderate
differences (J. A. Hall, 1978, 1984; Kret & de Gelder, 2012;
Thompson & Voyer, 2014). From an evolutionary perspective,
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the fact that women are superior in recognizing a wide
range of emotions displayed in different channels could
be explained by different biological competence and social
roles of the two genders: Women are “wired” from birth to
be more perceptually sensitive than men to emotional signals,
which enables them to better detect emotions in regard to
caretaking, romantic relations, and socialization (Brody &
Hall, 2010; Collignon et al., 2010; Fischer et al., 2018; J. A.
Hall, 1978).
In terms of the emotion-specific effects, we replicated
previous observations of women’s merits in identifying
happiness in the auditory prosodic channel (Bonebright
et al., 1996; Diaconescu et al., 2013; Fujisawa & Shinohara,
2011; Lambrecht et al., 2014). We also revealed female
advantages in the recognition of negative emotions (i.e.,
sadness and anger), which is consistent with existing research using various types of facial, prosodic, and semantic
stimuli (Deng et al., 2016; Forni-Santos & Osorio, 2015;
Gohier et al., 2011; Li et al., 2014; Menezes et al., 2017;
Smith et al., 1989; Vasconcelos et al., 2017; Zupan et al.,
2016). Since the fitness threat hypothesis advocates an
exclusive negative bias of women in emotion processing,
the attachment promotion hypothesis appears to better
accommodate our data (Hampson et al., 2006; Menezes
et al., 2017; Thompson & Voyer, 2014). Interestingly,
though women demonstrated a more generalized advantage in emotion perception across both positive and negative
emotion categories, this female superiority effect was only observed in particular combinations of emotion and channel in
the accuracy measure. Thus, it warrants further investigation under what circumstances, in what measures, and to
what extent these two predictions of the differential emotion
theory are established (Ackerman et al., 1998).
Another intriguing finding in line with our prediction is that the emotion-specific effects on female advantages in emotion perception are represented in verbal
and nonverbal channels in a differentiated manner. Happiness and sadness bear greater processing advantages for
women when presented in nonverbal channels, whereas
anger is more perceptually salient only when denoted in
verbal content. One conceivable explanation for the absence of gender-specific advantages in decoding anger
in nonverbal channels is that humans are innately sensitive to socially salient and attention-catching stimuli
(e.g., screams, alarm calls) in the environment irrespective of gender (Fox et al., 2000; Lausen & Schacht, 2018).
It is also plausible that interlocutors tend to show their
dissatisfaction implicitly and avoid direct confrontations
as suggested by anger during nonverbal communication
in a high-context Chinese culture (E. T. Hall, 1989). Of
particular note is that this channel-specific variation in
female decoders’ perception of different emotion categories coincides with our observations of encoders’ gender,
suggesting a correspondence between these two types of
gender differences. Up till now, less clear has been the extent to which and the reason why emotion expression and
perception associate with each other, which warrants examination in future studies.
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Interplay Between Encoders’ and Decoders’ Gender
Our final hypothesis on the interaction between encoders’ and decoders’ gender was partially supported by
evidence of sadness processing in the two nonverbal channels. While male decoders made significantly faster responses
when identifying sad faces and prosody portrayed by the
actresses than the actors, female decoders showed a similar
perceptual pattern but their performance did not reach statistical significance and demonstrated smaller effect sizes.
Our results provided limited support to the opposite-gender
hypothesis in facial (Erwin et al., 1992; Hofmann et al.,
2006; Kim et al., 2019; Rahman et al., 2004) and vocal
(Cretser et al., 1982; Erwin et al., 1992; Ethofer et al.,
2007; Lambrecht et al., 2014) emotion processing among
male decoders. Such an opposite-gender bias is selective to
sad faces and prosody, which has again concurred with the
fact that gender differences are modulated by the interaction between emotion categories and communication channels (Hawk et al., 2009; Lambrecht et al., 2014; Thompson
& Voyer, 2014; Williams et al., 2009).
Notably, in our results, the opposite-gender effect was
only established for male decoders, while females exhibited
a tendency to respond rapidly to the sad faces and prosody
portrayed by the encoders of the same gender. The performance of women decoders did not reach significance possibly due to their overall superiority in emotion perception,
which may undermine the effect triggered by encoders’
gender. Another possible interpretation bears on gender
norms of the expression of sadness, which is a sign of vulnerability such that it is more female stereotyped than male
stereotyped. While females are inclined to endorse a unisex
standard of sadness, males tend to hold double criteria with
higher acceptability of women than men to express this type
of emotion (Cretser et al., 1982; Fischer et al., 2013; Fischer
& LaFrance, 2014; Glenberg et al., 2009; Kelly & HutsonComeaux, 1999; Plant et al., 2000; Warner & Shields, 2007).
Furthermore, contextual and methodological differences
might also account for why we did not observe a bidirectional gender bias for both female and male decoders as indicated in some earlier studies (Chun et al., 2012; Ethofer
et al., 2007; Hoffmann et al., 2010). For instance, our study
involved participants with a high-context Mandarin Chinese
cultural background and more types of communication channels and different categories of basic emotions compared
with previous ones, which may affect statistical sensitivity.
It is possible that cultural influences may socialize men and
women to act based on certain social expectations and
thereby modify the meaning of emotional expressions as
a function of both encoders’ and decoders’ genders (Kret
& de Gelder, 2012). Thus, to what extent the interplay
between encoders’ and decoders’ gender is emotion and
channel specific requires further scrutiny to verify generalizability of the findings.

Implications, Limitations, and Future Studies
This study demonstrates how the emotion- and channelspecific effects converge to uncover the nature of gender

differences in emotion expression and perception in a highcontext Chinese culture. Our findings suggest a complex interplay of endogenous and exogenous variables in emotion
processing, which sheds new light on the theoretical debates
and underlying mechanisms of emotion cognition. Future
studies can investigate how other types of individual differences
in demographic (e.g., age) and psychosocial (i.e., attention,
memory, language, personality traits) characteristics are associated with emotion processing performances under various interactional circumstances (Kidd et al., 2018; Lausen
& Schacht, 2018). Our study also provides significant insights into exploring the pathogenesis and symptomatology
of a wide range of mental disorders. Emotion processing
deficits have been repeatedly recognized as a core symptom in several psychiatric illnesses that appear to be gender
related, such as higher incidences of schizophrenia and autism among males, and mood disorders among females
(Cahill, 2006; Deng et al., 2016; Feldman et al., 2018; Lin
et al., 2018, 2020a). As the current research has evidenced
robust gender differences in emotion processing across sensory channels and emotion categories among healthy subjects,
it would be worthwhile to examine under what conditions
and to what extent patients with these gender-related disorders show abnormality, which has the potential to facilitate
disease prognosis and intervention in clinical practice. For
example, it remains to investigate whether higher autistic
prevalence among males, which often results in their social
isolation, is related to their inferior abilities in expressing
and perceiving prosocial and internalizing emotions in nonverbal communication as observed for happiness and sadness in this study.
One novel important finding of our study was that
gender differences were observed in the accuracy measure
in some combinations of emotion and channel, whereas in
other experimental conditions, gender differences were
only found in the reaction time measure. For instance, the
Channel × Emotion × Decoders’ Gender interaction was
not significant in the measurement of response time. Instead, the four-way interaction among channel, emotion,
and decoders and encoders’ gender was significant in the
measurement of reaction time but not accuracy. For the
encoding of emotions, stimuli produced by men and women
displayed a similar processing pattern but differed in significance levels and effect sizes between accuracy and reaction
time data. It is likely that some potentially significant differences that might have had a larger magnitude were underestimated, despite efforts made to mitigate the influence of
performance ceiling in statistical analyses. Consistent with
previous cross-channel/modal investigations (Filippi et al.,
2017; Lin et al., 2020b), these results suggest that the accuracy and response time measure may not exhibit the same
profile in emotion processing, which underlies the necessity
to integrate them for a more comprehensive interpretation
of the results. Future efforts could employ new methods
by combining behavioral experiments and neurophysiological techniques with higher temporal and spatial resolution (e.g., event-related potentials and functional magnetic
resonance imaging), which can bring us closer to a detailed
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mechanistic understanding of the existing theoretical accounts on gender differences and emotion processing—
in what measures, conditions, or contexts the theories are
supported and in what measures, conditions, or contexts
they diverge and may require alternative explanations.
There are some limitations in our study. First, our
stimulus design involved a small number of encoders,
especially for the auditory stimuli of emotional prosody
and semantics. There could also be distinct perceptual and
acoustic differences between acted and authentic emotional
vocal expressions across cultures (Anikin & Lima, 2018;
Cowen et al., 2019; Kitayama & Ishii, 2002). In addition,
though we based our study in a high-context Mandarin
Chinese culture, our decoder samples were about the same
age and attended the same highly selective university in
Shanghai. It is highly possible that students living in such
an international city may have extensive accesses to western cultures. Thus, it remains to be examined to what extent the current findings and discussions can be extended
to other cultural contexts. It would be more appropriate for
future studies to involve a larger size and wider range of
populations (Amorim et al., 2019; Lima et al., 2014; Lima
& Castro, 2011), and test both Eastern and Western participants in a comparative approach, which can contribute to our understanding of gender differences in emotion
processing in cross-linguistic and cross-cultural settings.
Moreover, emotional information was conveyed through
face, prosody, and semantics as three independent channels
in our study. Though one may encounter real-life situations
when they decode information through a single channel
(e.g., talking on the phone, listening to news broadcast, or
looking at one’s face when he/she is not speaking; Hawk
et al., 2009), it is more often the case that emotional signals are simultaneously transmitted through multiple channels. Thus, it is necessary to explore whether the gender
differences observed in our unisensory emotion identification tasks can be extended to a multisensory communication setting where participants need to disentangle the
interactions among different sensory channels (Filippi
et al., 2017; Lin et al., 2020b; Thompson & Voyer, 2014).

Conclusions
The current research examined how well decoders of
different genders can identify different categories of emotions encoded by female and male actors through verbal
and nonverbal channels. The results indicated that women
are generally more superior in emotion processing, but this
gender superiority effect is constrained by channels and
emotions: Happiness and sadness are better decoded and
encoded by females in the nonverbal (i.e., facial and prosodic) channels, whereas anger is more perceptually salient
in verbal (i.e., semantic) content; for male encoders, however,
anger enjoys greater perceptual advantages when expressed
in the nonverbal channels, whereas happiness and sadness
are more prominent when denoted in verbal content. In addition, there is an emotion- and channel-specific interaction
between the two types of gender. Male decoders tend to
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demonstrate more pronounced differences than female decoders when responding to sad faces and prosody portrayed
by female encoders compared with the ones encoded by
males. These findings clearly demonstrate that gender differences in emotion processing are modulated by emotion
categories and communication channels, which has important
implications for theoretical accounts on gender differences
in encoding and decoding emotions, and practical applications in developing gender-appropriate diagnosis and
intervention.
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