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Abstract

The recognition of emotional expressions is important for social understanding and interaction, but findings on the
relationship between emotion recognition, empathy, and theory of mind, as well as sex differences in these relationships,
have been inconsistent. This may reflect the relative involvement of affective and cognitive processes at different stages
of emotion recognition and in different experimental paradigms. In this study, images of faces were morphed from
neutral to full expression of five basic emotions (anger, disgust, fear, happiness, and sadness), which participants were
asked to identify as quickly and accurately as possible. Accuracy and response times from healthy males (n=46) and
females (n=43) were analysed in relation to self-reported empathy (Empathy Quotient; EQ) and mentalising/theory of
mind (Reading the Mind in the Eyes Test). Females were faster and more accurate than males in recognising dynamic
emotions. Linear mixed-effects modelling showed that response times were inversely related to the emotional empathy
subscale of the EQ, but this was accounted for by a female advantage on both measures. Accuracy was unrelated to
EQ scores but was predicted independently by sex and Eyes Test scores. These findings suggest that rapid processing
of dynamic emotional expressions is strongly influenced by sex, which may reflect the greater involvement of affective
processes at earlier stages of emotion recognition.
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Introduction and communication (Blair, 2003). It has been proposed that
emotions expressed through the face are recognised through
a process of embodied simulation (Gallese, 2005), whereby
others’ expressions activate corresponding sensorimotor rep-
resentations in the observer’s brain, and this is supported by
recent neuroimaging evidence (Volynets et al., 2020). The
embodied response may involve mimicry, which is the sub-

The study of emotions, and their expression and recognition, is
integral to the broader study of social cognition. In particular,
emotion recognition—the ability to accurately read informa-
tion about the emotional state of a conspecific from the face,
voice, and body—confers survival value in both humans and

non-human social species (Ferretti & Papaleo, 2019). By some 4 0ch01d activation of facial muscles involved in producing

accounts, the ability to empathise with others originates in the target expression, as demonstrated in electromyography

more primitive and unconscious emotional processes, includ- (EMG) studies (Sato et al., 2008). Consequently, it has also
ing motor contagion that reflects shared neural representations .., proposed that sensojrimotor processing d;ﬁcits may

of perception a?ld action (de Waal', 2012; ngksepp, 201). contribute to impaired emotion recognition ability in
Yet, despite the importance of emotion recognition and empa-

thy, the relationship between them, and the influence of sex
differences within this, are still poorly understood.
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conditions such as Parkinson’s disease (Ricciardi et al.,
2017) and autism (Eigsti, 2013).

The majority of previous research into facial emotion
recognition has used static images, which lack ecological
validity given the dynamic nature of social interactions.
When moving stimuli are used instead, emotion recognition
tends to be faster and more accurate (Krumhuber et al.,
2013). Electrophysiological and neuroimaging studies have
found increased facial mimicry for dynamic expressions
(Sato et al., 2008), as well as greater recruitment of sensori-
motor and emotion-related brain regions (Arsalidou et al.,
2011; Kessler et al., 2011), suggesting that simulation may
be enhanced for dynamic stimuli. In addition, the use of
motion cues in dynamic emotion recognition has been found
to be altered in people with Parkinson’s disease, possibly
reflecting reduced motor simulation (Bek et al., 2020).

Affective and cognitive processes in emotion
recognition

The ability to recognise and respond appropriately to emo-
tional and mental states is considered to be a key aspect of
empathy, which is more broadly defined as a set of skills nec-
essary for relating to others (Baron-Cohen & Wheelwright,
2004; Christov-Moore et al., 2014; Decety & Jackson, 2006).
Empathy has been suggested to involve both affective and
cognitive components (Baron-Cohen & Wheelwright, 2004;
Decety & Moriguchi, 2007). The affective component
(sometimes termed “emotional empathy”) refers to the pre-
cognitive processing of emotional states, and has been
described as the vicarious sharing of emotion (Smith, 2006),
implying a role of embodied simulation in this aspect of
empathy. While Blair (2005) proposed a three-component
structure of empathy, which additionally includes “motor
empathy,” this third component can be seen to overlap with
the concept of embodiment within affective empathy.
Cognitive empathy, by contrast, is proposed to be a more
explicit process of interpreting others’ behaviour in terms of
their beliefs and intentions (Zaki & Ochsner, 2012). The term
“cognitive empathy” has also been used synonymously or
interchangeably with “theory of mind” and “mentalising”
(Baron-Cohen et al., 2001; Lawrence et al., 2004). It has
been argued that the affective and cognitive components of
empathy work interactively rather than being separable pro-
cesses or skills (Baron-Cohen & Wheelwright, 2004; Decety
& Moriguchi, 2007). However, theory of mind and empathy
have elsewhere been described as distinct social-cognitive
processes (e.g., Fortier et al., 2018), and emotional and cog-
nitive aspects of empathy may recruit different neural sys-
tems, the former being associated with regions involved in
motor simulation and mirroring (Shamay-Tsoory, 2011; Zaki
& Ochsner, 2012).

Although emotion recognition has been extensively stud-
ied in different populations, with deficits found across a num-
ber of developmental, psychiatric, and neurodegenerative

conditions alongside other social-cognitive impairments
(Christidi et al., 2018; Elamin et al., 2012; Harms et al., 2010;
Kohler et al., 2003), its relationship with empathy is not well
understood. There is some evidence associating emotion rec-
ognition with self-report empathy measures such as the
Empathy Quotient (EQ; Baron-Cohen & Wheelwright,
2004), which is a widely used and validated instrument
designed to measure cognitive and affective facets of empa-
thy in both research and clinical settings. Scores on the EQ as
well as the “empathic concern” subscale of the Interpersonal
Reactivity Index (IRI; Davis, 1983) have been found to be
related to recognition of basic emotions from static expres-
sions (Besel & Yuille, 2010; Sucksmith et al., 2013), and the
IRI has been associated with recognition of dynamic expres-
sions (Lewis et al., 2016). Other studies have shown a posi-
tive association of EQ scores with accuracy in imitating
emotional facial expressions (Williams et al., 2013), and an
inverse relationship with neural activity during a dynamic
emotion perception task (Chakrabarti et al., 2006).

The Reading the Mind in the Eyes test (Eyes Test; Baron-
Cohen et al., 2001) is a widely used task that assesses the
ability to infer complex emotions and other mental states
from photographs of the eye region of human faces. Although
the Eyes Test was designed to assess cognitive empathy,
mentalising, or theory of mind, it has also been described as
an emotion recognition test (Alaerts et al., 2011; Oakley
etal., 2016; Vellante et al., 2013), and has been found to cor-
relate with measures of emotional processing, including
“emotional intelligence” (Megias-Robles et al., 2020) and
emotion recognition (Hargreaves et al., 2016; Henry et al.,
2009; Olderbak et al., 2015; Petroni et al., 2011). A positive
correlation between the EQ and Eyes Test has been found
(Lawrence et al., 2004; Voracek & Dressler, 2006), which
may reflect the involvement of cognitive aspects of empathy
in this task. However, this has not consistently been repli-
cated (Baron-Cohen et al., 2015; Vellante et al., 2013).

The heterogeneity among tasks and stimuli used to assess
emotion recognition presents a particular challenge to under-
standing its relationship with aspects of empathy. Previous
studies of facial emotion recognition have differed in terms of
stimulus and task characteristics (see meta-analysis by
Thompson & Voyer, 2014), which may tap into different
mechanisms, potentially accounting for some of the incon-
sistencies in previous findings. For example, it has been pro-
posed that affective processes may have a greater involvement
in the more automatic recognition of emotional expressions at
shorter exposures, whereas at longer exposures cognitive
strategies may be invoked (Besel & Yuille, 2010).

Sex differences in empathy and emotion
recognition
Given the role of emotional processes in social under-

standing and interaction, it is important to consider how
sex differences may influence emotion recognition and
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empathy. It is likely that there are multiple contributors to
such differences, including genetic, biochemical, and envi-
ronmental factors (Christov-Moore et al., 2014; Kret & De
Gelder, 2012). Within an evolutionary framework of
empathy, for example, maternal instincts including sensi-
tivity to emotional signals from offspring have particular
significance (e.g., de Waal, 2012; Panksepp, 2011),
prompting the study of sex differences in emotion recogni-
tion (e.g., Hampson et al., 2006) and in affective neurosci-
ence more generally (Kret & De Gelder, 2012).

Typically, females score higher than males on the EQ
and other self-report empathy scales (Baez et al., 2017;
Baron-Cohen & Wheelwright, 2004; Greenberg et al.,
2018; Kidron et al., 2018; Lawrence et al., 2004; Vellante
et al., 2013). Sex differences in relation to the different
components of empathy have also been suggested; for
example, neuroimaging during empathy tasks has revealed
that females showed stronger activations in areas associ-
ated with emotional processing (including the amygdala),
while males showed greater activation of cognitive pro-
cessing areas (Derntl et al., 2010).

Females are also generally faster and more accurate in
recognising emotional expressions (see Kret & De Gelder,
2012; Thompson & Voyer, 2014) and notably, females
show a greater advantage than males in recognising
dynamic compared with static emotions (e.g., Biele &
Grabowska, 2006). Differences between males and females
in neural activations (Li et al., 2020; Stevens & Hamann,
2012) and eye gaze patterns (Hall et al., 2010; Vassallo
et al., 2009) during emotion recognition tasks have sug-
gested that there may be sex differences in underlying
mechanisms. In addition, in EMG studies, females have
shown increased facial mimicry of emotional expressions,
and appear to utilise feedback from facial muscles more
than males during emotion recognition (Sonnby-Borgstrom
et al., 2003; Stel & Van Knippenberg, 2008). Together with
the clearer female advantage in recognising dynamic stim-
uli, this suggests a greater role of embodied simulation in
females, which might correspond to processing emotions at
a more automatic and affective level (Christov-Moore
et al., 2014). A recent meta-analysis of 28 studies (Holland
etal., 2021) found a significant overall relationship between
various self-report empathy measures and facial mimicry
of emotions in females but not males across both static and
dynamic paradigms. Although there was no significant
relationship between mimicry and emotion recognition,
this additional analysis only included a subset of nine stud-
ies and response times (RTs) were not examined, poten-
tially obscuring a role of mimicry in the early processing of
emotions.

In contrast to tasks using dynamic emotion stimuli, the
Eyes Test, which as noted above involves identifying com-
plex emotions and mental states from static expressions, is
assumed to reflect more cognitive aspects of empathy, and
has not consistently shown superior performance by

females (Alaerts et al., 2011; Baron-Cohen et al., 2015;
Dodell-Feder et al., 2020; Olderbak et al., 2015; Vellante
et al., 2013). Previous studies have also failed to find a
clear role of sex differences in the relationship between
empathy and static emotion recognition. For example, sex
did not influence the prediction of Eyes Test scores by
dimensions of emotional intelligence (Megias-Robles
et al., 2020), and was not found to moderate the relation-
ship between self-reported empathy and recognition of
static emotions (Besel & Yuille, 2010).

The present study

The aim of this study was to clarify the relationship between
recognition of dynamic emotional expressions and empathy,
and to examine how sex differences may influence this rela-
tionship. Females were expected to show higher scores on self-
reported empathy (EQ), particularly in affective/emotional
empathy, and to be faster and more accurate in recognising
dynamic emotional expressions. Dynamic emotion recognition
was expected to be related to levels of self-reported empathy,
but based on previous findings it was not clear whether this
relationship would be influenced by sex differences. In addi-
tion, associations between emotion recognition, empathy, sex,
and recognition of complex emotions/mental states from static
expressions (using the Eyes Test) were explored.

Methods

Participants

A convenience sample of 89 students (43 females, 46
males) from University College Dublin (UCD) partici-
pated in the study, with a mean age of 22.7 years (SD=5.2),
which did not differ significantly between females and
males, #(87)=0.57; p=.57; Cohen’s d=0.12. Participants
reported no significant history of neurological or psychiat-
ric conditions. The study was approved by the UCD
Human Research Ethics Committee and participants pro-
vided informed consent.

Procedure and materials

Tasks were completed in the following fixed order: (1)
dynamic emotion recognition, (2) complex emotion/men-
tal state recognition (Eyes Test), (3) self-reported empathy
(EQ). The dynamic emotion recognition task was adminis-
tered using Presentation (Neurobehavioral Systems, Inc.)
and the Eyes Test and EQ were administered in Qualtrics
(Provo, UT). Stimuli were presented on a Dell XPS-8300
PC with a screen size of 19 inches and display resolution
0f 2048 X 1152.

Dynamic emotion recognition. The emotion recognition task
was based on Lynch et al. (2006). Participants observed a
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Figure |. Examples of face images (comparable to those used in the dynamic emotion recognition task) showing the morphing
from neutral (far left) through to full expression (far right) in increments of 20% for the emotion of happiness. Morph examples are
for illustrative purposes only, created using WebMorph (DeBruine, 2018) with images available under CC BY license from DeBruine

& Jones (2017).

series of faces that morphed from a neutral expression to a full
emotional expression and judged which emotion was being
expressed. The stimuli were created using images from the
Stirling/ESRC 3D Face Database.! Six expressions (anger,
disgust, fear, happiness, sadness, and neutral) posed by six
different actors (three males, three females) were selected.
Surprise was not included in the set of emotions because pilot
work indicated that it could not be reliably differentiated from
expressions of fear, and surprise is suggested to be a more
complex emotion that may require additional cognitive pro-
cessing (Baron-Cohen et al., 2008). The face morphing pack-
age Psychomorph® was used to transform each face from
neutral to full emotional expression (Tiddeman et al., 2005)
using a guide by Sutherland (2015). Each face was morphed
from 100% neutral to 100% emotion in 21 steps with a 5%
increase in the emotional expression at each step. For each
face and emotion, the 21 morphs (rendered in eight-bit col-
our) were used to create.avi format videos using iMovie. The
video frames subtended ~11.5 by ~10.9degrees of visual
angle at a comfortable viewing distance of ~60 cm.
Examples of the stimuli are shown in Figure 1. In each
trial, participants watched a short video (8,500 ms) of the
face morphing from neutral to full expression and indicated
which of the five emotions was displayed, using a Cedrus
Response Box labelled with the corresponding emotion
words. Participants were advised to respond as quickly as
possible once they were reasonably confident as to the
emotion displayed; i.e., both speed and accuracy were
emphasised. Following the final frame, participants were
given a further opportunity to select an emotion based on a
single presentation of a static image showing the full
expression of the emotion (100%); however, responses
were very similar to the initial emotion judgements and are

not reported further. The task consisted of 30 test trials,
which were randomised across the six actors and six expres-
sions. This was preceded by a demo trial showing a face
morphing from neutral to full expression, and two practice
trials, which used different stimuli to those in the test
trials.

Empathy Quotient. The EQ (Baron-Cohen & Wheel-
wright, 2004) is a self-report questionnaire requiring par-
ticipants to rate their agreement with each of 40 statements
(e.g., “Seeing people cry doesn’t really upset me”; “I am
good at predicting how someone will feel””) on a 4-point
scale. Responses of “agree” or “strongly agree” score one
or two points, respectively, while “disagree” and “strongly
disagree” are both scored as zero, resulting in a total score
out of 80. Approximately half of the items are
reverse-scored.

Eyes Test. The Reading the Mind in the Eyes Test—
Revised (Eyes Test; Baron-Cohen et al., 2001) is a test of
complex emotion and mental state recognition, in which
participants are presented with 36 photographs of the eye
region of male and female actors’ faces and select which
word (out of four options) best describes what the person
is thinking or feeling. A glossary is provided in case par-
ticipants are unfamiliar with any of the mental state terms.

Data analysis. Based on factor analysis by Muncer and
Ling (2006; also see Groen et al., 2015), the EQ was
divided into three subscales, each comprising five items,
which are assumed to reflect “cognitive empathy,” “emo-
tional empathy,” and “social skills.” Statistical analysis

was conducted in R (R Core Team, 2021).
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Figure 2. Accuracy (percent correct; left) and response times/number of frames elapsed to correctly identify each of the five

emotions (right) by females and males.
Error bars show 95% confidence intervals.

Initial analysis of RTs and accuracy (percent correct)
for each emotion in the dynamic recognition task in males
and females was conducted using multiple regression. Sex
differences on the EQ and Eyes Test were analysed using
independent #-tests, and Pearson’s correlation coefficients
between the EQ and Eyes Test were calculated. Linear
mixed-effects modelling was then conducted using the R
package lme4 (Bates et al., 2015), to further explore sex
differences and relationships with the EQ and Eyes Test.

Results

Figure 2 shows accuracy (percent correct) in recognising
the five different emotions and RTs with the corresponding
number of frames elapsed to correctly identify the target
emotion. RTs were naturally limited at the upper end as the
task timed out if participants did not respond by the end of
the morph sequence. RTs were shortest for happiness and
longest for fear, and there was no evidence of a speed/
accuracy trade-off, with accuracy being highest for happi-
ness and lowest for fear. Females appeared faster and more
accurate than males, with a more pronounced sex differ-
ence for RTs. Multiple regression analyses confirmed these
observations (Table 1): relative to the baseline emotion of
happiness, RTs increased and accuracy decreased for all
other emotions, and males were slower and less accurate
than females.

Empathy Quotient

The distribution of scores on the EQ is shown in the left
panel of Figure 3. Females scored significantly higher than
males on the EQ total score, females A/=51.28, males
M=41.04, #87)=—-4.65, p<.001; Cohen’s d=0.99.
Females also scored significantly higher than males on the
cognitive empathy subscale, #87)=-2.77, p=.006;

Cohen’s d=0.59, and the emotional empathy subscale,
t(87)=—6.51, p<.001; Cohen’s d=1.38, but the difference
on the social skills subscale was much less marked,
t(87)=-1.76, p=.08; Cohen’s d=0.37.

Eyes Test

As illustrated in the right panel of Figure 3, there was no
significant sex difference for the Eyes Test, females
M=28.63, males M=28.07; 1(87)=—0.80, p=.43; Cohen’s
d=0.17. A significant positive correlation between the
Eyes Test and the EQ was found across all participants,
r(87)=0.31; p=.003, as well as for females, r (41)=.31;
p=.045. Correlations between the Eyes test and each sub-
scale of the EQ were also analysed. As illustrated in
Figure 4, there was a significant relationship with cogni-
tive empathy, 7(87)=.26; p=.013, but the correlation with
emotional empathy did not reach significance, #(87)=.19;
p=.08, and there was no evidence of a correlation with
social skills, 7(87)=.052; p=.63. Correlations were not
significant when females and males were analysed
separately.

Predictors of dynamic emotion recognition

In modelling RT, the intercepts for participants, stimuli,
and emotions were included as random effects. Predictor
variables were added successively into models as fixed
factors (see Table 2 and Figure 5). Model 1 included the
three EQ subscales, showing a significant effect of the
emotional empathy subscale, with higher scores predict-
ing faster RTs. Model 2 included sex as an additional fac-
tor, showing a significant effect whereby males were
slower than females, but the effect of emotional empathy
became non-significant. In Model 3, scores on the Eyes
Test were added in, which showed no significant effect.
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Table I. Multiple regression analysis of effects of each of the five basic emotions and sex on RT and accuracy in the dynamic
emotion recognition task, showing coefficient estimates, t-values and significance levels (significant factors shown in bold).

Predictor RT (ms) R*/R%-adjusted Accuracy (% correct) R%/R%-adjusted
Estimate t b Estimate t b
(Intercept) 3,819.10 56.19 <.001 100.23 44.86 <.001
Emotion: fear 2,192.42 19.58 <.001 -59.36 -20.70 <.001
Emotion: sadness 1,164.16 13.04 <.001 -19.10 —6.66 <.001
Emotion: disgust 1,129.56 11.82 <.001 -35.58 —12.41 <.001
Emotion: anger 831.13 8.92 <.00l -30.15 -10.51 <.001
Sex: male 503.20 7.93 <.001 -3.71 -2.05 .041
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Figure 3. Violin plots showing the mean EQ score (left) and mean

Dots represent individual data points.

Comparing the models with likelihood ratio tests showed
that the inclusion of sex added explanatory power, Model
1 vs. Model 2; x%(1)=12.0; p=.0005, but Eyes Test scores
did not, Model 2 vs. Model 3; ¥%(1)=0.50; p=.48. The
effect of sex in Model 2 likely masks that of emotional
empathy because the latter is largely attributable to sex
differences in empathy. It is noted that the coefficient for
sex is much larger because this represents the estimated
difference in the dependent variable (RT) between groups,
while those for the EQ subscales and Eyes Test represent
the estimated difference in RT for a one-point change in
EQ or Eyes Test score.

In modelling the accuracy data, the intercepts for partici-
pants and emotions were included as random effects. Fixed
effects were entered into subsequent models in the same
order as for RT. As shown in Table 2 (and Figure 5), there
was no significant effect of the EQ subscales in Model 1.
Adding sex into Model 2 showed that males were signifi-
cantly less accurate than females, and adding Eyes Test
scores into Model 3 resulted in a significant effect

Eyes Test score (right) with 95% confidence intervals.

associating higher scores with higher accuracy in dynamic
emotion recognition, while retaining a significant effect of
sex. Likelihood ratio tests showed that each subsequent
model added explanatory power, Model 1 versus Model 2,
x2(1)=5.19; p=.023; Model 2 versus Model 3, x*(1)=11.68;
p=.00057, such that sex and Eyes Test both independently
contributed to predicting accuracy.

Discussion

This study examined the relationship between recognition
of dynamic emotional expressions and empathy, as well as
the role of sex differences within this. In line with previous
findings (e.g., Beaudry et al., 2014; Ekman & Friesen,
1976; Lynch et al., 2006), happiness was the most easily
identified expression while fear was the most difficult, and
females were faster and more accurate than males in rec-
ognising emotions (e.g., Kret & De Gelder, 2012;
Thompson & Voyer, 2014), although the evidence was
stronger for RTs than accuracy. Females also showed
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Table 2. Results of linear mixed modelling to predict RT and accuracy in the dynamic emotion recognition task, showing fixed
factors included in each iteration of the model, with coefficient estimates, t-values and significance levels (significant fixed factors in

each model shown in bold).

RT (ms) Accuracy (% correct)
Predictor Estimate t p Marginal/ Estimate t p Marginal/
conditional R? conditional R?
Model |
(Intercept) 5,647.31 1351 <.001 69.32 7.24 <.00l
EQ-CE 4.06 0.13 .896 0.17 0.31 754
EQ-EE -60.23 -2.10 .036 -0.18 -0.36 719
EQ-SS -25.04 -0.82 410 0.03 0.06 949
.0l117/.382 .000 / .557
Model 2
(Intercept) 4,978.99 11.04 <.001 77.19 7.63 <.001
EQ-CE 2.94 0.10 .920 0.19 0.35 725
EQ-EE -1.46 -0.05 963 -0.87 -1.52 129
EQ-SS -14.95 -0.52 .601 -0.08 -0.16 875
Sex: male 504.85 3.58 <.001 -5.95 -2.31 .021
.028 / .382 .008 / .557
Model 3
(Intercept) 5311.85 8.15 <.001 48.67 3.8l <.001
EQ-CE 7.33 0.25 .805 -0.19 -0.37 709
EQ-EE 0.28 0.01 .993 -1.02 -1.89 .058
EQ-SS -16.09 -0.56 .573 0.01 0.02 987
Sex: male 508.20 3.6l <.001 -6.18 -2.57 010
Eyes Test -12.82 -0.71 480 1.10 3.56 <.001
.028 /.382 .025/.557

EQ: empathy quotient; CE: cognitive empathy; EE: emotional empathy; SS: social skills; Eyes Test: total score on Reading the Mind in the Eyes Test.

higher levels of self-reported empathy on the EQ, as previ-
ously reported (e.g., Baron-Cohen & Wheelwright, 2004;
Greenberg et al., 2018).

Linear mixed modelling was used to explore the contri-
butions of different aspects of empathy and sex differences
in predicting performance on the emotion recognition task.
Although faster RTs were associated with higher scores on
the emotional empathy subscale of the EQ, this effect was

found to be accounted for by sex differences in the two
measures. Higher scores on the EQ have previously been
associated with earlier recognition of morphed emotional
expressions (Kosonogov et al., 2015), but the influence of
sex within this relationship was not reported. It is also pos-
sible that sex differences contributed to other previous
findings associating self-reported empathy with dynamic
emotion recognition (e.g., Lewis et al., 2016).
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Given that responses tend to be faster and more accu-
rate to dynamic than static stimuli (Krumhuber et al.,
2013), and that increased mimicry has been found for
moving expressions (Rymarczyk et al., 2016; Sato et al.,
2008), it follows that dynamic emotion recognition tasks
may recruit automatic, affective processes to a greater
extent than static tasks. Moreover, the female advantage in
emotion recognition appears to be greater for dynamic
than static stimuli, as indicated by evidence from intensity
ratings (Biele & Grabowska, 2006), empathic responses
(Kuypers, 2017), and mimicry (Rymarczyk et al., 2016).
The shorter RTs exhibited by females in this study as well
as in previous studies may, therefore, relate to a greater
involvement of affective processing, which is also reflected
in their higher emotional empathy scores. This suggestion
is also consistent with previous research indicating greater
recruitment of emotion-related brain regions during empa-
thy tasks in females (Derntl et al., 2010).

There is also some evidence associating emotion recog-
nition at briefer presentation durations with more affective
aspects of empathy, as measured by the “empathic con-
cern” subscale of the IRI (Besel & Yuille, 2010). As noted
above for dynamic emotions, mimicry has also been asso-
ciated with recognition of briefly presented (500 ms) stim-
uli (Borgomaneri et al., 2020), and a recent meta-analysis
found a stronger relationship between empathy and mim-
icry of emotions at shorter stimulus durations (Holland
et al., 2021). If there is an increased reliance on affective
processing at shorter stimulus exposure durations, it might
be expected that sex differences would also be amplified.
Indeed, it has been suggested that inconsistent findings on
sex differences in neural activations during processing of
emotional stimuli may be, in part, accounted for by the
involvement of different processes at different durations
(Kret & De Gelder, 2012). However, studies using static
emotion recognition paradigms have not found differential

effects of sex at different latencies (e.g., Hall & Matsumoto,
2004). Also using static stimuli, Besel and Yuille (2010)
found that sex did not influence either the relationship
between emotion recognition and affective empathy
(“empathic concern”) at a shorter presentation duration
(50 ms) or the relationship with the EQ at a longer duration
(2,000 ms).

To further understand the roles of sex differences and
empathy in different aspects of emotion recognition, this
study also explored how dynamic emotion recognition and
empathy might relate to performance on the Eyes Test,
which has been described both as a test of theory of mind
or mentalising (Baron-Cohen et al., 2001) and a test of
complex emotion recognition (e.g., Oakley et al., 2016).
Performance on the Eyes Test was associated with accu-
racy but not RTs in dynamic emotion recognition, which
was independent of sex differences. The embodied simula-
tion of observed expressions might be greatly reduced in
the Eyes Test, as the stimuli are static and only show a
limited portion of the face. This would be expected to
increase reliance on top—down inferential processing, thus
attenuating the female advantage typically found in emo-
tion recognition. The absence of a significant sex differ-
ence in the Eyes Test in this study is consistent with
previous findings from a large sample of participants
(Olderbak et al., 2015).

Accuracy in the Eyes Test correlated positively with the
cognitive empathy subscale of the EQ, which also fits with
the suggestion that the processing of emotional expres-
sions at later stages corresponds more closely to higher
level or cognitive aspects of empathy (e.g., Besel & Yuille,
2010). The relationship of cognitive empathy with accu-
racy in the Eyes Test but not in the dynamic emotion rec-
ognition task could reflect the more complex nature of the
emotions and mental states in the Eyes Test. However,
while some previous studies have found a relationship
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between the Eyes Test and EQ (Lawrence et al., 2004;
Voracek & Dressler, 2006), others have not (Baron-Cohen
et al., 2015; Vellante et al., 2013), and Lawrence et al.
(2004) found neither EQ nor sex to significantly predict
Eyes Test scores. Interpretation of performance on the
Eyes Test has also been noted to be complicated by its reli-
ance on verbal ability (Lawrence et al., 2004; Olderbak
et al., 2015), and the influence of education, race, and eth-
nicity (Dodell-Feder et al., 2020).

Finally, the absence of an independent relationship
between empathy scores on the EQ subscales and dynamic
emotion recognition requires further investigation.
Although Muncer and Ling (2006) found their subscales to
have adequate reliability and validity, further psychomet-
ric analysis has suggested that the EQ measures a single
construct of empathy (Allison et al., 2011), while others
have argued that the overall scale reflects cognitive more
than affective aspects of empathy (Besel & Yuille, 2010;
Dziobek et al., 2008).

More broadly, the inconsistent terminology and defini-
tions used to describe emotion recognition, theory of mind
and empathy, and the measures used to test these con-
structs, make it difficult to identify clear relationships
between different facets of social-cognitive processing (as
noted by Mitchell & Phillips, 2015). Future research
should more systematically investigate the relationships of
dynamic and static emotion recognition with different
empathy measures and sex differences, using carefully
designed paradigms permitting the measurement of accu-
racy, RTs, and mimicry.

This study provides further evidence on sex differences
in dynamic emotional processing, with a larger sample
size than previous studies (e.g., Bicle & Grabowska,
2006), while also indicating how sex differences may
influence the relationship between emotional processing
and empathy. Nonetheless, some limitations should be
acknowledged when interpreting the findings and design-
ing future studies. The dynamic stimuli in this study were
created by morphing still frames of posed expressions,
which may have resulted in less naturalistic portrayal than
if spontancous expressions were used, and consequently
may have increased the difficulty of the task. In addition,
this study did not include a direct comparison of dynamic
and static versions of the same expressions, which may
have enabled stronger conclusions to be drawn. It could
also be argued that requiring participants to make an emo-
tion judgement while the expression was morphing
required the recruitment of additional cognitive
processes.

In conclusion, the present findings suggest that the
female advantage in speed of identifying emotions from
dynamic expressions may reflect the involvement of more
automatic affective processes at earlier stages of emotion
recognition. The recognition of emotions at longer dura-
tions, or from more complex static expressions, may

increasingly involve top—down inferential processing, and
appears to be less susceptible to sex differences. The
influence of sex on emotion recognition and empathy may
reflect an evolutionary adaptation (e.g., Hampson et al.,
20006), such that the faster processing of basic emotional
states by females alongside affective empathy may have
arisen from primary caretaking roles. The present findings
also suggest a mechanism by which interpersonal under-
standing and behaviour might differ between males and
females in dynamic social scenarios.
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