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Abstract

Past research indicates that spontaneous mimicry facilitates the decoding of others’ emotions,
leading to enhanced social perception and interpersonal rapport. Individuals with schizophrenia
(S2) show consistent deficits in emotion recognition and expression associated with poor social
functioning. Given the prominence of blunted affect in schizophrenia, it is possible that
spontaneous facial mimicry may also be impaired. However, studies assessing automatic facial
mimicry in schizophrenia have yielded mixed results. It is therefore unknown whether emotion
recognition deficits and impaired automatic facial mimicry are related in schizophrenia. SZ and
demographically matched controls (CO) participated in a dynamic emotion recognition task.
Electromyographic activity in muscles responsible for producing facial expressions was recorded
during the task to assess spontaneous facial mimicry. SZ showed deficits in emotion identification
compared to CO, but there was no group difference in the predictive power of spontaneous facial
mimicry for avatar’s expressed emotion. In CO, facial mimicry supported accurate emotion
recognition, but it was decoupled in SZ. The finding of intact facial mimicry in SZ bears important
clinical implications. For instance, clinicians might be able to improve the social functioning of
patients by teaching them to pair specific patterns of facial muscle activation with distinct emotion
words.
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1. Introduction

Abnormalities of emotional experience were recognized as central to schizophrenia by
Kraepelin and Bleuler who believed “flat” and “inappropriate” affect to be core features of
the illness (see Trémeau, 2006 for a review). Although there is a long history of emotion
research in schizophrenia, much of the past work has focused on facial emotion recognition
performance and anhedonia (Horan et al., 2005.) Less known is the relationship between the
conscious experience of emotion and the unconscious activation of bodily responses that
might also be altered in schizophrenia. Interestingly, while some aspects of emotional
functioning appear to be altered in individuals with schizophrenia, others might be intact.
For instance, although emotion perception and expression have been consistently found to be
impaired, emotional experience seems largely unaffected in schizophrenia (for a review see
Kring and Elis, 2013). This suggests that while people with schizophrenia report subjective
emotional experiences similar to those reported by control individuals, they have difficulty
recognizing the emotional facial expressions of others, and exhibit atypical
psychophysiological responses to emotional stimuli. Producing and recognizing emotional
expressions is crucial to communicating internal feelings and intentions (Ekman et al.,
1979). Thus, the social function of emotions (i.e., communicating affective states and
understanding the experiences of others) appears to be compromised in schizophrenia.

Appropriate emotional responses within a social interaction are crucial to successful
communication and navigation of interpersonal relationships. Research suggests that the
facial expression of emotions is reduced in individuals with schizophrenia, even when they
report experiencing an emotion (Berenbaum and Oltmanns, 1992; Kring and Moran, 2008).
However, studies using facial electromyography (fFEMG) found that the recruitment of facial
muscles underlying the production of facial expressions is intact in this population (Kring et
al., 1999). Together, these results suggest that although observed emotional expressions are
affected in schizophrenia, the engagement of facial muscles associated with these
expressions is not. In other words, while overt facial expressions are reduced, the underlying
moto-kinetic process seems intact.

The ability to recognize the emotional states of others is also critical to social functioning
and predicts functional outcome (Hooker and Park, 2002). Emotion detection and
identification have been consistently found to be impaired across the schizophrenia
spectrum: from individuals at ultra high-risk for psychosis (Amminger et al., 2012a; Cohen
et al., 2015; Gooding and Tallent, 2003; Phillips and Seidman, 2008), to first-episode
patients (Herbener et al., 2005), and individuals with schizophrenia (Edwards et al., 2002;
Kohler et al., 2003, 2010). Importantly, emation recognition deficits in schizophrenia are
independent of medication effects and demographic factors such as race and gender (Kohler
et al., 2010). Additionally, emotion recognition deficits appear to be independent of the stage
of schizophrenia illness, already contributing to social functioning impairments in emerging
psychatic illness (Amminger et al., 2012b).

Research suggests that the ability to identify emotions in others might rely on automatic
motor processes such as spontaneous bodily coordination (Lakin and Chartrand, 2003;
Moody et al., 2018; Prochazkova and Kret, 2017). For instance, facial mimicry, the
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automatic process by which individuals match other’s facial expressions during social
interactions (Dimberg, 1990) has been shown to contribute to emotion recognition (Goldman
and Sripada, 2005; Niedenthal et al., 2010). When facial mimicry is blocked with a muscle
paralytic, the ability to identify facial expression of emotions is impaired in healthy
individuals (Oberman et al., 2007; Neal and Chartrand, 2011). Furthermore, a specific
pattern of muscle activation can induce an emotion (Prigent et al., 2014), suggesting that the
automatic mimicry of other’s facial expressions allows us to share their emotional
experience. The facial feedback hypothesis further posits that facial synchrony promotes
empathy (Adelman and Zajonc, 1999), highlighting the importance of mimicry for social
connectedness. In sum, the automatic mimicry of others’ facial expressions mediates
emotional contagion, social functioning, and embodied affect. Therefore, deficits in facial
mimicry could contribute to emotion identification deficits.

Although it is well established that individuals with schizophrenia exhibit decreased
spontaneous facial expressions, studies investigating facial mimicry in this population
remain sparse and have yielded mixed results (Kring, 1999). Indeed, facial mimicry has
previously been found to be both intact (Chechko et al., 2016) and impaired (Varcin et al.,
2010) in individuals with schizophrenia. Thus, it remains unclear whether spontaneous
mimicry is altered in schizophrenia. Interestingly, intentional facial expression imitation has
been found impaired in schizophrenia (Schwartz et al., 2006), and broader deficits in action
imitation have been linked to altered brain activation in this population (Thakkar et al.,
2014). Similar disruptions of automatic facial mimicry could explain deficits in emotion
recognition and broader social deficits in individuals with schizophrenia.

Deficits in emotion recognition are well established in the literature, however, the ability of
people with schizophrenia to automatically mimic the facial expressions of others remains
unclear. Furthermore, to our knowledge, automatic facial mimicry and emaotion identification
have never been tested simultaneously in schizophrenia. In the current study, we assessed
performance on a novel dynamic emotion recognition task while monitoring facial mimicry
using fEMG. Given past findings, we expected the performance of individuals with
schizophrenia to be less accurate than that of matched controls during the emotion
recognition task. With respect to facial mimicry measured by fEMG, we expected
individuals with schizophrenia to show reduced activity of the zygomatic and corrugator
muscles. Although the findings of facial mimicry in schizophrenia are mixed, we decided to
test the hypothesis that deficits in facial synchrony underlie impaired emotion recognition in
schizophrenia.

2. Methods

2.1. Participants

Twenty-one individuals who met the DSM-V criteria for schizophrenia (SZ) were recruited
from an outpatient day facility in Nashville, TN. Diagnosis was confirmed with the
Structured Clinical Interview for DSM-V (SCID-5RV; First et al., 2015). Symptoms were
assessed with the Brief Psychiatric Rating Scale (BPRS; Overall and Gorham, 1962), the
Scale for the Assessment of Positive Symptoms (SAPS; Andreasen, 1984), and the Scale for
the Assessment of Negative Symptoms (SANS; Andreasen, 1989). All SZ participants were
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currently taking antipsychotic medication. Twenty-three demographically matched controls
(CO) without any history of DSM-V disorders were recruited by advertisement from the
same community. Exclusion criteria for both groups were: history of head injury or seizures,
substance use or abuse, neurological diseases (e.g., stroke, tumors), or estimated 1Q below
85. Intelligence was estimated using the North American Adult Reading Test, Revised (Blair
and Spreen, 1989). Handedness was assessed using the Edinburgh Handedness Inventory
(Oldfield, 1971). All participants had normal or corrected-to-normal vision. Groups were
matched on age, sex, and handedness. Participants provided written informed consent after
full explanation of study procedures, and were paid for their participation. Demographic and
clinical information are summarized in Table 1.

2.2. Emotion recognition and rating application (ERRATA)

ERRATA, a novel dynamic avatar facial emotion recognition task was used in this study.
ERRATA was designed to display faces of a diverse set of avatars with varying emotional
expression and emotional intensity. A total of 12 avatars differing in age (child, adult,
elderly), gender (male, female), and race/ethnicity (Asian, African, Caucasian, Hispanic,
Indian) were created, using characters from Mixamo (www.mixamo.com) and animated in
Maya (www.autodesk.com) following the procedure detailed by Bekele et al. (2014) and
Wade et al. (2018). Each avatar was designed to display seven different emotional
expressions (joy, surprise, sadness, fear, disgust, contempt and anger) at three levels of
intensity (low, medium, and extreme). This resulted in 252 unique combinations of avatar,
emotion, and intensity (12 x 7 x 3). These 252 combinations were randomly distributed
across three blocks that contained the same number of combinations of avatars, emotions,
and intensities. Each block contained 84 unique, but equivalent trials. Participants were
randomly assigned to one of these blocks. As such, each participant completed 84 ERRATA
trials (i.e., 4 trials per emotion at a given intensity.) See Fig. 1 for examples of avatars from
ERRATA.

2.3. Physiological monitoring

The BIOPAC MP150 (BIOPAC Systems Inc., Goleta, CA, USA) physiological monitoring
system was used to record two electromyograms (EMG) sampled at 1000 Hz. Facial EMG
(FEMG) electrodes (Ag/AgCl electrodes, 10 mm diameter contact area) were attached over
the corrugator supercilii and the zygomaticus major region on the left side of the face. The
sensors measuring corrugator activity were placed above the participants’ left eyebrow, with
one of the sensors aligned with the pupil looking straight and the other directly above the
tear duct. The sensors measuring zygomatic activity were placed a third of the distance from
the left side corner of the mouth and the lower crease where the ear attaches to the head.
Before attaching electrodes, the skin was cleaned with alcohol and rubbed with a cotton ball
to reduce impedance. The fEMG signals were transmitted to the amplifier wirelessly.

To collect event markers used for data segmentation in the offline analyses, a socket module
was developed to transmit task-related (e.qg., trial start/stop) event markers from the
ERRATA task to the fEMG data recording program. Eighty-four fEMG data samples were
segmented from each participant, solely including facial muscle activity while the
participant was looking at the avatar. The fEMG data recorded by BIOPAC were raw signals,
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thus requiring signal preprocessing. First, a local optimized median filter was used to
remove outliers. Then, the data were processed by a bandpass and a notch filter to remove
noise. A set of features were subsequently extracted from the preprocessed fEMG data
samples. Frequency features, which refer to the intensity of muscle activities, containing
median, mean, and standard deviation of the fEMG frequency domain data, were generated.
Burst features, which provide the counts of muscle activities per unit of time, were also
computed. To account for individual differences in baseline muscle tone, a set of baseline
fEMG features was collected and subtracted from the task features.

2.4. Procedure

Participants received detailed information regarding the experimental procedure and signed a
consent form. The wireless sensors were placed on the participants’ face and checked for
signal strength. Participants were then comfortably seated approximately 60 cm in front of
an LCD monitor. They began the experiment by quietly sitting for 3 min to allow for
collection of baseline fEMG data. After collection of the baseline data, participants
performed the ERRATA task. Facial EMG was recorded during the avatar display. During
the ERRATA task, the participant saw the neutral expression of an avatar for 2.5 s
immediately followed by a transition to an emotional expression for 2 s. Then, a menu
appeared on the screen prompting the participant to select the emotion expressed by the
avatar from a list of seven emotion words. Response latency was recorded for each trial.
After selecting an emation from the menu, the participant rated the confidence of their
response on a 10-point continuous sliding scale (i.e., 0 = Very Unsure to 10 = Very
Confident). Each participant completed 84 ERRATA trials. A video recording of a
participant completing the ERRATA task is available in Supplement 1. This video shows an
overt example of spontaneous facial mimicry of the avatar’s expressed emation.

2.5. Data analysis

2.5.1. ERRATA—A logistic regression analysis was used to model the odds of correct
recognition and how these changed across emotion, intensity, and group (SZ or CO). The
results are expressed in odds ratio. Differences in performance by group, as well as the
potential interactions of group, emotion, and intensity were further examined. Error patterns
for each group were analyzed by generating confusion matrices by emotion, for each group.
Chi-square analyses were performed on these error rates to determine whether the pattern of
error for each emotion differed between SZ and CO. Logistic regression was also used to
model the odds of correct emotion recognition in terms of response latency and confidence
rating. The association between performance and clinical and psychological measures (i.e.,
symptom ratings, and medication dosage) was evaluated by computing Pearson correlation
coefficients. To account for multiplicity, a Holm correction was applied.

2.5.2. Electromyography—To investigate the relationship between fEMG data,
participants’ responses, and the emotion expressed by the avatars, machine learning (ML)
techniques were implemented. Specifically, fEMG features were used to predict the avatar’s
expressed emotions, as well as participants’ responses. ML was used in order to investigate
potential high order nonlinear relationships often overlooked by classical statistical analysis
(e.g., +test, ANOVA). Importantly, the comparison between the performance of the ML
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algorithms in the SZ versus CO group, rather than the prediction accuracies achieved, was of
interest in this study.

Since fEMG data are particularly good at differentiating the valence of different emotional
states (Cacioppo et al., 1986), we used the Affective Norms for English Words (ANEW;
Bradley and Lang, 1999) to group emotions with similar valence. As a result, we grouped
anger, disgust, and fear into one group, denoted as ADF. Surprise was removed because of
its ambiguous valence. Hence, the labels used in the ML model development were contempt,
joy, sadness, and ADF.

Two sets of ML experiments were run using the fEMG data of SZ and CO. In the first set,
fEMG features were used to predict the actual emotions expressed by the avatars. In the
second set of experiments, fEMG features were used to predict participants’ selected
emotion based on their spontaneous facial mimicry. To avoid bias in the training and testing
samples, also known as overfitting, all experiments were performed using a fivefold cross-
validation approach. In this approach, the data samples were divided into five disjointed
testing sets. Each time, one of the sets was used to test the model while the remaining four
were used to train the model. Seven most commonly used ML algorithms were tested for
each set of experiments. Multiple algorithms were used to ensure that potential differences
in prediction results between groups resulted from the data rather than the algorithms, and to
capture potential nonlinear relationships. The performance of all 7 algorithms was then
compared between the two groups for each set of experiment. A Holm correction was
applied.

3. Results

3.1. ERRATA performance

As expected, SZ were less accurate than CO at recognizing avatar’s facial expression on
ERRATA across emotions (SZ: 51.3% correct, CO: 58.9% correct; OR = 0.69, p< 0.001).
Thus, the odds of SZ correctly identifying an emotion were 31% lower than those of CO.
When examined per emaotion, recognition rates were significantly lower in SZ compared to
CO for fear (OR = 0.43, p<0.001) and surprise (OR = 0.45, p=0.011), but not for anger,
contempt, joy or sadness (all p> 0.05). After correcting for multiplicity, the observed group
difference in recognition of disgust was trending (OR = 0.67, p=0.12). Fig. 2 summarizes
these results.

As expected, participants performed better on trials with higher emotion intensity displayed.
Compared to trials with extreme intensity (62.4% correct), participants performed
significantly worse on trials with low intensity (42.6% correct) (OR = 0.46, p < 0.001) but
not on trials with mid intensity (61.2% correct) (OR = 0.31, p=0.31). SZ performed
significantly worse than CO at the low (SZ: 38.4% correct, CO: 46.4% correct; OR = 0.72, p
= 0.037) and extreme levels of intensity (SZ: 58.3% correct, CO: 66.1% correct; OR = 0.72,
p=0.037). The group difference was trending at the mid-level of intensity (SZ: 57.7%
correct, CO: 64.4% correct; OR = 0.75, p=0.10.) (see Fig. 3).
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Response latency (OR =0.95, p< 0.001) and confidence rating (OR = 1.21, p< 0.001)
significantly predicted odds of correct recognition across all participants. Thus, faster
response and higher confidence ratings predicted higher odds of correct response. There was
no group difference. Indeed, lower response latency predicted better performance in both SZ
(OR =0.95, p<0.001) and CO (OR = 0.95, p< 0.001). Similarly, higher confidence rating
predicted better performance in both SZ (OR = 1.17, p< 0.001) and CO (OR =1.21, p<
0.001).

Examining the pattern of error rates, we found that SZ and CO differed in the distribution of
errors for disgust (y? = 13.7, df = 6, p= 0.033), fear (x2 = 34.8, df = 6, p< 0.001), sadness
(x? =16.17, df = 6, p= 0.013), and surprise (x? = 15.2, df = 6, p= 0.019), but not for the
error distribution of anger, contempt, or joy. For all these emotions, the mistakes made by SZ
were less consistent than those made by CO. For instance, although the misattribution of
surprise for fear accounted for 74.6% of the mistakes made by CO on fear trials, it only
accounted for 58.7% of the mistakes made by SZ on these trials. Fig. 4 illustrates this
example.

The correlations between ERRATA performance and symptom severity was significant for
negative symptoms (= -0.46, p= 0.03) but not for positive symptoms (r=-0.098, p=
0.66) or overall symptoms (r=0.03, p=0.89). Thus, the more severe the negative
symptoms, the poorer the ERRATA performance in the SZ group. Medication dosage did not
significantly correlate with ERRATA performance (r= 0.13, p = 0.56), indicating that the
deficit in emotion recognition in SZ is independent of antipsychotic medication dosage.

3.2. Electromyography

The accuracies of different types of ML algorithms for each set of experiments are presented
in Table 2. Higher predictive accuracies of ML models indicate that independent variables
(FEMG features) have a stronger relationship with dependent variables (emotions displayed/
selected). When fEMG data were used to predict the actual emotions displayed by the
avatars, the ML models for CO and SZ achieved similar performance accuracies (p = 0.443).
In other words, fEMG data from SZ and CO were found to have the same predictive power
when the actual emotion is used as the label. This result indirectly suggests that the facial
muscle activity automatically produced by participants when looking at the avatar’s
expressed emotion (i.e., facial mimicry) does not differ between SZ and CO. Indeed, using
ML, fEMG data from SZ and CO can be used to predict the avatar’s displayed emotion with
similar accuracy. However, when we used fEMG data to predict the participants’ selected
emotions, the models for CO statistically outperformed the SZ models (p < 0.05). This result
indicates that participants’ fEMG data recorded during ERRATA can better predict the
emotion selected by CO than that selected by SZ. We note that although the predictive value
of these models was not the focus of our analysis, all models predicted the corresponding
labels far better than chance (25%). Rather, the purpose of these models was to investigate
the relationship between fEMG data and displayed/selected emotions, and how this
relationship differed between groups.
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4. Discussion

SZ’s impaired performance on ERRATA is in line with a large body of literature
documenting emotion identification deficits in this population (for a review see Kohler et al.,
2010). Importantly, our results also replicate those of previous studies using dynamic
emotional facial stimuli (Archer et al., 1994; Johnston et al., 2010). We found that SZ’s
performance was affected at all levels of emotional intensity. Although performance was not
affected for all emotions, no discernable pattern of recognition rate for different emotions
was identified. Similarly, no discernable pattern of error was identified, although the
distribution of errors made by SZ and CO differed for some emotions and not others.
However, we found that the errors made by SZ were less consistent than those made by CO.
Although CO largely confused fear for surprise, which is a common mistake (Roy-Charland
etal., 2014), SZ made more uncommon, “true” errors. Our results further show that emotion
recognition deficits in SZ are linked to the severity of negative, but not positive, symptoms
and that these deficits are not attributable to antipsychotic medication use. In sum, these
findings corroborate the well-documented and characteristic emotion recognition
impairments in schizophrenia.

A new major finding of this study is that while spontaneous facial mimicry is intact, emotion
recognition is impaired in SZ. The present study demonstrates that fEMG data from SZ and
CO have the same predictive power when the avatar’s actual expressed emotions are used as
labels. This result suggests that when looking at the avatars’ facial expressions, SZ exhibit
micro-expressions similar to those of CO. Contrary to our expectations, this finding provides
evidence for intact spontaneous facial mimicry in SZ. However, when using fEMG features
to predict the participant’s selected emotions, predictive accuracies were higher for CO
compared to SZ. Together, these results suggest that ML algorithms can use SZ’s fEMG data
to accurately predict the emotion displayed by the avatar, but not the emotion the participant
identified. This might indicate that SZ have difficulty transforming unconsciously perceived
emotions (facial mimicry), into conscious thoughts and explicit words (selected emotion).

Facial mimicry, a bottom-up automatic process, has been shown to facilitate and accelerate
affect recognition in control individuals (Stel and Can Knippenberg, 2008). Additionally,
empathy is thought to originate from the shared representations of people’s emotional states
(Singer and Lamm, 2009). Our results suggest that the foundational, automatic level of these
shared representations—spontaneous facial mimicry—is intact in SZ. However, SZ still have
difficulty accurately translating these shared representations into words. Tschacher et al.
(2017) make the case for a false interference model of embodiment in schizophrenia
symptoms, arguing that symptoms arise from false beliefs and interpretations of sensory
signals. In light of the false interference model, our findings suggest that emotion
recognition deficits in schizophrenia might result from a false interpretation of one’s own
facial muscle activity. Crook et al. (2012) further showed that top-down modulation of social
perception, which is disrupted in schizophrenia, is critical to social functioning. Thus,
emotion recognition impairments might stem from a high-order, top-down deficit.

Although our study focused on the automatic imitation of facial expressions, a review of the
literature reveals impairments in conscious imitation in schizophrenia. Evidence suggests
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that individuals with schizophrenia display deficits in the conscious imitation of manual and
facial movements (Matthews et al., 2012; Park et al., 2008). Thakkar et al. (2014) also found
that the mirror neuron system underlying conscious imitation was affected in schizophrenia.
More research is needed to determine whether this high-order deficit also underlies SZ’s
inability translating adequate facial mimicry into conscious emotion recognition. Although
the present study can rule out the hypothesis that emotion recognition deficits in
schizophrenia stem from impaired spontaneous facial mimicry, it cannot elucidate the
neurobiological origin of emotion recognition deficits in schizophrenia.

To understand the clinical implications of our results, we turn to the embodied cognition
theory (Barsalou et al., 2003). The embodied cognition theory posits that social stimuli
produce facial and bodily changes both directly and indirectly, through mimicry. These
embodied responses, in turn, become stimuli that can induce affective changes propagating
to other cognitive processes. In other words, embodiment (e.g., facial expressions) is both a
response and a stimulus that mediates many aspects of cognition and social functioning.
Processing has been found to be affected when the feedback received from the body and face
do not match that of cognitive processes, suggesting that higher cognition relies on
embodied states. According to Barsalou et al. (2003), embodiment-cognition compatibility is
essential to social functioning. Our main finding empirically highlights the mismatch
between bodily signals and cognition in schizophrenia. Our results therefore contribute to
the understanding of the nature of social deficits in SZ, and bear important clinical
implications. Clinicians might be able to improve the social functioning of patients by
teaching them to pair specific patterns of facial muscle activation with distinct emotion
words.

Some limitations should be noted. First, our relatively small sample size did not allow us to
separate men from women. The contribution of facial mimicry to emotion recognition has
been previously found to differ by gender (Stel and van Knippenberg, 2008). However, our
SZ and CO groups were matched on biological sex, suggesting that potential sex effects
would have been similar in both groups. Our sample size also did not allow us to investigate
the link between spontaneous facial mimicry and emotion recognition ability at the
individual level. Instead, our study used group-level analyses to draw preliminary
conclusions. Furthermore, all our SZ participants were medicated, which limited our ability
to test the potential effects of antipsychotic drugs on emotion recognition ability. However,
our analyses revealed no link between medication dosage and ERRATA performance,
suggesting that emotion recognition deficits in SZ are not due to antipsychotic medication.
Finally, there might be different subtypes of individuals with schizophrenia based on their
symptom profile. Indeed, our sample reflected a great variety of positive and negative
symptom profiles to increase findings generalizability. However, the variability of our SZ
group on both ERRATA performance and facial mimicry suggests that there might be
different subtypes of patients our design did not account for.

In sum, we found that although facial mimicry, an automatic process facilitating emotion
recognition, is intact in SZ, their ability to identify other’s emotions is impaired. SZ’s
adequate ability to spontaneously imitate facial expressions has important clinical

Psychiatry Res. Author manuscript; available in PMC 2021 April 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Torregrossa et al. Page 10

implications. The present findings suggest that a higher-order, conscious processes might
underlie emotion recognition deficits in SZ, this hypothesis needs to be empirically tested.

Supplementary Material
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Fig. 1.
Examples of avatar facial expressions presented during ERRATA.
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Fig. 2.
ERRATA performance per emotion for SZ and CO.
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ERRATA performance per intensity level in SZ and CO.
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Fig. 4.
Errors made by SZ (left) and CO (right) in the recognition of fear.
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