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The natural process of mimicking the facial expressions of othersis well established,
as are the deficits in this reflexive behavior for individuals with clinical disorders
such as depression. This study examines the extent of this deficit in non-clinical
individuals with high transient negative mood, and whether it extends to both
automatic and effortful emotion expression behavior. One hundred and thirty-six
participants were shown happy, sad, and neutral faces, while electromyography
(EMG) recorded facial muscle responses. Automatic (reflexive) mimicry was
assessed while participants simply viewed facially expressive photographs, while
effortful mimicry was monitored when individuals were told to intentionally copy
the expressions in the photographs. Results indicated that high levels of negative
mood were primarily associated with deficits in effortful mimicry of happy
expressions, although some similar evidence was found in automatic mimicry
of happy faces. Surprisingly, there were also ties between negative moods and
inaccuracies in effortful mimicry of sad expressions (but not automatic mimicry).
Inaccurate automatic and effortful mimicry were also tied with lower self-reported
social support and greater loneliness. These results indicate that even in healthy
individuals, transient and minor changes in negative mood are tied to deficiencies
in facial mimicry at both the automatic and effortful level.

facial expression, mimicry, negative mood, negative emotion, negative affect,
electromyography, loneliness, muscle activation

Introduction

Facial expression plays a crucial role in human communication and social interaction. The
ability to automatically (unconsciously) mimic or imitate the facial expressions of others is a
fundamental aspect of social behavior and is linked to various outcomes such as liking, dyadic
rapport, emotional contagion, and the perception and interpretation of emotions (Vaughan and
Lanzetta, 1981; Brothers, 1990; Hatfield et al., 1992; Cappella, 1993; Lundqvist and Dimberg,
1995). Unfortunately, this critical mimicking reflex is impaired in individuals with clinical
disorders such as depression (Sloan et al., 2002; Zwick and Wolkenstein, 2017), alexithymia
(Schiano Lomoriello et al., 2021), and other disorders (MclIntosh et al., 2006; Varcin et al., 2010;
Peter-Ruf et al., 2017; Passardi et al.,, 2019; Ziebell et al.,, 2021). There is even evidence that
non-clinical samples with negative moods (Ingram and Hamilton, 1999) also have disrupted
automatic mimicry (Sloan et al., 2002; Lautzenhiser, 2003), pointing to the possibility that even
mild negative mood (NM) can disrupt mimicry behavior.
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While less studied in this manner, research has also highlighted
the importance of effortful (conscious) mimicry in social connection
and well-being. For example, Tuck et al. (2016a) found that this type
of intentional mimicry in social interactions has positive effects on
outcomes such as liking, trust, cooperation, and attraction.
Additionally, effortful mimicry has been found to improve the ability
to understand the emotions of others (Lewis and Dunn, 2017). These
findings point to the need for future research on the connections
between NM and both types of mimicry, particularly in non-clinical
samples. Understanding the connections may provide insight into the
social deficits associated with NM and inform the development of
interventions such as facial expression training programs (Segrin,
2000) that target these deficits for the general population.

As will be discussed below, effortful and automatic mimicry are
separate phenomena that are thought to involve different neural and
cognitive mechanisms (Chartrand and Bargh, 1999; van Baaren et al.,
2004). Effortful mimicry refers to the conscious and deliberate
imitation of the actions or expressions of others, whereas automatic
mimicry refers to unconscious and spontaneous imitation. Research
has shown that while both types of mimicry can lead to positive social
outcomes (Chartrand and Bargh, 1999; van Baaren et al., 2004),
automatic mimicry may be more closely related to the spontaneous
and unconscious processes that underlie social cognition, while
voluntary mimicry may be more closely related to the conscious and
controlled processes that underlie social behavior. Therefore,
examining both types of mimicry in one study allows for a more
comprehensive understanding of the underlying mechanisms and
provides a way to test the relative importance of these different forms
of mimicry in the context of NM, and how they interact with
each other.

Types of mimicry

Automatic (also called unconscious or reflexive) mimicry occurs
subconsciously and rapidly, typically within 1,000 ms after viewing a
facial expression, whereas effortful mimicry (also called intentional or
voluntary) involves a slower, conscious effort to replicate another’s
facial expression (Bargh and Williams, 2006). While these two types
of mimicry are both forms of imitation, they differ fundamentally
from both a theoretical and functional perspective and should
be regarded as separate phenomena. Automatic mimicry happens
without awareness and is considered an innate aspect of human nature
that plays a key role in social interactions (Schneider et al., 2013;
Prochazkova and Kret, 2017). In fact, automatic mimicry of others’
facial expressions can be seen as early as a few days after birth, with
infants mimicking happy and sad faces of their caregivers (Field et al.,
1982). Theories of automatic facial mimicry propose that this behavior
serves an adaptive function, allowing individuals to understand and
respond to the emotions of others, as well as to convey their own
emotions more effectively. For example, the “emotional contagion”
theory suggests that automatic mimicry allows individuals to “catch”
the emotions of others, leading to a shared emotional experience
(Hatfield et al., 1992). The “social tuning” theory, on the other hand,
proposes that automatic mimicry serves as a way to build rapport and
establish social connections with others (Chartrand and Bargh, 1999).
Recent findings have further highlighted the importance of automatic
mimicry in social interactions. For example, Prochazkova and Kret
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(2017) found that individuals who displayed higher levels of automatic
mimicry also reported higher levels of empathy and affiliation with
others. Further, Stel and Vonk (2010) found that individuals who
displayed higher levels of automatic mimicry also reported more
positive social interactions such as greater trust, cooperation, and
liking from others.

Effortful facial mimicry, or the deliberate act of copying another
person’s facial expression (e.g., being explicitly told to mimic a
photograph), is primarily distinguished from automatic mimicry as a
conscious (versus unconscious) process. Laboratory studies have
found evidence that this type of mimicry can be influenced by
cognitive, social, and emotional factors (e.g., see review by Hatfield
et al, 2014), and that this ability, like automatic mimicry, can
be influenced by certain types of disorders (e.g., Parkinson’s disease;
Kang et al., 2019). Moreover, Arnold and Winkielman (2021) also
found that loneliness is associated with impaired spontaneous smile
mimicry, highlighting the importance of investigating intentional
mimicry as a social behavior in addition to unconscious mimicry
processes. These studies, as well as others connecting the ability to
mimic and express specific emotions on command to future mental
and physical health (Tuck et al., 2016b, 2017), demonstrate the
importance of understanding the mechanisms underlying intentional
facial mimicry. While clearly both automatic and effortful mimicry
have social value, effortful mimicry likely requires a certain amount
of attentional availability and is thought to be used more strategically
than unconscious mimicry (e.g., to persuade or deceive). Effortful
mimicry could still serve social connection building purposes
(Chartrand and Bargh, 1999), however, especially as it may allow
individuals to better recognize the emotions in others (Niedenthal,
2007; Sato et al., 2013).

It is also important to make the distinction between emotional
mimicry and behavioral mimicry. Emotional mimicry involves
imitating the emotional expression of another and serves as a social
signal that holds information about on€’s appraisal of an event (Fischer
and Hess, 2017). Furthermore, this form of mimicry often signals
intentions and is considered a social regulator (Duffy and Chartrand,
2015; Hess and Fischer, 2022). For instance, emotional mimicry of
happiness might hold an affiliative meaning, while mimicking anger
or disgust might hold a more antagonistic meaning. On the other
hand, behavioral mimicry involves the imitation of mannerisms,
postures, gestures, and motor movements of another (Duffy and
Chartrand, 2015). While this type of mimicry also serves social
functions, it involves mimicking movement rather than emotional
expressions. Thus, because this paper is focused on mimicry of facial
expressions, we focus solely on emotional mimicry.

Theories and research on the role of facial
expression mimicry

Facial expressions are considered an important objective signal of
underlying emotions. They have been recognized as instinctive and
past research has demonstrated that there are universal facial
expressions of various emotions such as happiness, sadness, anger,
disgust, fear, contempt, and surprise (Darwin, 1965; Ekman, 1992).
Modern research confirms that human facial expressions do serve as
indicators of emotional experience, conveying emotion and eliciting
emotions in others (Ruys and Stapel, 2008).
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When considering the whys and effects of mimicry, there are
many competing and complementary theories. For example, the
“facial feedback hypothesis (FFH)” proposed by Tourangeau and
Ellsworth (1979) suggests that physical change in the body (including
facial musculature) could impact emotional experience, with facial
muscle movements being an important part of constructing the
emotional experience. Although the FFH has been the center of
debate due to failed replications (Wagenmalkers et al., 2016; Soderkvist
et al., 2018), a recent large-scale meta-analysis and a multi-site
international pre-registered study of the facial feedback phenomenon
show that there is a replicable FFH effect, albeit a small one (Coles
etal, 2019, 2022). Also relevant when considering the role of mimicry,
and in particular how it may influence recognition, are the generate-
and-test model and the reverse simulation model (Goldman and
Sripada, 2005). The generate-and-test model highlights the existence
of two processes: one with and one without mimicry. In the case of
mimicry, the observer imitates the facial expressions of others in order
to understand their emotions. If the copied expression matches the
observed emotion, then the emotion will be classified accordingly.
This theory suggests that mimicry plays a crucial role in understanding
others’ emotions.

Connected to the generate-and-test model, research shows that
mimicry of emotional expressions can improve facial affect
sensitivity, or the ability to accurately interpret and respond to the
emotions of others. For example, Schneider et al. (2013) found that
individuals instructed to suppress their facial expressions showed
impairment in facial affect sensitivity. In contrast, when participants
were asked to produce a facial expression congruent with the
observed one, greater accuracy was achieved. This suggests that
mimicry of emotional expressions plays an important role in
facilitating the ability to understand and respond to the emotions
of others. Other studies have also supported these findings, such as
a study by Strack et al. (1988) that found that participants who were
able to mimic the expression of others were better able to identify
the emotion being expressed. A more recent study investigating
event-related potential markers of visual working memory within
the context of facial mimicry determined that the quality of visual
perception in memory is higher when individuals use facial
mimicry (Sessa et al, 2018). In addition, the cortical circuits
involved in the processing of emotional expressions may be different
if individuals cannot use facial mimicry mechanisms, such as those
who have congenital facial palsy (Sessa et al., 2022). Taken together,
these findings highlight the importance of mimicry in social
interactions and emotional understanding.

Interestingly, there is debate surrounding the specific roles and
mechanisms of mimicry. While some theories propose that mimicry
plays a large role in emotion recognition and contagion
(Prochazkova and Kret, 2017; Winkielman et al., 2018), other
theories focus on how mimicry fosters affiliation and builds rapport
(Hess and Fischer, 2022) or plays a crucial role in visual emotion
discrimination and perceptual processing of expressions (Wood
etal, 2016). The role that mimicry plays in emotion recognition is
unclear and findings are mixed. Studies with designs that block
mimicry discover mediation, while studies without manipulations
blocking mimicry find no relationship (Hess, 2021; Hess and
Fischer, 2022). There are also mixed results from studies attempting
to test the theory of mimicry mediating emotion contagion, where
some find no relationship (Hess and Blairy, 2001; Lishner et al.,
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2008) and some find partial indirect effects (Lischetzke et al., 2020;
Olszanowski et al., 2020), meaning other mechanisms besides
mimicry may be responsible for emotion contagion during social
interactions. Thus, while mimicry is undoubtedly influenced by
social context (Prochazkova and Kret, 2017; Winkielman et al.,
2018; Hess and Fischer, 2022), there is much debate surrounding
the specific roles and mechanisms of mimicry.

Measuring facial expressions via muscle
activity in the face

Facial expression is typically coded by examining differences in
muscular activity in the face. Positive facial expressions include
Duchenne smiles (Ekman and Friesen, 1982; Duchenne, 1990), which
have been shown to be genuine signals of positive mood (Sheldon
etal, 2021) and are typically recognized by activity in the zygomaticus
major (Zygo) muscles in the cheeks, as well as the orbicularis oculi
(Orbic) muscles around the eyes (see Figure 1). Sad facial expressions
include frowning, which involve activation in the corrugator supercilii
(Corr) muscles above the eyebrows (see Figure 2; Ekman and
Friesen, 1978).

While there are many possible ways to code facial expressions,
electromyography (EMGQG) is frequently utilized to detect difficult
to observe fine and subtle muscle movements associated with
facial expressions occurring in real time (see Tassinary and
Cacioppo, 2000). EMG data are collected by placing surface
electrodes on the skin above various muscle regions with wires
attached to an amplifier in order to detect electrical activity
moving across a particular muscle region. EMG has been shown
to be a valid and reliable indicator of muscle activity associated
with positive and negative facial expressions and of emotional
experience in general (Winkielman and Cacioppo, 2001; Cacioppo
etal., 2008). Furthermore, EMG has been widely used to identify
minor (unobservable) muscle movement associated with
automatic mimicry of others’ positive and negative facial
expressions (Dimberg, 1982, 1990; Lanzetta and Englis, 1989).

orbicularis oculi
activation (wrinkles
around the eyes)

zygomaticus major
activation (cheeks
raised)

lips pulled back
into a smile

FIGURE 1
Muscles activated in Duchenne smiles.
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corrugator supercilii
activation (eyebrows
pulled up and together)

lip corners pulled
downward

FIGURE 2
Muscles activated in frowns.

How depression and negative mood
interact with mimicry and social
functioning

As discussed above, mimicry of facial expressions plays a crucial
role in effective social communication and feelings of social
connectedness (Chartrand and Bargh, 1999; Arnold and Winkielman,
2021). However, individuals experiencing NM, such as depressed and
dysphoric populations, have been found to have impaired mimicry
reflexes (Sloan et al., 2002; Zwick and Wolkenstein, 2017). This can
be explained by both cognitive and interpersonal theories, which
suggest that negative patterns of thinking and difficulty with social
functioning, common in depressed and dysphoric individuals,
contribute to the impairment of processing and mimicking facial
expressions (Lewinsohn, 1974; Cozolino, 2002; Bistricky et al., 2011).

Studies have found that dysphoric children and adults have
difficulty processing and mimicking positive facial expressions, as
compared to non-dysphoric individuals (Wexler et al., 1993; Sloan
et al., 2002; Lautzenhiser, 2003). Research on cognitive processing
of clear and ambiguous facial expressions has revealed differences
in the way individuals process negative and positive faces, with
negative faces being processed quickly and automatically, while
positive faces are processed less quickly and with more effort
(White, 1995). Individuals experiencing depression and dysphoria
have been found to have a deficiency in processing positive
expressions, which are processed effortfully, but not negative
expressions, which are processed automatically (Hartlage et al.,
1993; Yoon et al., 2016).

EMG studies have also found that depressed individuals
exhibit less smiling in response to positive stimuli and more
frowning in response to neutral stimuli (Lautzenhiser, 2003).
(2002) found that while dysphoric
individuals did not differ in automatic mimicry of sad faces, they

Similarly, Sloan et al.

did differ in automatic mimicry of happy faces, with non-dysphoric
individuals showing expected cheek muscle activity while
dysphoric individuals did not. Additionally, research by Wexler
et al. (1993) found that while dysphoric individuals performed
equally well on tasks of facial expression recognition, they did not
show expected changes in facial muscle activity in response to sad
or positive expressions. Furthermore, a study by Moody et al.
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(2007) suggests that rapid facial muscle mimicry can change based
on an individual’s mood state, with participants showing less
automatic mimicry in response to scary images. Overall, these
findings highlight the impact of NM states (albeit typically studied
in depressed/dysphoric individuals) on the ability to mimic and
process facial expressions, and its potential impact on
social functioning.

Purpose of current study

This is an exploratory study examining whether NM in a healthy
sample is associated with poor automatic and effortful mimicry of
others’ facial expressions. Because past studies have not focused on
both automatic and effortful mimicry with transient mood previously,
we took a wide lens and explored many negative affect measurement
types as they connected to three different facial expression types
(happy, sad, and neutral) as well as three different facial muscles
(orbicularis oculi, zygomaticus major, and corrugator supercilii). Based
on past clinical depression research, we hypothesized that NM (broadly
defined) would be particularly associated with decreased ability to both
automatically and effortfully mimic positive facial expressions but did
not expect strong associations with the ability to mimic neutral or
negative facial expressions. We had no specific hypotheses on which
types of NM would be most tied to mimicking outcomes. Next, given
the observed ties between socially disconnected clinical samples and
mimicry ability (e.g., in autistic samples; Yoshimura et al., 2015; Forbes
etal, 2016), as well as indications in healthy samples of connections
between facial expression skill and social connections (Seibt et al.,
2015; Arnold and Winkielman, 2021), we hypothesized that greater
accurate facial muscle activation change (from rest) during both
automatic and effortful mimicry would be associated with higher self-
reported social support and lower loneliness.

Methods
Participants

One hundred thirty-six college students were recruited
through the online recruitment system of a large Midwestern
university (see Table | for sample characteristics). The University
of Kansas Institutional Review Board approved this study.
Participants signed an informed consent prior to participation in
a study called “Understanding Facial Expression.” They were made
aware that they would be assessed by facial physiological
monitoring, observing photos, and answering a series of self-
report questions.

Inclusion criteria

Only fluent English speakers were eligible for participation.
All participants with facial muscular disorders or injury were
excluded to ensure that all participants were physically capable of
mimicking facial expressions. All individuals reporting a
psychological disorder were carefully examined to ensure that
their responses did not inappropriately skew scores on dependent
variables of interest.
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TABLE 1 Sample characteristics.

Variable n % Range M
(SD)

Sex Female 89 65.4

Male 45 33.1

No data 2 1.5
Race

Caucasian 104 76.5

African 8 5.9

American

Native 2 1.5

American

Asian/Pacific 8 5.9

Islander

Hispanic/ 7 5.1

Latino

Other 4 2.9

No data 3 22
Age 18-30 19 (1.63)
Current psychological disorder

None 127 93.4

ADHD 1 0.7

Anxiety 3 2.2

Depression 2 15

Bipolar 1 0.7

Other 2 1.5
Beck Depression Inventory 0-46 7.7 (8.0)
scores
Pre-study baseline negative 0.1-2.9 1.2(0.7)
emotion

Measures

Demographic covariates

Basic demographic data, including age, sex, and race, were
collected by self report prior to participation in the EMG component
of the study.

Negative mood

NM was measured through the use of three scales/subscales. Two
of these subscales were from a brief 24-item version of the Profile of
Mood States (POMS) based on a factor analysis of original POMS
items (McNair et al., 1971; Usala and Hertzog, 1989; Jenkins et al.,
2021). The scale ranged from 0 to 4 for each item, with 0 indicating
that the item was not at all accurate in describing how the participant
felt, and 4 indicating that the item was extremely accurate in describing
how the participant felt. Participants were asked about both emotion
(i.e., what feelings were present “right now”) and mood (i.e., what
feelings were present “during the past week”). There were five
categories of subscales: Fatigue (including sluggish, tired, and sleepy),
Depression (including unhappy, depressed, and sad), Fear (including
fearful, frightened, and afraid), Anxiety (including on edge, nervous,
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and tense), and Hostility (including hostile, angry, and resentful). Due
to the large literature on depression and mimicry discussed above, the
current analyses focused only on Depression subscale scores
(depressed emotion [DE] and depressed mood [DM]), in addition to
the general negative emotion (NE) and general NM score (aggregate
of all five subscales). Reliability (o ranging between 0.66-0.95) and
validity of various short forms of the POMS have been established
(McNair et al., 1971; Grove and Prapavessis, 1992).

The other scale through which NM was measured was the Beck
Depression Inventory — Second Edition (BDI-II; Beck et al., 1996),
which assesses dysphoric mood and symptoms of depression outlined
in the Diagnostic and Statistical Manual of Mental Disorders Fourth
Edition (DSM-IV-TR; 1994). Each item on the BDI-II assesses the
existence and severity of a different symptom on a scale from 0 to 3,
with 3 being the most severe. Scores range from 0 to 63, with scores
between 13 and 19 indicative of dysphoric mood, and scores between
20 and 63 indicative of likely depression (Dozois et al., 1998).
Reliability (@=0.91) and validity of the BDI-II have been established
(Dozois et al., 1998).

Social support

The Interpersonal Support Evaluation List-12 (ISEL-12; Cohen
et al, 1985) is a 12-item self-report scale measuring perceived
availability of social support. Individuals are asked to respond on a
scale from 0 (Definitely False) to 3 (Definitely True) whether
statements describing availability of varying types of social support
(i.e., appraisal, belonging, self-esteem, and tangible) are true for their
life experience. Sample items include, “If I were sick, I could easily find
someone to help me with my daily chores” and “When I need
suggestions on how to deal with a personal problem, I know someone
I can turn to”” Reliability (a=0.77) and validity of the ISEL-12 have
been established (Cohen and Hoberman, 1983).

Loneliness

The UCLA Loneliness Scale-8 (Hays and DiMatteo, 1987) is an
8-item self-report questionnaire measuring feelings of loneliness or
social isolation. Individuals indicate the degree to which they have
experienced a series of statements on a scale from 1 (Never felt this
way) to 4 (Always felt this way). Example items include “I lack
companionship” and “There is no one I can turn to” Internal reliability
(x=0.84) and validity have been well established (Hays and
DiMatteo, 1987).

Experimental stimuli

Images of happy, sad, and neutral facial expressions were selected
from the Karolinska Directed Emotional Faces (KDEF) system, a
validated system of images containing 35 adult Caucasian females and
35 adult Caucasian males with various facial expressions (Lundqvist
et al,, 1998). Caucasian faces were chosen for this study because few
standardized image sets with racially diverse images were available,
and among those that were available, picture quality was substantially
lower. Furthermore, most participants were Caucasian. Thus, the
current study utilized five different male and five different female
images portraying each facial expression from the KDEF image set.
All individuals appearing in the images wore a gray t-shirt and were
free of makeup. All images were selected from the 20 most validated
KDEF images from each emotional expression category of interest and
the 20 most validated individuals appeared in pictures across emotion
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categories (Goeleven et al., 2008). Furthermore, images were tested
and selected by a team of 12 trained research assistants who
unanimously agreed that the final set of images displayed the
appropriate intended emotion.

Facial EMG data acquisition, reduction, and
calculations

EMG data followed
psychophysiological standards (Tassinary and Cacioppo, 2000),

collection and  processing
with facial muscle movement measured continuously throughout
the study and reported in volts (V) throughout the manuscript.
Facial EMG signals were obtained from seven 4-mm electrodes
placed on the left side of the face (see Fridlund and Cacioppo, 1986)
using a MindWare BioNex EMG amplifier. One electrode was
placed on the forehead as a ground electrode, and pairs of electrodes
were placed approximately 1.25cm apart on the muscle areas of
interest: Corrugator Supercillii (Corr) muscle in the forehead, the
Zygomaticus Major (Zygo) muscle in the cheek and the Orbicularis
Oculi (Orbic) muscle around the eye. All sites for electrode
placement were cleaned first with an alcohol swab and then with a
gentle exfoliant in order to reduce impedance of electrode sites to
less than 10 ohms. Data acquisition and recording of EMG was
carried out using a MindWare BioLab 3.0 acquisition system. The
signals were filtered with a low pass of 200 Hz and a high pass of
20Hz and were sampled at 1000 Hz, with mean EMG levels
calculated for each of the relevant epochs. Prior to final analyses,
raw EMG data were screened and cleaned for electrical noise and
movement artifacts (e.g., sneezing, coughing, yawning) and outliers
greater than three standard deviations from the participant mean
were removed. No more than 5% of observations were removed
from any participant using these methods.

Data change score calculation procedures (relevant to baseline
activity) are as follows: To assess whether NM was associated with
the ability to automatically and effortfully mimic others’ facial
expressions, change scores were calculated for each individual
image by subtracting the mean facial muscle activation of the 4s
preceding the presentation of an image from the first 4 s the image
was presented, since greatest affect-specific responses occur during
the first 4 s of image presentation (see Wexler et al., 1993). Change
scores for each image presentation were averaged together per block
of facial expressions in order to obtain an average change in facial
muscle activity for both automatic and effortful mimicry following
sad, happy, and neutral faces separately. 4 s was chosen as the unit
of averaging to accurately capture both effortful and automatic
expression responses to the emotion stimuli. While past EMG work
indicates that the start of mimicry can occur faster than 0.5s post
stimuli (Dimberg and Thunberg, 1998; Tarantili et al.,, 2005) and
that healthy samples complete automatic mimicry of smiles in as
little as 2s (Krumhuber et al., 2014), classic research on smiling
shows that natural smiles last for as long as 4 s (Ekman and Friesen,
1982) and that voluntary smiles are slower than what is observed in
reflexive mimicry (Dimberg et al, 2002). Recent EMG work
examining both effortful and automatic mimicry in the same study
assessed out to 3.5s post stimuli (Kang et al., 2019), and past
emotion research has indicated that the greatest emotion specific
responses occur in the first 4 s of image presentation (Wexler et al.,
1993), indicating good convergent rationale for our selected
time average.
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Procedure

Participants completed one 2-h session. Once consent and
eligibility were verified, electrodes were placed as discussed above.
Participants then sat in front of a computer monitor where they were
asked to complete self-report measures. Once those were complete,
participants were asked to sit quietly for a five-minute initial resting
period. Facial muscle activity was assessed throughout the study. After
the initial rest, participants were asked to view a series of images with
individuals expressing a neutral, sad, or happy face. They were first
instructed to simply watch the pictures in order to assess automatic
muscle movement in reaction to the stimuli. Expressions were
presented in 10-image blocks, with all images from the same emotional
expression shown together (i.e., 10 happy, then 10 sad, then 10 neutral
images; see Mclntosh et al., 2006). The order of the images was
randomized by block (i.e., some participants saw 10 happy, 10 sad, then
10 neutral, while others saw 10 neutral, 10 happy, then 10 sad). All
possible combinations of block randomization (happy, sad, neutral;
happy, neutral, sad; neutral, happy, sad; neutral, sad, happy; sad, happy,
neutral; and sad, neutral, happy) were used to ensure randomization of
all image sets across participants. Specifically, during all three 10-image
blocks, each image was presented for 12, and another 12-s intertrial
interval (ITT) appeared between images, with instructions to “watch
the pictures as they appear on the screen” presented on the computer
monitor in front of the participant during the I'TI period. Between each
10-image set, participants were given questions that assessed emotions
experienced, and a brief distractor task, which asked participants to
memorize a 6-item grocery list and answer a brief question about
whether a particular item was on the list. Rest periods lasted 5 min and
facial muscle activity continued to be assessed during this time. This
was completed to ensure that condition effects did not carry over from
one condition block to the next.

After viewing the three 10-image blocks testing for automatic
mimicry, participants were tested on effortful mimicry. They were shown
the same images in the same order and using the same timings as the
previous automatic mimicry blocks. We also used the same between
block rest procedures as above. The major difference was that this time,
they were also asked to purposefully mimic the facial expressions while
these effortful facial muscle changes were measured. Specifically,
participants viewed instructions on the computer monitor to “make an
expression just like the one on the screen,” during the ITI period.
Participants were asked to mimic the expressions for each photo for the
entire block of trials. They were not required to continue to produce the
facial expression between photos of different facial expressions (during
the ITI period). After all 30 images were viewed twice and both automatic
and effortful mimicry were assessed, participants were debriefed. Please
refer to Figure 3 for a depiction of the procedural steps.

Manipulation checks

Manipulation checks were conducted with paired samples t-tests
to determine whether average facial muscle activation at baseline was
significantly different from average facial muscle activation in the 4-s
period following the presentation of each image in each set (see Table 2
for detailed statistical results of these tests). As expected, significant
increases were found in Zygo and Orbic activation from before to after
the presentation of happy images in automatic mimicry, with similar
significant increases in Corr activation from before to after the
presentation of sad images in automatic mimicry. Similarly, in the
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Initial Resting
Period

(5 min)

Effort 1

(10 images; 12s
each; 12s ITI)

Auto 1

(10 images; 12s
each; 12s ITl)

Auto 3

(10 images; 12s
each; 12s ITI)

Auto 2

(10 images; 12s
each; 12s ITI)

FIGURE 3

told to actively mimic images of facial expressions.

Facial mimicry experimental procedure. Blocks labeled “Initial Resting Period” indicate the initial resting period when participants were asked to sit
quietly for 5min. Blocks labeled “Rest” indicate when participants took a 5min rest period in between the tasks. Blocks labeled “Auto” indicate when
participants just watched the screen with no instructions to mimic images of facial expressions. Blocks labeled “Effort” indicate when participants were

Effort 2

(10 images; 12s
each; 12s ITI)

Effort 3

(10 images; 12s
each; 12s ITI)

effortful conditions, significant increases were found in Zygo and Orbic
from before to after the presentation of happy images, as were
significant increases in Corr after the presentation of sad images.

Analytical procedure

First, bivariate correlations were conducted between variables of
interest and the age, sex, and race of participants to determine needed
covariates. Based on preliminary analyses, only age was needed as a
covariate (specifically in analyses with NE and loneliness) and was
thus added to these regression models.

Multiple regression was then used to answer the following
questions:' (a) Is there an association between NM (the independent
variable [IV]; assessed via multiple measures) and the ability to
automatically and effortfully mimic others facial expressions?
(dependent variables [DVs] were the specific muscle group change
scores from baseline described in the EMG section) and (b) Is greater
facial muscle activation change from baseline during automatic and/
or effortful mimicry (DVs) associated with greater social support and
less loneliness (IVs, tested independently) across all participants (and

1 There has been much debate over familywise alpha and a gold-standard
method to correct for multiple comparisons. Some argue for the importance
of familywise alpha tests like false discovery rate and Bonferroni correction
(see ). while others argue these reduce power among other
problems, like increased Type Il error, ambiguity as to what constitutes a family,
etc. (see ). Given this debate over familywise alpha
corrections, as well as the ambiguity of what constitutes a family in our study,
we did not use Bonferroni correction or false discovery rate. Also, since this is
an exploratory study, we did not lower the alpha level. We believe the effect
sizes (R-squared change) are more meaningful than strict statistical significance
in our study. As such, we focus on the strengths of our effects in the

interpretation of our findings.
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vice versa for incorrect or no activation)? Across analyses, the alpha
level was set at p <0.05.

Preliminary analyses

Because nine individuals in the current sample reported the
diagnosis of a psychological disorder, ANOVA was used to examine
differences between those with and without a psychological disorder.
Of these nine individuals, only two indicated a current diagnosis of
clinical depression. Results revealed significantly greater BDI-II scores
for those with a psychological disorder (M =16.56) than without
(M =7.06), F(1,133)=12.81, p <0.001, as well as higher baseline trait
NM scores for those with a psychological disorder (M =1.76) than
without (M =1.13), F(1, 133) =7.46, p =0.007. Individuals reporting a
psychological disorder were not excluded from analyses, as this subset
theoretically represents an important part of the continuum of NM of
interest in the current set of analyses (i.e., the high end of NM).?

Is there an association between negative
mood and the ability to automatically and
effortfully mimic others’ facial expressions?

For a summary of the following results, please see
Mimicry of happy faces

Automatic Mimicry: High NE was marginally statistically
associated with less change in Zygo muscle activation in automatic

2 Analyses were also run removing the nine individuals diagnosed with a

psychological disorder and no notable changes in results were found.
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TABLE 2 Differences between average baseline facial muscle activation
and average activation 4S post-image presentation in response to happy,

sad, and neutral faces.

10.3389/fpsyg.2023.1056535

TABLE 3 Standardized B values from significant and marginal regression
analyses examining the relationship between negative mood and facial
mimicry.

Variable Mean t p (2-tailed) Variable NM NE BDI DM DE
Automatic Automatic
happy happy
Corr Baseline 0.51 2.40 0.018 Corr NS NS NS NS NS
Post-image 0.56 Orbic NS NS NS NS NS
Orbic Baseline 0.24 5.59 <0.001 Zygo NS —0.16' NS NS —0.20%
Post-image 0.36 Automatic
Zygo Baseline 0.15 341 <0.001 neutral
Post-image 0.22 Corr NS NS NS NS NS
Automatic sad Orbic NS NS NS NS NS
Corr Baseline 0.51 411 <0.001 Zygo NS NS NS NS NS
Post-image 0.62 Automatic sad
Orbic Baseline 0.28 3.47 <0.001 Corr NS NS NS NS NS
Post-image 0.35 Orbic NS NS NS NS NS
Zygo Baseline 0.17 1.32 0.190 Zygo NS NS NS NS§ NS$
Post-image 0.19 Effortful happy
Automatic Corr NS NS NS NS NS
neutral Orbic NS —0.20% NS —0.19%* —0.18*
Corr Baseline 0.51 5.31 <0.001 Zygo NS NS —0.19% NS —0.17°
Post-Image 0.61 Effortful
Orbic Baseline 0.23 2.37 0.019 neutral
Post-Image 0.27 Corr NS NS NS NS NS
Zygo Baseline 0.15 1.29 0.200 Orbic 0.18' NS NS NS NS
Post-Image 0.17 Zygo NS NS NS NS NS
Effortful happy Effortful sad
Corr Baseline 0.52 —4.44 <0.001 Corr NS NS NS NS NS
Post-Image 041 Orbic NS NS NS NS NS
Orbic Baseline 0.26 21.62 <0.001 Zygo 0.16' NS 0.16' 0.19% 0.22%
Post-Image 0.89 Corr = Corrugator Supercilii; Orbic = Orbicularis Oculi; Zygo = Zygomaticus Major. Age was
controlled for throughout analyses based on associations with relevant outcomes. **p <0.01;
Zygo Baseline 0.17 19.70 0.095 #p <0.05; 'p <0.10.
Post-Image 0.86
Effortful sad response to happy facial expressions (8=—0.16, p <0.10; R*=0.03, F(1,
124)=3.37, p =0.069). Furthermore, a statistically significant
Corr Baseline 0.52 17.25 <0.001 . . . .
relationship was found between high levels of DE and less change in
Post-image 1.08 Zygo muscle activation following happy facial expressions (£ =—0.20,
Orbic Baseline 0.25 11.04 0.003 p <0.05, R* =0.04, F(1, 122)=4.99, p =0.027). No comparable
Post-image 052 associations were found for general NM, DM, or depressive symptoms
. and Zygo muscle activation, as was the case for associations between
Zygo Baseline 0.18 6.59 <0.001 . o
any of the measures of NM and Orbic or Corr muscle activation.
Post-image 029 Effortful Mimicry: Greater change in Zygo activation was
Effortful neutral associated with fewer depressive symptoms (8=-0.19, p <0.05,
Corr Baseline 0.51 412 <0.001 R*> =0.04, F(1, 123)=4.59, p =0.034) and marginally with lower
= — 2 = =
Post-image 062 levels of DE (8=—-0.17, p <0.10, R* =0.03, F(1, 122)=3.41,
p =0.067). There were no statistically significant associations
Orbic Baseline 0.22 5.96 <0.001 . .
between Zygo muscle activation and NE, general NM, or
Post-image 0.33 DM. Greater change in Orbic activation was statistically significantly
Zygo Baseline 0.17 3.68 <0.001 associated with less general NE (8=—-0.20, p <0.05, R* =0.08, F(2,
Post-image 023 122)=5.00, p =0.008); lower levels of DM ($=-0.19, p <0.05

Corr = Corrugator Supercilii; Orbic = Orbicularis Oculi; Zygo = Zygomaticus Major.
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R* =0.04, F(1, 123)=4.38, p =0.038); and lower levels of DE
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The association between negative mood and mimicry of happy faces. (A) The association between NE depression and automatic happy faces mimicry
for Zygomaticus Major (Zygo). (B) The association between NE and automatic happy faces mimicry for Zygomaticus Major (Zygo). (C) The association
between NE depression and effortful happy faces mimicry for Orbicularis Oculi (Orbic). (D) The association between NE and effortful happy faces
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(RB=-0.18, p <0.05, R* =0.03, F(1, 122) =3.96, p =0.049). Orbic
muscle activation and general NM or depressive symptoms were not
associated at significant levels nor were there associations between
Corr muscle activation and any of the measures of NM. See Figure 4
for graphs of the more interesting findings.

Mimicry of neutral faces

Automatic Mimicry: As expected, no statistically significant
associations were found between automatic change in muscle
activation facial

following  the of neutral

expressions and NM.

presentation

Effortful Mimicry: There were no statistically significant
associations between Zygo muscle activation and any of the measures
of NM. For Orbic muscle activation, the only finding that was
approaching significance was that greater change in Orbic activity was
associated with greater general NM (8=0.18, p <0.10, R* =0.03, F(1,
121)=3.79, p =0.054), indicating that those higher in general NM
were incorrectly activating muscles around their eyes when
intentionally mimicking a neutral face. There were no other
associations with Orbic or Corr and any of the measures of NM.

Mimicry of sad faces
Automatic Mimicry: As expected, no statistically significant
associations were found between automatic change in muscle
activation following the presentation of sad facial expressions and NM.
Effortful Mimicry: Contrary to our initial hypotheses, greater
effortful change in Zygo activity following the presentation of sad facial
expressions was found to be statistically significantly associated with
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higher levels of DM (8=0.19, p <0.05, R* =0.04, F(1, 123)=4.59,
p =0.034); higher levels of DE (8=0.22, p <0.05, R* =0.05, F(1,
123)=6.15, p =0.014); higher general NM (8=0.16, p <0.10, R*=0.03,
F(1,124)=3.29, p =0.072); and depressive symptoms ($=0.16, p <0.10,
R*>=0.02, F(1, 124) =3.05, p =0.083). This indicates that when trying to
mimic sadness, individuals higher in measures of depressed/dysphoric
mood (but not all types of NM) were activating the incorrect facial
muscle group, the Zygo muscle in the cheek. There were no statistically
significant associations between Zygo muscle activation and NE or
DM. There were also no statistically significant associations between
Orbic or Corr muscle activation and any of the measures of NM. See
Figure 5 for graphs of the more interesting findings.

Is there an association between facial
muscle activation change from baseline
during automatic and effortful facial
expression mimicry and social functioning?

Mimicry of happy faces

Automatic Mimicry: There were no statistically significant
associations between facial muscle activation and social functioning
during automatic mimicry.

Effortful Mimicry: Higher loneliness was associated with less
Orbic activation change (8=—-0.15, p <0.05, R* =0.05, F(2, 122)=3.43,
p =0.036), and less Zygo activation change (8=-0.15, p <0.05,
R*>=0.06, F(2, 122)=3.51, p =0.033) after happy image presentation
(Figures 6B,C). This suggests less activity in the correct muscle groups
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The association between negative mood and mimicry of sad faces. (A) The association between NM depression and effortful sad faces mimicry for
Zygomaticus Major (Zygo). (B) The association between NE depression and effortful sad faces mimicry for Zygomaticus Major (Zygo).
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following the presentation of happy facial expressions in those with
greater loneliness. Similar associations were not found between Corr
muscle activation and social functioning.

Mimicry of neutral faces

There were no statistically significant associations between facial
muscle activation and social functioning during either automatic or
effortful mimicry.

Mimicry of sad faces

Automatic Mimicry: Greater automatic change in Zygo activation
following the presentation of sad facial expressions was associated
with self-reported loneliness (8=0.17, p <0.10, R* =0.07, F(2,
125)=4.35, p =0.015; Figure 6A), which indicates that automatically
activating the incorrect muscle group following the presentation of
sad facial expressions is associated with higher loneliness. There were
no statistically significant associations between Orbic or Corr muscle
activation and social functioning.

Effortful Mimicry: Following the presentation of sad facial
expressions in the effortful condition, a statistically significant
association was found between higher self-reported social support and
greater Corr activation change (8=0.21, p <0.05, R* =0.04, F(1,
124)=5.60, p =0.019) (Figure 6D). There was also a marginal
association between higher self-reported social support and less Zygo
activation change (8=-0.17, p <0.10, R* =0.03, F(1, 124)=3.81,
p =0.053). This suggests that those with high social support are more
skilled at intentionally demonstrating sadness. This finding was
replicated in the loneliness data such that those with lower loneliness
showed higher Corr activation change (8=-0.17, p <0.05, R* =0.07,
F(2, 123)=4.62, p =0.012), as well as less Zygo activation change
(8=0.21, p <0.05, R*=0.08, F(2, 123) =5.51, p =0.005). See Figure 6
for graphs of the more interesting findings.

Discussion

The current study examined associations between transient NM and
automatic and effortful facial expression mimicry. Although many
studies have reported deficits in automatic mimicry for individuals with
depression and dysphoria (Wexler et al, 1993; Sloan et al., 2002;
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Lautzenhiser, 2003), this study is the first to also examine both automatic
and effortful facial expression mimicry in the context of transient
negative moods and emotion and in a healthy sample. Results support
previous clinical depression and dysphoria findings by verifying some
associations between NM and less change in facial muscle activation
during automatic mimicry of positive facial expressions (in our findings,
accounting for approximately 3-4% of the variability in automatic Zygo
mimicry of positive expression). More importantly, results add to
previous literature by confirming a significant association between NM
and less change in facial muscle activation during effortful mimicry of
positive facial expressions. Specifically, negative moods and even
transient negative emotions (especially depressed ones) accounted for up
to 8% of the variability in Orbic mimicry of positive expressions. These
findings confirm the central hypothesis that even mild negative moods
in healthy samples are tied with detriments to mimicry ability, especially
for positive emotion.

Also consistent with past research on depression and automatic
mimicry, there were no associations between automatic mimicry of
negative and neutral expressions in those with higher NM. It is
worthwhile to note that automatic facial expressions are typically
associated with positive expressions (e.g., happiness), while negative
expressions (e.g., sadness, anger, disgust) are mimicked less often and
with less intensity (Bourgeois and Hess, 2008; Fischer and Hess, 2017).
When presented with a positive expression, people are more
compelled to return the pleasant expression in order to facilitate a
smooth and enjoyable interaction, whereas being confronted with a
negative expression decreases the desire to invest in the social
interaction and, therefore, leads to less mimicry (Likowski et al,
2008). Thus, it can be assumed that facial mimicry relates more to
affiliative emotions, since positive expressions are more of an affiliative
signal than negative ones (Hess, 2021; Hess and Fischer, 2022). This
might explain the lack of significant associations between automatic
mimicry of negative and neutral expressions and high NM.

Interestingly, new findings were revealed in the effortful mimicry
condition such that individuals reporting high levels of state negative
affect, especially self-reported depressed feelings, also have impaired
effortful mimicry of sad facial expressions, with increased activation
of incorrect muscle groups (i.e., the zygomaticus major muscle)
occurring, a muscle group involved in smiling, contentment, and
pleasure (Ekman and Friesen, 1978). This association between
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The association between social variables and facial mimicry. (A) The association between loneliness and automatic sad face mimicry for Zygomaticus
Major (Zygo). (B) The association between loneliness and effortful happy face mimicry for Orbicularis Oculi (Orbic). (C) The association between
loneliness and effortful happy face mimicry for Zygomaticus Major (Zygo). (D) The association between social support and effortful sad face mimicry
for Corrugator (Corr).

negative moods/emotions and Zygo activation to sadness ranged from
approximately 2-5% of the variance explained. Previous literature on
depressed individuals has shown deficits in automatic mimicry of
positive expressions, with greater Corr activation, which is typically
not associated with positive expressions (Sloan et al., 2002); however,
activation of incorrect muscle groups following intentional mimicry
of sad facial expressions has not been seen previously. This could have
significant practical implications in social situations for sad and/or
dysphoric individuals if they are unable to accurately mimic others’
expressions, and especially if they inappropriately smile in the face of
others’ sadness, as was seen here.

These deficits seen in effortful mimicry of facial expressions for
individuals reporting elevated NM could have implications for clinical
treatments for individuals with mild to moderate depression. To date,
social skills training (SST), which often includes instruction and
coaching related to effective non-verbal communication, has been
widely employed in conjunction with other therapies to treat
symptoms of depression and enhance social functioning in this
population (see Segrin, 2000). Although SST has generally been found
to be an effective adjunctive treatment for many individuals with
depression (Segrin, 2000), the current results suggest that basic
awareness and instruction in facial expression mimicry may not alone
be effective in helping depressed individuals accurately mimic facial
expressions. Additionally, it has been well documented that individuals
with depression process facial expressions differently than
non-depressed individuals, showing deficiencies in the ability to
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process expressions effortfully. This particularly affects processing of
positive expressions (Hartlage et al., 1993), as well as leads to a bias in
perceiving negative facial expressions, which can serve to maintain a
depressive view of one’s social environment (Bistricky et al., 2011).
Results of the current study suggest that this processing deficiency
may also be present in those with subclinical levels of depressive
symptoms and that simply asking dysphoric individuals to
purposefully mimic a positive expression will not lead to successful
mimicry. Future studies should examine whether a more explicit SST
module, with instruction about the specific muscle groups involved in
positive facial expression (i.e., the Orbic and Zygo muscles), could lead
to more accurate effortful mimicry of positive facial expressions.
Because of the large literature on the importance of facial
expressions in social interactions (Izard, 1989; Manstead, 1991;
Keltner and Haidt, 1999), we hypothesized that greater facial muscle
activation change from baseline during both automatic and effortful
mimicry (i.e., correct muscle activation and clearer mimicry) would
be associated with higher levels of social support and less loneliness.
Our hypothesis was confirmed; across mimicry conditions, clear
associations were found between activation of the correct muscle
group for the expression at hand and both greater social support and
less loneliness. A significant association was found between activation
of the incorrect Zygo muscle during both automatic and effortful
mimicry of sad facial expressions and greater self-reported loneliness;
however, no significant results were found between social variables
and automatic mimicry of happy and neutral faces. The presence of
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Zygo activity during effortful mimicry of sad faces was also negatively
associated with social support. The presence of Corr activity, which is
appropriate during mimicry of sad facial expressions, was positively
associated with social support and negatively associated with
loneliness, which could indicate that activation of the correct muscle
group for the expression leads to better social functioning (or vice
versa). This is also supported by results showing that greater Orbic and
Zygo activity during effortful happy facial expressions, which is
appropriate  for the expression, was associated with
decreased loneliness.

Taken together, these social results point to the previously
discussed studies citing the importance of accurate facial mimicry for
healthy social functioning (Tuck et al., 2016a). Studies have repeatedly
suggested that isolation and loneliness contribute to depressive
symptoms (Rockwell et al., 1976; Palinkas and Browner, 1995;
Cacioppo et al., 2010). Further, it can be argued that the relationship
between poor social interactions and negative affect is bidirectional,
with depression leading to greater social withdrawal and less
confidence in social ability, and alternatively, perceived or actual social
difficulties leading to increased depression (Bistricky et al., 2011).
However, the current study also points to the intriguing possibility
that improving facial mimicry skill could contribute to the
discontinuation of this cycle by leading to more effective and
rewarding social experiences for individuals with dysphoria and
depression. In line with this, greater ability to express a certain
emotion in the face when asked to do so has been found to
be associated with fewer depressive symptoms and better health (Tuck
etal., 2016a).

The current study does have limitations to consider, such as
limited generalizability to non-clinical, White student samples.
Future research should seek to examine whether this replicates in
more diverse samples. Also, as mood was naturally occurring in these
studies, our understanding of directionality is limited, necessitating
future work using emotion inductions to better understand causal
directionality as well as whether brief, induced negative emotional
states have the same mimicry effect. An additional limitation in the
interpretation of these findings is the overtness of the stimuli. Some
facial researchers hypothesize that mimicry is more useful in subtle
expression contexts (Dimberg et al., 2000; Prochazkova and Kret,
2017); thus, the meaning of these findings with overt stimuli cannot
generalize to those situations and the results might have been
different with alternative stimuli. It is also relevant to note that this
study used static images rather than videos (Cohen et al., 2003),
which can strengthen ecological validity in terms of how individuals
respond to expressions in the real world. Finally, because of the
exploratory nature of the findings (we did not know which types of
negative affect would be important nor whether findings from the
clinical literature would apply with transient mood) and the necessary
large number of analyses that go with this, we did not use corrected
p-values. We hope that the results from this study will guide more
targeted studies in the future to determine the replicability of
the findings.

Despite limitations of the current work, results have contributed
to filling an important gap in the literature by examining the
association between NM and effortful facial expression mimicry.
Understanding whether deficits in effortful mimicry exist could
fundamentally change recommended treatments for depression,
particularly those that include a SST component. Given the estimation
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that millions of people experience dysphoria at some period in their
lives (Fromson and Bell, 2010), not to mention the regular day to day
negative moods we all experience, the current results could potentially
benefit a large range of individuals by pointing to the commonness of
this mimicry difficulty with high NM. Finally, these findings highlight
the need to control for baseline mood in experimental facial
manipulation studies. For example, facial feedback work where
individuals are asked to pose their face in a certain manner (Coles
etal., 2019) might have large amounts of noise based on the current
affective state of participants. Future facial mimicry and expression
studies may need to consider controlling mood or using a neutral
mood induction prior to manipulations to ensure equal expression
ability across all participants.
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