Cognition Cognition and Emotion

~ Emotion

.......

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/pcem20

2
g
a
2}

€Y Routledge

Taylor &Francis Group

(Un)mask yourself! Effects of face masks on facial
mimicry and emotion perception during the
COVID-19 pandemic

Till Kastendieck, Stephan Zillmer & Ursula Hess

To cite this article: Till Kastendieck, Stephan Zillmer & Ursula Hess (2022) (Un)mask yourself!
Effects of face masks on facial mimicry and emotion perception during the COVID-19 pandemic,
Cognition and Emotion, 36:1, 59-69, DOI: 10.1080/02699931.2021.1950639

To link to this article: https://doi.org/10.1080/02699931.2021.1950639

A
h View supplementary material &

@ Published online: 25 Aug 2021.

(&
Submit your article to this journal &

||I| Article views: 1372

A
& View related articles &'

Py

() View Crossmark data &

CrossMark

@ Citing articles: 2 View citing articles (&

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=pcem20


https://www.tandfonline.com/action/journalInformation?journalCode=pcem20
https://www.tandfonline.com/loi/pcem20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02699931.2021.1950639
https://doi.org/10.1080/02699931.2021.1950639
https://www.tandfonline.com/doi/suppl/10.1080/02699931.2021.1950639
https://www.tandfonline.com/doi/suppl/10.1080/02699931.2021.1950639
https://www.tandfonline.com/action/authorSubmission?journalCode=pcem20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=pcem20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/02699931.2021.1950639
https://www.tandfonline.com/doi/mlt/10.1080/02699931.2021.1950639
http://crossmark.crossref.org/dialog/?doi=10.1080/02699931.2021.1950639&domain=pdf&date_stamp=2021-08-25
http://crossmark.crossref.org/dialog/?doi=10.1080/02699931.2021.1950639&domain=pdf&date_stamp=2021-08-25
https://www.tandfonline.com/doi/citedby/10.1080/02699931.2021.1950639#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/02699931.2021.1950639#tabModule

COGNITION AND EMOTION
2022, VOL. 36, NO. 1, 59-69
https://doi.org/10.1080/02699931.2021.1950639

Routledge

Taylor & Francis Group

39031LN0Y

BRIEF ARTICLE

W) Check for updates

(Un)mask yourself! Effects of face masks on facial mimicry and emotion
perception during the COVID-19 pandemic

Till Kastendieck @, Stephan Zillmer

and Ursula Hess

Humboldt-Universitdt zu Berlin, Institute of Psychology, Berlin, Germany

ABSTRACT

Face masks have been said to impact face-to-face interaction negatively. Yet, there is
limited evidence on the degree to which partial face occlusion is detrimental to
empathic processes such as emotion perception and facial mimicry. To address this
question, we conducted an online experiment (N=200, UK. sample) that assessed
subjective ratings and facial expressions (mimicry) in response to masked and
unmasked faces. Perceivers were able to recognise happiness and sadness in
dynamic emotion expressions independent of (surgical) face masks. However,
perceived emotion intensity and interpersonal closeness were reduced for masked
faces. Facial mimicry, the perceiver’s imitation of the expresser's emotional display,
was reduced or absent in response to happy but preserved for sad mask-covered
expressions. For happy target expressions, the face-mimicry link was partially
mediated by perceived emotion intensity, supporting the idea that mimicry is
influenced by context effects. Thus, these findings suggest that whether face
masks impede emotion communication depends on the emotion expressed and
the emotion-communication aspect of interest. With unprecedented changes in
nonverbal communication brought about by the COVID-19 pandemic, this research
marks a first contribution to our understanding of facial mimicry as an important
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social regulator during these times.

During the current COVID-19 pandemic, face masks
have become ubiquitous. Since these masks cover
parts of the face, they can be expected to impact on
social cognition and interaction (see van Bavel et al.,
2020). The present research assessed effects of face
masks on facial mimicry and emotion perception.

Face masks and emotional mimicry

Specifically, masks cover the mouth region - an
important source of emotional information (Boucher
& Ekman, 1975). As such, emotion expressions in
faces covered with surgical masks on blank back-
grounds tend to be recognised less well than in
uncovered faces among adults (Carbon, 2020; Grund-
mann et al,, 2021) and children (Ruba & Pollak, 2020).
Hence, we expect face masks to impede emotion per-
ception in the observer.

Yet, emotion expressions are not only perceived
but also responded to. One important (nonverbal)
behaviour in response to observing emotion
expressions is emotional mimicry, the spontaneous
and largely unconscious imitation of an interaction
partner’s emotional display (Hess & Fischer, 2013).
Emotional mimicry plays an important role in social
rapport (Hess et al., 1999) and (affective) empathy
(Drimalla et al., 2019), and predicts perceived social
interaction quality (Mauersberger & Hess, 2019).

At first glance, masks should impede facial mimicry
because they occlude major parts of the face.
However, emotion expressions form a pattern across
the face, and most include some information in the
eye region, even if the mouth region may be more
informative (Boucher & Ekman, 1975). For example,
even though the most obvious sign of smiling, the
drawing up of the corners of the mouth, is hidden
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behind a mask, other signs, namely the pushing up of
the cheeks and the wrinkles around the eyes, which
may accompany this movement, remain visible. In
this vein, humans are generally able to deduce
various mental states from information in the eye
region alone (Baron-Cohen et al,, 1997, Schmidtmann
et al.,, 2020). Further, there is evidence that people can
mimic an emotion expression facially even if they only
see the body or hear the voice (i.e. cross-modal
mimicry, Hawk et al, 2012). In fact, as long as
people recognise the emotion shown, even if accu-
racy is overall reduced, they tend to mimic the
expression even if it is only partially visible (Blaison
et al.,, 2013).

Importantly, however, according to the emotional
mimicry as social regulator perspective, emotional
mimicry is both dependent on and facilitative for
affiliation (Hess & Fischer, 2013, 2016; Mauersberger
& Hess, 2019). Accumulating evidence documents
the role of affiliation for emotional mimicry at least
down to the age of three (Vacaru et al, 2019). We
have used the term affiliative mimicry (Hess, 2021)
for the mimicry of emotion expressions that signal
affiliation, such as happiness and sadness (Knutson,
1996). By contrast, when an observer does not want
to affiliate with an expresser, for example, because
that person is perceived as behaving inappropriately
in a given context, mimicry is reduced or absent
(Kastendieck et al, 2020). Hence, whether mask-
wearing signals appropriate or inappropriate behaviour
to an observer should impact mimicry.

Face masks, face processing, and emotion
perception

Pre-pandemic data suggest that face masks can
have ambivalent social consequences. Surgical
mask wearers were perceived as competent but
unemotional, and their emotions as less intense
than when similarly covered with scarfs or niqabs
(Hareli et al., 2013). Moreover, medical doctors
who wore professional masks during consultations
were perceived by patients as less relationally
empathic (Wong et al., 2013). More recently, peri-
pandemic findings also show that masks have an
effect on person perception. For example, surgical
mask wearers were more likely to be perceived as
ill but also as more trustworthy and socially ade-
quate (Olivera-La Rosa et al, 2020). Thus, face
masks, like those common in the pandemic, are
likely to serve as social signals for person

perception. In turn, the beliefs we hold about
others influence how we perceive their emotions
(e.g. Bijlstra et al., 2014). These findings point to a
possible influence of stereotypical beliefs regarding
masked faces, next to the obvious effect of obscur-
ing the face. Moreover, in peri-pandemic mask
studies, mask type (e.g. surgical, N95, community),
and where the mask is worn (e.g. spatial context)
may also matter. Although some studies have
varied the former, the latter is typically not varied.
In this study, we decided to keep mask type con-
stant and vary the context in which the masked
vs. unmasked faces were shown.

Thus, we chose the probably most prototypical
mask at the time of the data collection: the surgical
mask. Yet, since wearing a mask or failure to do so
may have different social consequences in different
spatial contexts, we studied the effects of masks in
two different scenes. An outdoor scene (park),
where mask-wearing was at the time of the data col-
lection (August 2020) not enforced in the country
where the data collection took place (i.e. UK.), and
an indoor scene (grocery store), where masks were
obligatory at the time of the study. The sharing of
indoor environments is the major risk for COVID-19
transmission (Qian et al., 2021). Aerosol research
suggests that 99.9% of infections occur inside
(Asbach et al., 2020). Hence, we speculated that the
social consequences of a failure to wear a mask are
more pronounced indoors.

Goal of the present study

The present study had the goal to assess (a) whether
surgical masks have an impact on emotion percep-
tion, specifically, whether face masks reduce the
emotion recognition (hit) rate, reduce the perceived
intensity of the expression, and increase the bias,
that is, the ratings on the distractor emotions, (b)
whether face masks reduce interpersonal closeness,
and (c) whether face masks reduce affiliative facial
mimicry; (d) we further explored whether scene
context moderates these relationships in that more
incongruent combinations of emoter and scene (e.g.
no mask in a store) would be more detrimental to
the outcome variables. Moreover, we investigated
whether the link between mask condition and facial
mimicry was mediated by perceived emotion inten-
sity, as the mimicry as social regulator perspective
would suggest (Hess & Fischer, 2013), or whether, con-
versely, the link between mask condition and



perceived emotion intensity was mediated by facial
mimicry as embodiment accounts would suggest
(e.g. Niedenthal et al, 2017). We also aimed to
assess the impact of attitudes toward masks but
were not able to do this due to a lack of variance in
that variable in our sample.

Hypotheses

Hypothesis 1. The presence of face masks in target faces
reduces emotion perception quality (H1a: reduced rec-
ognition rate, H1b: reduced perceived intensity, H1c:
increased bias).

Hypothesis 2. The presence of face masks in target faces
reduces perceived interpersonal closeness.

Hypothesis 3. The presence of face masks in target faces
reduces facial mimicry.

Hypothesis 4. These dependent variables are particularly
affected when face mask wearers are embedded into
scenes where face mask use is less expected.
Hypothesis 5. Perceived emotion intensity mediates the
relationship between face condition and facial mimicry.

Method
Power considerations

Effect sizes for mimicry effects found with electromyo-
graphy in our laboratory tend to range from n,z,:.1 5to
np=-3. From our perspective, there are currently no
satisfactory a priori power analysis tools for linear
mixed modelling for the design we used. Especially
the a priori determination of important model par-
ameters (e.g. intraclass correlation, first and second
level standard deviations, random-slope variance)
can be deemed problematic.

However, arguably, an ANOVA-oriented power
analysis can be considered a lower bound for a
power analysis for LMM. Therefore, based on the con-
servative effect size n;=.15 and aiming for 95% power
at alpha=.05, we conducted a power analysis with
MorePower 6.0 (Campbell & Thompson, 2012) for an
ANOVA-based analysis strategy. The analysis indi-
cated that 76 participants are required for the
current within-participant design. Yet, due to lack of
prior peri-pandemic evidence, it is still problematic
to estimate the size of the effect of obscuring the
face with masks on mimicry, especially as we used a
less sensitive measure of facial activity. Hence, we
decided to double the sample size to at least 152 par-
ticipants as it is preferable to have a larger than
required sample than to end up with insufficient
power.
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Finally, as we filmed participants online using their
webcams and then uploaded the videos for analysis,
we anticipated a relatively high loss of data. We,
therefore, decided to oversample by at least 25% to
compensate for likely technical problems (e.g. faulty
or slow internet connections, problematic browser
settings, or poor camera resolution).

Participants

A total of 244 participants completed the online
experiment and gave their consent via Prolific UK.
The final sample consisted of data from 200 partici-
pants (140 women) with a mean age of 329
(SD=12.68), who reported having seen the video
stimuli (three were excluded as they did not) and for
whom at least one video upload was successful (41
were excluded because none was uploaded). The
sample was not intended to be geographically repre-
sentative, nonetheless, participants came from a wide
range of U.K. regions. Of the 4800 video stimuli across
the remaining 200 participants, only 88 video uploads
were not successful (1.8%). Participants received £2.75
on average for their participation, which is classified
as good payment in Prolific. The mean task time was
12 min and 45 s (advertised as a 15-minute task).

Materials

Face video stimuli (3 female, 3 male actors) from the
Amsterdam Dynamic Facial Expression Set (ADFES,
van der Schalk et al, 2011) were selected, each
showing a happy and a sad expression. The videos
were  edited using segmentation within
an augmented reality software (Lens Studio by Snap
Inc.), such that a surgical face mask (foreground;
mask vs. no mask) and two different public scenes
(background; park vs. store) were integrated for the
respective experimental conditions. The mask was
attached to the face using the face tracking function
of Lens Studio to model a dynamic interplay of the
face and mask, allowing the mask to move naturally
with the moving face. For the scenes, photos from a
park and a store in Berlin were added to the back-
ground (see Figure 1).

The videos had a length of 7.5 s and first showed a
fixation cross (1.5 s), then the neutral face within the
scene (M=1.01 s, Min=0.93 s, Max=1.13 s), the develop-
ing of the expression (M=1.89 s, Min=0.77 s, Max=3.3 s),
and finally the apex expression (M=3.1 s, Min=1.63 s,
Max=4.3 s). The final stimulus set consisted of 2 (actor
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Figure 1. Examples of happy and sad expressers with and without masks in a park and a store. Note: Facial video stimuli were adapted, with
permission, from the Amsterdam Dynamic Facial Expression Set (ADFES, van der Schalk et al., 2011) and dynamically embedded into static

scenes. Depicted are frames at apex or peak of expressivity.

gender) X 3 (actors) X 2 (emotion expression) X (2 mask/
no mask) x 2 (scene) =48 different videos. To avoid
fatigue, each participant saw only half the set (i.e. 24
videos) which were presented in random order.
Videos were counterbalanced across participants.

Procedure

Participants were informed that they will see 24 short
videos, that the task will take about 15 minutes, and
that participation in the experiment is only possible if
they have a webcam-enabled computer/laptop and
agree to a webcam recording of their face during the
experiment. Informed consent included standard
details on compensation, confidentiality, and contact
information as well as detailed information on (video)
data storage and processing. Participants who
agreed to participate were instructed to set up their
webcam to allow recording, to arrange sufficient light-
ing, and to refrain from eating or covering their face
during the experiment. Finally, participants provided
socio-demographic information.

Participants then saw the video stimuli while their
facial activity was recorded. Following each video,
using 7-point scales, participants rated the targets’

emotion expressions using an emotion profile (happi-
ness, sadness, fear, anger, disgust, and surprise), and
indicated how close they felt to the person shown
using the Inclusion of Other in the Self-scale (10S,
Aron et al,, 1992). Following the video task, partici-
pants were asked COVID-related questions, such as
to what extent they “think it is reasonable to wear a
mask in public in the context of the COVID-19
pandemic.”’

On each page of the procedure, participants were
given the opportunity to opt out and get their data
discarded. Finally, participants were informed about
the purpose of the experiment, thanked for their par-
ticipation, and received the necessary code for
payment.

Facial behaviour analysis

The uploaded videos were analysed using the open-
source facial behaviour analysis toolkit OpenFace 2.0
(Baltrusaitis et al., 2018). OpenFace analyses facial
activity in terms of facial action units as classified in
the Facial Action Coding System (Ekman & Friesen,
1978). Frames with a detection confidence lower
than 75% were excluded (Drimalla et al., 2020). The



mean confidence across all used frames was 97%
(SD=3%). Based on a visual check, OpenFace data
from 30 participants had to be excluded as they
showed insufficient adherence to task instructions
(e.g. talking or eating during the task), used insuffi-
cient lighting, or obstructed their face.

Data preparation

Based on the OpenFace data, facial mimicry was
assessed using facial action units AU4 (eyebrows
drawn together), AU6 (wrinkles in the corner of the
eyes), and AU12 (lip corners pulled up). Baseline-cor-
rected, within-subject z-transformed scores were cal-
culated to control for participants’ general
expressiveness. The fixation cross (1.5 s) before each
stimulus served as a dynamic baseline. With these
transformed scores, a positive pattern score was com-
puted, as described by Hess et al. (2017) for facial
EMG, which indicates the contrast between the
average activity of zygomaticus major (or AU12 in
OpenFace) and orbicularis oculi lateralis (AU6),
minus the activity of corrugator supercilii (AU4). The
converse contrast formed the negative pattern
score. Frames of the uploaded videos were divided
into segments corresponding to those of the stimulus
material: neutral face, onset, and apex. Videos of
example stimuli, a detailed R Markdown, a shorter
table overview, and datasets can be found at Open
Science Framework (OSF), https://osf.io/n2btd/ or
doi:10.17605/0SF.I0/N2BTD (Study 2); datasets also
at Harvard Dataverse, doi:10.7910/DVN/I1LSFY.

Results
Emotion perception

Quite surprisingly, participants were 99.8% (no mask)
and 99.7% (mask) accurate when decoding the
expressions. Thus, hypothesis 1a [emotion recog-
nition (hit) rate] was not supported. Yet, only happy
and sad expressions were shown in the design.
Given the low task difficulty, this very high emotion
recognition rate, located at the ceiling, could have
been the result of learning a somewhat easy task.
However, in accordance with hypothesis 1b, mask-
wearing had an effect on perceived emotion intensity.
An LMM analysis with the fixed factors scene (refer-
ence: park), mask (reference: no mask), and emotion
(reference: happy) on the emotion intensity rating,
revealed significant fixed effect estimates for mask,
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B=—0.81, t=—11.55, p<.001, Clgs (o[-0.95, —0.68],
effect size (es, standardised coefficient)=—0.43, Clgs_es.
[-0.51, —0.36], and emotion, B=-0.75 t=—9.28,
p<.001, Clgs ¢[—0.88, —0.62], es=—0.40, Clgs_s[—0.48,
—0.31]. The emotion*mask interaction, f=—0.65, t=
—7.85, p<.001, Clgs ¢[—0.84, —0.47] was significant
but did not qualify the main effects (see Figure 2,
for estimated marginal means, standard errors, and
95% confidence intervals). The LMM analysis included
a random intercept for the cluster variable participant
id and random slopes for segment, scene, and mask.
Contrast analyses (custom contrasts) indicated that
when expressers wore a mask, the target emotion
intensity was rated significantly lower in both happy
(p<.001, Cohen’s d=0.58) and sad faces (p <.001,
Cohen’s d=1.05). Scene had no significant predictive
value (p=0.54) but was retained as the models includ-
ing this variable had better fit (AIC: 17752 vs. 17791,
BIC: 17855 vs. 17862, x°=49.00, p>.001) (for more
detailed results and code, see R Markdown).

Interestingly, in accordance with hypothesis 1c,
participants had higher ratings on the negative dis-
tractor emotions of the basic emotion profile (anger,
fear, disgust) when rating sad faces with masks. The
higher ratings on distractor items in the emotion
profile confirm that wearing a mask reduced the
clarity of the emotion signal (for more details, see R
Markdown). On an exploratory note, there was also
less intense overall emotion-profile use when rating
happy faces with masks.

Perceived interpersonal closeness

An LMM analysis with the same factors on the per-
ceived interpersonal closeness ratings revealed sig-
nificant fixed effect estimates for mask, f=—0.30, t=
—6.27, p<.001, Clgs ([-0.41, —0.19], €5=0.20, Clos cs.
[-0.26, —0.14], and emotion, B=-0.78, t=—10.16,
p<.001, Clgs_[—0.95, —0.62], es=—0.52, Clgs_¢s[—0.42,
—0.62]. The emotion*mask interaction, [=0.13,
t=2.42, p=.026, Clgs ([0.02, 0.24] was significant but
did not qualify the main effects (see Figure 3, for
plot). As indicated by contrast analyses (custom con-
trasts) and in accordance with hypothesis 2, partici-
pants felt closer to expressers without masks than
with masks (happy: p<.001, Cohen’s d=0.33; sad:
p<.001, Cohen’s d=0.19). Moreover, they felt closer
to happy than sad expressers (no mask: p<.001,
Cohen’s d=0.89; mask: p<.001, Cohen’s d=0.74). The
fixed effect estimate for scene was =—0.08, Clgs_fe-
[-0.15, 0.00], p=.049, had no substantial predictive
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value (p=0.20) but was retained as models with this
variable had better fit (AIC: 13839 vs. 13915; BIC:
13943 vs. 13986; x2=85.7, p<.001). Thus, largely inde-
pendent of the surroundings, participants felt socially
closer to expressers not wearing masks. Notably,
showing sadness compared to happiness also
increased perceived social distance.

Facial mimicry

To assess whether mask-wearing impedes mimicry,
we conducted LMM analyses with the fixed factors

3.2

2.8 *

2.0 * +

1.6

segment (reference: neutral expression/still face),
scene (reference: park), and mask (reference: no
mask) on the positive expressivity score for happy
expressers and on the negative expressivity score
for sad expressers. We included a random intercept
for the cluster variable participant id and random
slopes for segment, scene, and mask. Values signifi-
cantly above zero indicate a matching expression
by participants, values around zero indicate no
expression, and values below zero indicate a
counter-expression. Mimicry was indexed by (a) a
pattern score significantly larger than zero or (b)

Happy Sad

Happy

Emotion Expression
Face ® No Mask 4 Mask

Figure 3. Perceived interpersonal closeness (I0S) as a function of scene, mask, and emotion expression. Note: Symbols (circle: no mask, tri-
angle: mask) represent estimated marginal means, black bars represent standard errors, coloured bars represent 95%-confidence intervals.

The response scale ranged from 1 to 7.
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Neutral Onset Apex

Neutral Onset Apex

Segment

Face ® No Mask ® Mask

Figure 4. Facial activity in response to happy expressions (happiness mimicry) as a function of scene, mask, and segment.

scores for onset and apex, respectively, that are sig-
nificantly larger than scores for responses to neutral
expressions.

Happy expressions. An LMM analysis revealed sig-
nificant fixed effect estimates for onset, =0.10,
t=2.19, p=.001, Clgs_£[0.04, 0.16], es=0.10, Clgs_¢[0.01,
0.18], and apex, (=0.28, t=5.45, p<.001, Clgs[0.18,
0.39], es=0.27, Clgs ¢5[0.17, 0.37], segments, which
were qualified by the mask*onset interaction, B=
—0.08, t=—1.25, p=.040, Clgs _¢[-0.15, 0.00], and the
mask*apex interaction, f=—0.16, t=—2.44, p=.004,
Clgs te[—0.27, —0.05] (see Figure 4, for plot). Scene
had no significant predictive value (p=1.00) but was
retained as the models with this variable had better
fit (AIC: 16593 vs. 16699; BIC: 16746 vs. 16812;
)(2:118.00, p<.001). In all mentioned analyses, there

|
5 =
Lo P
I {
0 0.0 +

was lack of support for hypothesis 4 in that scene
did not moderate the effects of mask condition on
our dependent variables but was retained in the
models as it improved fit.

Comparisons of estimated marginal means to zero
indicated that for unmasked expressers mimicry was
present at apex in both contexts (park: Clgs5[0.17,
0.44], store: Clgs[0.19, 0.49]); and also at onset in the
store scene, Clg5[0.03, 0.29] and just failed to be signifi-
cant for onset in the park scene, Clgs [—0.002, 0.25]. For
masked expressers, mimicry was just significant only at
an apex in the store scene, Clgs [0.0002, 0.25] and non-
significant in all other conditions. Importantly, at apex,
facial positivity in response to unmasked expressers
was significantly higher than toward masked expres-
sers (estimates=0.21, p=0.002, Cly5[0.05, 0.38]).

|

Neutral Onset Apex

Neutral Onset Apex

Segment

Face ® No Mask ® Mask

Figure 5. Facial activity in response to sad expressions as a function of scene, mask, and segment.



66 e T. KASTENDIECK ET AL.

Moreover, as shown by contrast analyses (custom
contrasts), facial positivity was higher at apex than at
neutral for unmasked expressions (estimates: 0.28,
p<.001, Cohen'’s d=.23), but not for masked expressions
(p=0.16). Overall, in accordance with hypothesis 3,
mimicry of happy expressions emerged consistently
for unmasked expressers, but was reduced or absent
when the expresser wore a mask.

Sad expressions. The full LMM model with the same
experimental factors, revealed significant fixed effect
estimates for onset, =0.12, t=1.90, p=.010, Clys_¢[0.00,
0.24], es=0.12, Clgs s [0.00, 0.24], and apex, $=0.19,
t=2.80, p=.006, Clgs ([0.05, 0.32], es=0.19, Clgs es
[0.06, 0.33], segments (see Figure 5, for plot). Based
on the estimated marginal means comparisons to
zero, facial negativity was different from zero at apex,
indicating mimicry, for all conditions (min Clgs_,=0.02,
max Clgs_,,=0.45). By contrast, when comparing onset
and apex to neutral, the difference was just significant
only in response to mask wearers in the park (p=.032).
Yet, a clearer pattern for sadness mimicry based on the
apex/onset vs.-neutral criterion emerged for the
segment-only model (with the non-significant fixed
effects excluded), onset, $=0.10, t=3.01, p<.001,
Clys5[0.05, 0.14], €s=0.10, Clgs_cs [0.03, 0.16], and apeXx,
B=0.19, t=5.04, p<.001, Cly5[0.11, 0.26], es=0.19,
Clgs es [0.12, 0.27]. Thus, sadness mimicry was
evident in all conditions, but not stable across all cri-
teria (for an ancillary analysis with emotion as factor,
including a plot of the data, see R Markdown). We con-
clude that hypothesis 3 was not supported in case of
sadness mimicry in that masks seemed to have little
influence on facial activity in perceivers.

The potential role of attitudes for emotional
mimicry of masked expressions

According to the mimicry in context model (Hess &
Fischer, 2013, 2016), negative attitudes toward mask-
wearing should result in reduced mimicry. However,
approval of masks was surprisingly high and homo-
geneous in our sample (Mean=6.4, SD=1.05 on a 7-
point scale). This restriction of variance made model-
ing problematic and highlights the need to incorpor-
ate more sophisticated measures in future research.

The mediating role of emotion perception in
the mask-mimicry relationship

Mediation of happiness mimicry. Next to the effect of
attitudes on emotional mimicry, it is possible that the

reduced perceived intensity of the expressions
reduced mimicry, because the weaker signal is less
clear. Conversely, embodiment accounts (Niedenthal
et al., 2017) would predict reduced perception as a
function of reduced mimicry. We therefore investi-
gated the direction of the emotion perception-
mimicry link. For happy expressions, multilevel
mediation analyses revealed (controlling for scene),
next to the direct effect of mask on facial positivity
(=0.16, negative estimate indicates less positivity for
mask vs. reference category no mask), an indirect
effect of mask via perceived emotion intensity on hap-
piness mimicry of —0.04 (i1=—0.82*i2 = 0.05). The total
effect was —0.20 with a substantial proportion of
mediation (21.7%). Thus, for happiness mimicry,
there was support for hypothesis 5. By contrast, for
the reverse direction (emotion intensity being pre-
dicted by mask via facial positivity), the indirect effect
was significant (direct=0.70; indirect=0.02), but negli-
gible with 97.4% of the total effect (0.04) attributable
to the direct effect. This suggests that, in line with
the mimicry as social regulator model (Hess &
Fischer, 2013), the lack of perception clarity contribu-
ted to the reduction in mimicry rather than the reverse.

Mediation of sadness mimicry. For sad
expressions, the corresponding analysis revealed
only a direct effect of mask on facial negativity of
0.02. Thus, for sad expressions, the mask-mimicry
relationship was not mediated by intensity and
neither was the mask-intensity relationship
mediated by mimicry (direct effect: —1.4) (for
more detailed results and mediation plots, see R
Markdown). Overall, there was evidence for the
role of emotion perception as a mediator in case
of happiness mimicry but no evidence for the role
of facial mimicry as a mediator.

Discussion

In this study, we found support for hypothesis 1b
(masks reduce perceived emotion intensity) and 1c
(masks increase emotion recognition bias), hypothesis
2 (masks reduce perceived interpersonal closeness), in
case of happiness mimicry, hypothesis 3 (masks
reduce facial mimicry), and, also in case of happiness
mimicry, hypothesis 5 (perceived emotion intensity
mediates the relationship between mask condition
and facial mimicry). We could not find support for
hypothesis 1a (masks reduce emotion recognition
rate) and hypothesis 4 (scene moderates the effect
of mask condition on the dependent variables).



We used embedded, naturalistic face stimuli to
assess the effect of masks on facial mimicry and
emotion perception during the COVID-19 pandemic.
Moreover, we used automated facial recognition tech-
nology to assess mimicry from videos uploaded from
the participants’ webcams. The results suggest that
automated facial recognition can be a valuable alterna-
tive to electromyography for the analysis of facial
behaviour including mimicry under conditions of
limited laboratory access (as in recurring lockdowns).

First, we replicated findings based on static stimuli
(Carbon, 2020; Grundmann et al., 2021) using natura-
listic dynamic expressions (see also Langbehn et al.,
2020). As in these studies, and in line with Hib,
expressions were perceived as less intense when the
face was partially covered with a mask. On the other
hand, participants were still able to recognise both
emotions (see also Calbi et al., 2021). Yet, reduced per-
ceived emotion intensity itself can reduce perceived
interaction quality for several reasons; for example,
the reduced perceived affect could be perceived as
inappropriate or as a rejection of the interaction
partner. Also, masks reduce the perceiver’s confidence
in their own assessment (Carbon, 2020) and may
thereby add uncertainty to the interaction. Future
research could explore to what extent these issues,
beyond mere emotion category recognition, impact
real-life social interaction, for example via experience
sampling approaches. Moreover, we found support
for hypothesis 2 in that perceived interpersonal close-
ness, a facet of interaction quality, was reduced, or dis-
tance increased, when face masks were present (cf.
Calbi et al., 2021; Grundmann et al., 2021).

Importantly, this study is the first to assess the
effects of face masks on facial mimicry. We found, in
partial support of hypothesis 3, that smile mimicry
was affected when expressers wore masks. Interest-
ingly, we found mimicry for both masked and
unmasked faces with sad expressions, suggesting
sadness mimicry may be relatively unimpeded by
masks. The reduction in smile mimicry may be attrib-
uted to two processes in particular. First, facial
mimicry depends on affiliation (Hess, 2021). If partici-
pants felt rejected by mask-wearers or otherwise con-
sider interaction partners who wear a mask to
somehow behave socially inappropriately or unex-
pectedly, they should not want to affiliate and,
hence, mimic less (Kastendieck et al., 2020). Second,
according to the mimicry in context perspective, we
mimic what we infer from facial expressions rather
than muscular patterns per se (Hess, 2021). Therefore,
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to the degree that the mask disturbs emotion percep-
tion, it should also impact on mimicry. This was
indeed what we found for happy expressions.
Mediation analysis suggested for happy expressions
that to the degree that participants perceived happi-
ness less intensely, they also showed less mimicry.

Interestingly, however, mimicry of sad expressions
was not influenced by perceived emotion intensity,
even though masks did have an impact on perceived
intensity. This may be because sadness is a strong eli-
citor of empathy. Sad expressions appeal for help and
succour (Scarantino, 2019). As such, they may also
appeal at a more basic level to the observer. To the
degree that mimicry is a path to empathy (Walter,
2012), sadness may in fact require less “verification”
of the underlying social motive. Specifically, smiles
are ubiquitous social signals of affiliation but also
can have a number of other meanings (Niedenthal
et al,, 2010). In fact, smiles may even have negative
meaning as in a smirk or when showing schaden-
freude. As such, observers may implicitly trust a sad
expression even when it is weak and unclear but hes-
itate to trust a smile expression unless it is definitely
identified as benign. This effect may be stronger in a
context in which an implicit negative attitude is
present such as when people are wearing masks,
which can increase perceived social distance.

Previous peri-pandemic studies have shown faces
on blank screens. Instead, we presented faces in
different contexts to approximate real-life encounters
as we expected the scene context to make a differ-
ence in perceived appropriateness. Although we
could not find pronounced scene effects in this
study, controlling for scene improved model fit. This
suggests that the scene accounted for some variance
and should be taken into account. Although both
actual risk and face mask use are more relevant
inside, the use of face masks is advised as well when
standing closely together outside (Asbach et al,
2020). We assumed that seeing people wearing
masks in a store versus outside would affect mimicry
differently, as we hypothesised that the mask-
wearer’s disregard for rules and consequently the per-
ceiver’s risk is higher in a context where the general
risk of transmission is increased. Our findings point
to the need for more research to explore further to
what extent evaluation of context appropriateness
based on scene-expression combinations interacts
with emotion perception and empathy.

In sum, the present study suggests that face masks
do not only reduce perceived emotion expression
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intensity, but also have an impact of an important
process in establishing warm and pleasant inter-
actions - facial mimicry of happy expressions.
Together with evidence that reduced or absent
mimicry may be harmful to social bonding (Mauers-
berger & Hess, 2019), our results suggest that face
masks may indeed complicate social interactions in
everyday life. However, it should be noted that in
real interactions people also express emotions postu-
rally and vocally and that these expressions also elicit
facial mimicry (Hawk et al.,, 2012; Kret et al., 2013). As
such, as long as people interact, they may still mimic
and maintain interactional flow.

Note

1. In addition, participants were asked to estimate the per-
ceived physical distance to the persons they had seen
(overall rating on all targets in feet and inch) and to
answer questions regarding the extent to which they
felt affected by COVID-19, whether they or someone
close to them was diagnosed with COVID-19, what
type of face mask they wear themselves during the pan-
demic, and geographical data. Descriptively, the vast
majority of participants reported that they wear masks
(community=99, surgical=87, N95/valve=3, other=8);
only three said that they do not. Similarly, participants
showed strong endorsement of the idea that it is gener-
ally reasonable to wear masks (Mean=6.38, SD=1.05,
skew=-1.85, kurtosis=3.22, 7-point scale, category
7=131 participants, cat. 6=34). In hindsight, asking
specifically for indoor and outdoor contexts might have
helped to reduce the distribution problem for this vari-
able. One fourth of participants (49/200) reported they
or someone in their immediate social circle had been
sick with COVID-19. On average, participants felt moder-
ately affected by the pandemic (Mean=4.02, SD=1.65,
skew=0.1, kurtosis=-0.93, 7-point scale). Partly due to
evident distribution issues, these variables did not mod-
erate any of the reported effects. Perceived physical dis-
tance toward the targets overall was uncorrelated with
interpersonal closeness in this sample.
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