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Impact of social context on human facial
and gestural emotion expressions

Raphaela Heesen,'** Mark A. Szenteczki,” Yena Kim,®> Mariska E. Kret,® Anthony P. Atkinson,’ Zoe Upton,’
and Zanna Clay’*

SUMMARY

Humans flexibly adapt expressions of emotional messages when interacting with others. However,
detailed information on how specific parts of the face and hands move in socio-emotional contexts is
missing. We identified individual gesture and facial movements (through automated face tracking) of
N = 80 participants in the UK, produced while watching amusing, fearful, or neutral movie scenes either
alone or with a social partner. Amusing and fearful scenes, more so than neutral scenes, led to an overall
increase in facial and gesture movements, confirming emotional responding. Furthermore, social context
facilitated movements in the lower instead of upper facial areas, as well as gesture use. These findings
highlight emotional signaling components that likely underwent selection for communication, a result
we discuss in comparison with the nonhuman primate literature. To facilitate ecologically valid and
cross-cultural comparisons on human emotion communication, we additionally offer a new stimuli data-
base of the recorded naturalistic facial expressions.

INTRODUCTION

According to the seminal work of Darwin, emotional expressions first evolved as adaptive benefits to sensory requirements in relation to the
physical world."? Viewed in this light, emotional expressions initially were cues, or inadvertent “read-outs” of internal states, which only
informed others incidentally. Their primary functions presumably were related to adaptive benefits, such as to avoid toxic substances by nar-
rowing the eyes when disgusted or to increase vision by widening the eyes during fear; the shaping of these expressions through cultural
processes was assumed to have played an auxiliary role.'” However, these adaptive benefits are too minimal to account for evolutionary sta-
bility, implying that certain emotional expressions must have undergone further selection for signaling purposes (Dezecache et al., 2013%).
Darwin’ noted that inherited expressive movements, once acquired, may be voluntarily and consciously employed as a means of communi-
cation even though they were at first involuntarily produced. For an emotional expression to have a communicative function (i.e., to be an
emotional signal rather than a cue), it should be designed to trigger a response in the receiver, whereby the response is equally designed
for the signal (see Guilford T. and Dawkins M.S." for a review on the importance of receiver psychology). A signal can usually be distinguished
from a cue as the former is subject to an audience effect, which means the signal is socially facilitated by the presence of potential receivers.®®

The presence of audience effects on emotional expressions suggests that these expressions have undergone selection for signaling func-
tions.*® Emotional cues, by contrast, lack the function to cause a reaction in the receiver, though they can still incidentally inform a receiver
witnessing the cues.® Hence, emotional cues—opposite to signals—are not expected to be facilitated by the presence of a social audience.®

Audience effects have been evidenced in humans and nonhuman animals, notably by looking at how signalers adapt emotional expres-
sions in response to the presence, size, or composition of the audience.””” Human faces have especially evolved to enhance the communi-
cative salience and transmissibility of emotion expressions in social scenarios. They have become increasingly accentuated and expressive,
evidenced by a pronounced white eye sclera, ' as well as pronounced mouth and brow coloration and shape, features which have been shown
to have communicative functions.!' This collection of visible phenotypical features allows for the expression of emotional states in different
ways, varying in degree of voluntary control.® This variation warrants an examination of how specificfacial regions may contribute to conveying
emotional messages.

Research with various human participant samples, including in the US and Japan, has revealed that discrete facial expressions, like smiles
and pain grimaces, are enhanced by the presence of an audience,”'*"" both in adults and in infants.'® Audience effects also extend to vocal
expressions of emotion, such as interjections, which are variable across cultures,'” and even to the use of virtual emoticons.”” Although audi-
ence effects for specific facial expressions, notably smiling,w7 have been demonstrated, empirical data on the kinds of facial muscles
that contribute more or less to emotion signaling is limited. Not all facial expressions might be regulated with the same level of voluntary
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control; some facial movements appear to be particularly involved in automatic and urgent survival responses such as the widening of the eyes
during fear,® whereas others play a role in the (strategic) coordination of joint action and relationships, and thus have clear signaling functions,
e.g., facial movements related to smiling."’

The idea of a dual legacy of emotional expressions as cues and signals has rarely been explored through empirical data. Preliminary ev-
idence suggests that distinct facial muscles exhibited during emotional expressions are differently affected by audience effects. For instance,
there seems to be less variation in the brow muscle regions (e.g., corrugator supercili) across audience conditions compared to muscles
related to cheek activity (e.g., zygomatic major).”" This is confirmed by neurobiological evidence, which shows that muscles in the upper
face, who receive bilateral cortical input, are linked to more reflex-like reactions compared to muscles in the lower facial areas.””** Identifying
the distinct patterns of audience effects on different facial muscles will enhance our understanding of the communicative function of specific
facial movements, fostering knowledge on the kinds of emotional expressions undergoing selection for communication.®® To address this
question in the most inclusive way, we applied an automated facial tracking algorithm to analyze audience effects on 18 visible facial muscle
movements, i.e., here referred to as “action units” (AUs), compared across valence types.

Prior to this study, facial expressions have often been assessed via manual coding, for instance by using the well-established facial
action coding system “FACS"?°, or using electromyography (e.g.,"”). Only recently, novel tools and techniques for auto-classifying and quan-
tifying AU movements have emerged in emotion expression research e.g., FaceReader.”® Here, we used “OpenFace” (https://github.com/
TadasBaltrusaitis/OpenFace), a free open-source program capable of automatically detecting 18 AUs, eye gaze, and head pose from video
recordings.”’ It permits a high accuracy in detecting AU activity and intensity and thus to replace manual coding methods, which are
laborious and subject to coding errors and subjective assessment. OpenFace utilizes a pre-trained convolutional neural network, meaning
that analyses can be efficiently carried out on a standard consumer computer without the need for graphics processing unit (GPU) acceler-
ation.”” In addition to producing an overall AU expressivity analysis, this algorithm allowed us to specifically identify individual AUs prone to
be affected by audience effects.

Moreover, our study goes beyond facial expressions only. In the past, the majority of emotion studies focus on facial expressions, ignoring
other modalities involved in the communication of affective states,”® though advances have been made to determine the dual impact of
bodily and facial expressions on emotion recognition based on posed actor expressions.”” Although vocalizations,*® body postures,
and facial expressions® of emotions are relatively well-studied, emotion communication via spontaneous gestures remains an especially
understudied field of research.*® This gulf of evidence is surprising, especially since nonverbal body movements greatly contribute to the
effective communication of emotions.®”® Notably, hand gestures promote a better understanding in both non-verbal and verbal communi-
3740 and appear to be deeply interconnected with emotion perception,*’™ even more so when combined with facial expressions.**
Research has demonstrated that spatially narrow gestures are perceived as more emotionally intense than wide gestures; however, the type of
hand movements (i.e., iconic or non-iconic) appears to be irrelevant for emotion processing.” Despite the fact that human communication
5% the lack of evidence on gesture

cation

has evolved as a multimodal system, with a significant role of visual signals especially in the early stages,
production in relation to emotionality warrants further investigation.

The first goal of this study (part 1) was thus to identify audience effects on hand gestures and facial expressions in response to different
emotion-inducing stimuli. To this end, we conducted an online experiment, in which we video-recorded participants based in the UK via
their webcams while watching popular movie scenes of different valence types (amusing, fearful, or neutral) either alone (alone condition)
or with another familiar person (social condition) through the online platform gorilla.sc. Assuming that emotional expressions have a
communicative function, our first prediction was that the presence of an audience will overall have a facilitatory effect on facial and gestural
expressions of emotion. This implies that facial and gestural movements contributing to emotional signaling should increase in frequency
and intensity as a function of audience presence, while those contributing to emotional cues should remain unaffected in this respect. This
first global analysis seeks to investigate an effect of social audience on overall facial expressivity based on averages of AU activity and
intensity across all 18 AUs.

As a second step, we examined specific facial movements to assess audience effects at the scale of individual AUs. Both types of analyses
(audience effects on the whole face and specific facial regions) are crucial because, in terms of emotion signaling, the face can be perceived as
a whole (all AUs) or attention can be directed at specific facial regions like the mouth, nose, or eyes.*’ This is often the case when people
perceive dynamic facial expressions, suggesting an information-seeking and functional process of gaze allocation and face processing (refer
V& M.L-H. et al.”®). Importantly, some facial regions appear to be more diagnostic in terms of the perception of particular emotions than
others. While the eyes play a role in the decoding of anger, regions in the lower part of the face, such as the mouth, nose, and jaw appear
to play a role for emotions, such as happiness, disgust, or surprise.”’ Recognition of emotions is also affected by viewing distance: expressions
related to smiling and surprise, which appear to be most accurately decoded based on attention to lower facial regions,”” are more success-
fully transmitted at larger distances compared to expressions related to sadness.”” These studies—along with more recent ones™—demon-
strate that specific regions or features of facial expressions can be perceived differently depending on various factors including viewing dis-
tance, emotional category, as well as cultural background and social context, altogether stressing the importance of considering multiple
facial regions and social factors when studying how faces move in socio-emotional situations.

In terms of individual facial movements during emotional experiences, we specifically expected stronger audience effects on lower
compared to upper facial regions: in emotional settings, AUs in the lower facial areas may be enhanced in the social compared to the alone
condition, while AU movements around the eyes or brows may be less socially modulated. This assumption is in line with neurobiological
evidence suggesting that muscle movements in the lower part of the face are associated with contralateral cortical representations, whereas

2 iScience 27, 110663, November 15, 2024


https://github.com/TadasBaltrusaitis/OpenFace
https://github.com/TadasBaltrusaitis/OpenFace

iScience ¢? CellPress
OPEN ACCESS

Table 1. Descriptive summary statistics of dependent variables

Neutral Amusement Fear

Social Alone Social Alone Social Alone
Dependent variable mean SD mean SD mean SD mean SD mean SD mean SD
AU intensity (score 1-5) 0.20 0.19 0.18 0.19 0.30 0.22 0.27 0.22 0.25 0.20 0.22 0.24
Gesture use (binary) 0.10 0.30 0.03 0.16 0.29 0.45 0.17 0.38 0.35 0.48 0.19 0.39

Note. AU scores are summarized from Tables S5 (see “output” folder on our GitHub page); gestures are summarized from alone.txt and social.txt (see “input”
folder on our GitHub page). Results on AU activity can be found in Table S7.

muscle movements in the upper part of the face have bilateral cortical representations.””** Such findings point to greater volitional control
associated with the lower part of the face compared to the upper part, a pattern that could lead to differential activity in facial muscles depen-
dent on the emotional and social setting.

Distinct facial regions may thus have evolved to serve unique roles in emotion communication, with a nuanced selection process tailored to
the specific functions of each facial area. This hypothesis is supported by research on emotion perception® but is less explored based on
spontaneous expressions of emotions in social interaction. Here, we examined this hypothesis through new data on naturalistic facial expres-
sions of expressions in social and solitary situations. To verify that expressions correspond to emotional responding, we further verified
whether emotional expressions are more likely following emotional compared to neutral movie scenes.

In terms of valence, former research revealed that people express emotions differently depending on the valence of the expression as well
as social context.”’ For instance, Lee and Wagner showed that participants exhibited more positive emotion expressions while talking about
positive personal experiences in social compared to solitary settings; by contrast, when talking about negative experiences, they produced
less negative emotion expressions in social compared to solitary settings. The authors interpreted these patterns as evidence of social display
rules, implying that it is not appropriate to reveal negative emotions in front of others. We inspected this hypothesis by looking at interaction
effects between valence and audience conditions on outcomes of AU movements and gesture use, with stronger evidence of social facilita-
tion for positively valenced stimuli (i.e., movie scenes targeting amusement) compared to negatively valenced ones (i.e., movie scenes target-
ing fear).

Finally, to generate stimuli sets of spontaneous, naturalistic emotion expressions for future studies, our secondary goal (part 2) was to pro-
duce a database based on the recorded facial expressions. Integrated within a larger project on cross-cultural and cross-species comparisons,
we hope that the findings and stimuli from the current study will help facilitate our understanding of how human emotion communication
evolved and to which extent emotion expressions are affected by social processes and vary across cultures. A great bulk for the former
emotion perception research involves actor-posed emotion expressions®>® (refer Atkinson A.P. et al.>"), yielding a lack of authentic data
based on naturalistic facial emotion expressions. Part 2 of our study thus focused on assembling the recorded facial expressions in an acces-
sible database, grouped by audience and valence conditions, in the effort to promote more ecologically valid emotion research by deliver-
ance of naturalistic stimuli.

RESULTS

Descriptive summary statistics of all tested outcome variables are presented in Table 1.

Audience effects on facial movements

Although there was a tendency for AUs to be used more intensely in the social compared to the alone condition, there was no robust
audience effect on overall facial expressivity (i.e., all AUs; estimated mean of posterior distribution [b] = 0.55, SD = 0.46, 95% credible in-
terval “Crl" [-0.36, 1.47], probability of direction [pd] = 88.86%), see Figure 1A and Table S6. There was also no evidence of an interaction
between conditions and valence types (Figure 1A) and no effect of covariates (movie familiarity, ethnicity, and gender), see Table Sé6. Con-
firming emotional responding, AUs were generally more intensely displayed when participants viewed emotional scenes compared to
neutral ones (neutral vs. fear: b = 0.65, SD = 0.18, 95% Crl [0.29, 1.01], pd = 99.96%; neutral vs. amusement: b = 0.33, SD = 0.18, 95%
Crl [-0.02, 0.68], pd = 96.63%), see Figure 1A and Table Sé.

Next, we zoomed in on the face and examined variation in AU intensity for individual AUs as a function of condition (Figures 2 and 3). The
results mirror those for AU activity (Table S8; Figure S4): AUs in the lower part of the face including the mouth (AU10, AU12, AU15, AU20, and
AU25), the cheeks (AU6) and jaw (AU26) were used more intensely in the social compared to the alone condition (although note that for AU10
and AU26, significance was only reached for AU activity). On the contrary, AU intensity (and similarly AU activity) related to the eyes was less
variable across conditions (e.g., AU1, AU2, AU4, AU5, and AU7). For certain AUs related to the eyes (AU45), there was more intense activation
when participants were alone compared to when with others. The remaining AUs had no significant variation across conditions (Figure 2). For
further details regarding audience effects across valence types, see supplemental text S3.

In terms of AU activity, results revealed the same patterns as for AU intensity, both at the level of the whole face as well as individual AUs
(see supplemental text S2, Tables S6-S8; Figures S1, S3, and S4).
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Figure 1. Graphical summary of the results of Bayesian mixed model analyses

(A and B) Model estimates for AU intensity (A) and gestures (B). Note*. Uncertainty intervals from MCMC draws with all chains merged for model 2 (AU intensity, A)
and model 3 (gestures, B). Points denote posterior means, inner bands correspond to the 80% credible intervals (Crls), and the outer fine-lined bands correspond
to the 95% Crls. Plots only depict variables relevant for prediction testing; see Table Sé for results on covariates. Results on AU activity can be found in Figure S3.

Audience effects on gestures

Hand gestures (ethogram in Table S2) were substantially more likely used in emotional scenes compared to neutral ones (neutral vs. amuse-
ment:b =2.75,SD = 0.96, 95% Crl[0.92, 4.72], pd = 99.69%; neutral vs. fear: b = 3.00, SD = 0.96, 95% Crl [1.15, 4.97], pd = 99.86%), see Figure 1B
and Table S6. Most importantly, the observed hand gestures were more likely produced in the social compared to the alone condition (b =
1.66, SD = 0.87, 95% Crl [0.00, 3.42], pd = 97.37%), suggesting the presence of an audience effects on this rarely assessed emotional signaling
component (Figure 1B). There was no evidence of an interaction between condition and valence types on gesture use (Figure 1B) and no clear
effects of covariates (movie familiarity, ethnicity, and gender), see Table Sé.

DISCUSSION

The primary objective of this study was to examine variation in facial and gestural emotion expressions as a function of audience presence and
the valence of eliciting movie stimuli. Although previous research investigated audience effects on discrete emotional facial expressions, such
as smiling'”*""*° and frowning,'? the communicative functions of specific facial muscles as well as of gestures remain underexplored. Such
evidence, however, is important for at least two major reasons. First, neurobiological evidence shows that not all facial muscles equally
contribute to emotion signaling: humans appear to have greater voluntary control over the lower compared to upper facial areas when ex-
pressing emotions,”” > suggesting that distinct emotional facial movements can be linked to the production of emotion cues (contributing
inadvertent expressions) and signals (contributing to socially designed expressions).> And although facial expressions have been studied for
centuries,” details about which facial parts serve communicative purposes related to the production of emotional messages still need to be
attested through careful empirical investigation. Second, most previous studies have investigated facial expressions,”® while knowledge on
the communicative function of emotional body signals,”® especially hand gestures, is still limited. To enhance knowledge on multimodal
emotion communication, more data is required on other signal components in addition to (or in combination with) facial expressions.

Here, we thus tested the hypothesis that the social audience facilitates the overall expressivity of emotions via hands and face and that
specific facial areas are variably affected by audience effects when emotional messages are communicated. In line with neurobiological ev-
idence,””** we expected audience effects especially in the lower compared to the upper part of the face. A secondary goal of the study was to
establish a database of naturalistic expressions of emotion, a rare and much needed contribution in the emotion literature, which is heavily
biased by posed actors’ emotion expressions often rated as unauthentic and non-genuine.*
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Figure 2. Summary of results on individual AU use (AU activity and intensity combined) across audience conditions, drawn from Table S8
Note*. Shows which AUs have been more actively and/or intensely used in the social or alone condition and for which AUs there were no differences in activity
and/or intensity across conditions (“no difference”).

Counter to the primary prediction regarding audience effects on facial emotion expressions, the results revealed no general increase of
overall facial expressivity in social versus alone settings (see Figure 4 for an overview of key predictions and results). However, when zooming in
on the face and looking at individual AUs, we found audience effects on AU activity and intensity in the lower but not the upper facial parts
(Figure 4). Likewise, participants produced more hand gestures in the social compared to the alone condition, revealing a hitherto undocu-
mented audience effects on such forms of nonverbal emotion expressions. Given that the literature has only recently started to investigate
forms of non-verbal emotion expressions like hand gestures,* our result of audience effects on gestures represents an important novel
finding. It dovetails with former reports on emotion perception, which emphasize that it is especially hand gestures (more so than arms)
that play a crucial role in emotion recognition.”* Our interpretation that the observed facial and gestural movements reflect emotional expres-
sions is supported by the finding that these variables were enhanced during emotionally charged movie scenes as compared to neutral ones,
especially when comparing fearful with neutral movie scenes.

As noted, the lack of evidence of audience effects on the whole face was counter to our prediction of the communicative function of
emotion expressions. Research generally shows that facial movements increase when people are surrounded by others,” even when the
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Figure 3. Heatmap of facial expressivity as per AU intensity grouped by condition and valence type

Note*. Boxplots with intensity ranges for each AU can be found in Figure S2. Greater average intensity of facial muscle activity is indicated in form of darker tones.
Includes AUs used in model 2, except AU45, which could not be visualized in Py-Feat. To aid visualization, the most prominently used AUs are tagged in the small,
encircled window on the right side of the plot.

audience is imagined.”’>> However, our follow-up analysis provided more nuances to the formerly reported general audience effects. Corrob-
orating neurobiological evidence, our findings showed that people move lower parts of the face more often and more intensely when
emotional in social settings, suggesting variation of how distinct facial muscles contribute to emotion signaling (i.e., nevertheless, overall in-
tensity scores were low, see Figure S2). The fact that AUs linked to the mouth, cheeks, and jaw were more intensely used in the social
compared to the alone condition, while other parts were equally deployed regardless of the condition (i.e., AUs around the eyes and brows),
suggests that emotion signals may be predominantly generated by mouth, jaw, and cheek movements, while emotion cues could be more
tied to eye regions. What could explain this pattern, and what are the implications for our understanding of human emotion signaling, and
possibly how it evolved?

According to influential theories, emotional expressions initially evolved as adaptive benefits to sensory requirements in relation to the
physical world."” Nevertheless, not all expressions might be regulated with the same level of voluntary control, and some may have been
further selected for signaling purposes,® evidenced by expressions being subject to audience effects.® Certain facial movements might
be particularly involved in automatic and urgent survival responses where a clear and unambiguous signal is needed such as the widening
of the eyes during fear,® while others such as smiling, play a role in the strategic coordination of joint action and social relationships.”’°

Key predictions Average of all AU movements Hand gestures

Global expressivity
analysis:

Audience effects lead
to an increased use
of emotional facial

and gestural
movements.

Individual AU analysis:

Audience effects are
more evident in lower
parts of the face,
compared to the
upper part.

Figure 4. Findings in relation to key predictions concerning audience effects on emotional face and gesture movements
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Figure 5. Image excerpts across valence types of a participant during our online experiment with examples of applied OpenFace tracking
The participant provided consent for their image to be used.

Our findings suggest greater social facilitation of mouth, cheek, and jaw movements on the one hand, and less socially modulated
movements of eye or brow movements on the other, when humans are communicating emotional messages. When applying the notion
of signals and cues, it could be possible that facial movements in the upper face contribute to genuine emotion cues with relatively less
voluntary control e.g.,%" while facial movements in the lower face are more likely to serve as voluntary emotion signals or “tools” for social
influence.® Our findings also match records of previous studies, showing less variation in the brow muscle regions (e.g., corrugator super-
cili) across audience conditions compared to muscles related to cheek activity (e.g., zygomatic major).?' Indeed, evidence from neuro-
biology shows that muscle movements in the lower facial areas correspond to contralateral cortical representations, whereas muscle
movements in the upper face are associated with bilateral cortical representations, implying a greater level of voluntary control exerted
over the lower compared to the upper face.”** Emotion expressions surrounding the mouth, cheeks, and jaw thus possibly have under-
gone a different selection for communication than other parts, a hypothesis that deserves further empirical assessment, for instance
through comparative research with our close primate relatives. It is important to note however that, although we find this pattern of facial
movements for emotional expressions, this does not necessarily hold for communication per se; when compared to the evidence on facial
movements in natural conversation, eye blinks and brow movements appear to play a role, for instance to clarify misunderstandings or to
provide feedback of understanding.®”“° The degree to which specific parts of the face are used during conversation in affectively neutral
versus emotionally charged scenarios would be an interesting avenue for future research.

It is noteworthy though that our data does not allow us to illustrate the multi-purpose and combinatorial impact of the studied expression
organs. For instance, the mouth and eyes obviously have multiple functions beyond communication. While being relevant in expressing
emotional messages in social settings, the mouth also is involved in eating, tasting, manual manipulation of objects, and removal of any
potentially harmful/toxic substances. Apart from any non-communicative roles, facial expressions (and gestures) can also be combined
with other movements (e.g., head tilting) to communicate emotional messages, something that is worth being scrutinized further in future
research. For instance, one could test whether comprehension of spontaneous emotional facial movements changes depending on whether
(and how) they are combined with movements of other communication organs.

Interestingly, among many nonhuman primate species, notably our closest living ape relatives—bonobos (Pan paniscus) and chimpanzees
(Pan troglodytes)—the mouth region appears to exhibit most flexibility in terms of emotional expressivity. The mouth is used to communicate
a variety of emotional states, including fear and nervousness e.g., the bared-teeth face,**” playfulness e.g., the play face,*® aggression e.g., the
threat face,” and affiliation e.g., the pout face.” Viewed through an evolutionary lens, greater variation in primate facial movements around the
mouth may have been favored as they are more conspicuous than eye movements, especially as most primate sclerae are pigmented,®” whereas
gums are pink.” Indeed, tufted capuchin monkeys (Sapajus apella) discriminate “open-mouth threats” from neutral expressions more accurately
than “scalp lifts” (i.e., lifting of eyebrows).”” The authors assumed that exposed teeth in open-mouth threats are more easily recognizable than
the lifting of eyebrows due to greater saliency.”” Research in chimpanzees also shows that visible AU changes are primarily related to the mouth,
e.g., AU12 and AU24 and less to the eye or brow region, e.g., AUT, AU2, and AU4.”" While the eyes may still contribute to the production of
emotional messages, e.g., lifting of eyebrows in capuchins,”” eye movements nonetheless appear to remain relatively subtle (and more static)
compared to the salient and flexible movements of the mouth—a question worth exploring through further comparative research.

In terms of valence, we further tested whether audience effects are more apparent in humans when watching amusing vs. fearful
scenes (i.e., when compared to neutral baseline scenes). Former research showed that participants exhibit more positive emotion
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expressions when talking about positive experiences in a social compared to solitary setting.”" In turn, when reporting about negative
experiences, they produce less negative emotion expressions in a social compared to solitary setting. The authors interpreted these pat-
terns as evidence of social display rules, where it is not appropriate to reveal negative emotions in front of others, especially strangers.
Our analysis, however, did not support this, as we found no interactions between audience conditions and valence types for facial ex-
pressions. This could have to do with the social relationships between our participants and their partners. Our participants were always
matched with a familiar person (i.e., friend, family member, romantic partner) and never with strangers. Lee and Wagner's®' participants
were matched with strangers, thus display rules may have been facilitated in their study but not in ours. Future studies may further
explore diverse audience effects by looking at emotional expressivity in participants matched with close persons vs. strangers or with
a person of lower and higher societal status relative to themselves. In addition to social display rules, the literature also demonstrated
effects of cultural background on emotion expressions and perception.””””* There is evidence that the processing of emotional facial
expressions (e.g., intensity-wise and categorically) differs across western and eastern cultural gradients.®® Collectivist cultures exhibit
a more holistic and contextual processing of emotional expressions compared to cultures characterized by independence.”® In our study,
cultural variation was not specifically investigated, although we also found no effects of factors like ethnicity (or gender). One reason why
we did not find such effects could be that all our participants, even though having different ethnicities, were living and studying in the UK
and most were women (more details in "Limitations of the Study"). Although we do not know in which country of origin they were orig-
inally raised, they now live in an international academic environment with a shared western cultural background and access to the same
social/media culture.

Regarding gestures, there was evidence that hand gestures like covering the mouth/eyes or touching a part of the face were used more
frequently when viewing emotional compared to neutral scenes and subject to audience effects. Participants may be somewhat conscious
about their emotional expressions, which they attempt to either attenuate or make more conspicuous in social settings by using their hands
to touch, cover, or otherwise animate the respective facial expressions. Although we cannot clarify the precise function of hand gestures in this
study, and neither the level of intentionality underlying the production of such gestures, future research could investigate whether gestures
are used as means to suppress or exaggerate emotional expressions in specific social contexts, thus to provide additional contextual infor-
mation and redundancy. It is noteworthy that our definition of gestures follows that by Novack et al., page no. 339,”® being defined as “move-
ment that represents action but does not literally act on objects in the world”. We thus excluded gestures that served practical purposes. In
several studies looking at audience effects on hand movements,”’ " the focus is on the effect of social context on hand movements with pur-
pose, e.g., the “reaching-to-grasp” an object.”””*#" This does not represent communication in the definition we followed here.”’® Other
studies® investigated the perception of emotions from bodily cues yet not stemming from spontaneous production. Hence, while there is
research on perception of bodily emotion cues®* ™
and form of spontaneous affective gestures, something we tackled in this study and which has rarely been investigated before (but see Asa-

or speech-accompanying gestures,’® there is a major lack of evidence on the variety

lioglu E.N. and Goksun T.*%). Our findings expand the growing literature on how emotional messages are equally, if not more clearly, commu-
nicated by bodily behaviors,” ¥ calling for more multimodal research in a field heavily biased by findings on facial expressions.”® Comple-
menting other research, our work emphasizes the role of both the face and hands in transmitting emotional messages to others. We hope
emotion research will continue to maintain an integrative look and focus on multimodal analyses of emotion communication.

Limitations of the study

First and foremost, although our sample included ethnicity and gender as covariates, the majority of our sample included white women (92.5%)
who studied in the UK. Our sample was not restricted to women, as there was no goal of testing a specific gender, but by chance mostly women
had signed up to participate. Thus, our results are mainly representative for younger academic women from a Western, Educated, Industrialized,
Rich, and Democratic (“WEIRD")*® population. To attest the universality of our findings, future research shall apply our methodology to a broader
cultural and gender spectrum to promote socio-economic and gender diversity as well as cross-cultural data; until this question is solved, we can
only draw conclusions on a restricted human sample from the UK. More data from other cultures is necessary to verify whether the patterns found
reflect an evolved trait unique to emotion signaling in humans or a culturally varied form of emotion communication.

One could further argue that any communicative expressions of the mouth regions are affected by speech acts. Yet, as outlined in our
methods supplemental text S1, we can safely exclude such an effect on facial expressivity. Additionally, as stated in the FACS manual
page no. 357,%7 AUs 17, 23, and 28—which represent AUs around the mouth—are related to facial expressions of emotions as well as speech
acts, which means one would have expected these to be more intensely used during the social compared to alone condition, especially as
they serve language use. However, our data showed that this was not the case (see Figure 2). Our data also revealed that some AUs around the
mouth were more active during the social (compared to alone) condition, but these are not involved in normal speech acts as stated by Ekman
et al. (e.g., AU15 and AU12). These lines of evidence suggest that our findings have not been affected by speech acts.

Moreover, as a limitation of our study, we note that participants sat next to one another rather than facing each other. One may argue that
“true” audience effects comprise the element of being watched by another person, not just their presence.” This could have affected the way
people express their emotions and thus could have produced variation in AU movements. Additionally, one may argue that the audience
effects observed especially around lower facial areas could have been facilitated by the fact that participants had a peripheral vision of their
partner’s expressions; we cannot exclude the possibility that a face-to-face setup would have led to a reduced saliency of these reported
effects. However, it is important to note that participants directly gazed at their partner in on average 15% of all trials in the social condition
(N = 480 trials). Although it certainly was an important factor, peripheral vision per se could thus not have explained all our results. In natural
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conversation, especially in group settings, peripheral andfrontal vision of expressions naturally interchanges, and we presume that expression
saliency may be constantly adapted as a function of perceptual variation. In terms of audience effects generally, the sheer opportunity to be
looked at during the trial was likely sufficient to induce the feeling of “being seen” or for signals to be received. Audience effects on facial
expressions have been shown to still happen even when people are not directly facing others, and at the extreme level, even when they
feel observed by imagining another person.””' To determine the generalizability of our findings regarding audience effects on emotional
facial expressions and gestures, future research may expand this study by adding different body configurations, comparing for instance
face-to-face with side-by-side setups.

Lastly, one may argue that our facial analyses are limited as OpenFace is limited in its detection of 18 AUs. To what extent do these 18 AUs
account for all facial movements in the participants’ faces? Our study represents a more inclusive analysis of AUs in comparison to previous
studies looking at specific expressions, such as smiling'”"" or fear grimaces, often without systematic AU analyses.'” The 18 AUs examined in
this study correspond to those AUs relevant for facial expressions during amusement, fear, and/or pain-related experiences, including notably
AU1,4,6,7,9,10,12,15, 20, 25, and 26.”" Specifically, our AU range comprises all relevant AUs active during fearful expressions (AU1, 2, 5, 20,
and 25) and the majority of AUs active during positive affect/laughter (AU, 12, 10, 20, 25, and 26); see Kret M.E. et al..? for review. The only
exceptions are specific AUs often combined with others, which could not be detected by OpenFace, including AU19 (tongue show), AU27
(mouth stretch), or AU16 (lower lip depressor).ag It is noteworthy; however, that AU27 often co-occurs with AU25 and AU26, which are
both encoded by OpenFace.®” Additionally, AU16 often co-occurs with AU25,%7 the latter being likewise detected by OpenFace. AU19 is
an exceptional AU, which Ekman and colleagues refer to in Chapter 8°7 (miscellaneous actions and supplemental information), and is among
with others (e.g., neck tightener [AU21] and nostril dilator [AU38]) rarely studied in facial emotion expression research. Therefore, we find that
our analysis captures the most important facial movements related to the attested valence types of amusement and fear.® Nonetheless, we
acknowledge that a comprehensive analysis including all possible AUs (and how they are affected by social presence) cannot be provided
here, something which we hope will be facilitated in the future through improvements in automated detection systems like OpenFace.

Conclusion and outlook

Our data, based on a UK-based sample, have shown that human facial and gestural emotion expressions are subject to audience effects but
that this pattern is more nuanced than expected for facial expressions, insofar as not all parts of the face are equally affected by audience
conditions. Corroborating evidence from neurobiology”* and the primate communication literature, our findings suggest that emotional ex-
pressions in lower parts of the face, more so than the upper parts, appear to have undergone stronger selection for communication at least in
the great ape lineage. This idea provides relevant future avenues for empirical testing, insofar as studies may explore the evolutionary origins
| “signals” and “cues” through comparative research with humans and our closest living ape relatives. A more nuanced pattern on
how faces move during emotional communication provides knowledge of which kind of facial areas are linked to social signaling, thus possibly
involving more cognitive control. This, as a consequence, can provide important insights into how hominin emotion expressions evolved,
especially via comparisons with great apes. Identifying which expressions are more socially driven by voluntary flexible control can inform
on the evolution of intentional communication, which plays a crucial role in coordinating joint actions. Our contribution thus ultimately lever-
ages knowledge on the specific communication organs/areas that contribute most to the emotion communication of emotions in humans,
and when compared to other primates, the degree to which these patterns may (or may not) be uniquely human.

Although our study highlights that social presence can be used as an experimental variable to probe facial movement responses and thus
to infer which movements contribute to signals vs. cues, there are still many unanswered questions regarding audience effects on emotional
expressions. For instance, future studies could look into variation in facial and gestural emotion expressions as a function of audience size and
composition.” Additionally, one may inspect in greater detail how presumed emotion “signals” and “cues” vary across cultures, especially
since most research, including ours, focuses on WEIRD populations. Human data from various cultures may further be compared with respec-
tive evidence from the primate literature” to inform on evolved versus culturally acquired features of emotion communication in humans.

Given the attested impact of gestures in emotion signaling, our study further stresses the importance of multimodal emotion research,
specifically to investigate more expression organs than just the face.””® Going beyond expression analyses, we have provided a naturalistic
facial expression database, which we hope can be used in future research to produce cross-cultural comparisons as well as to examine the
perception of emotional “cues” versus “signals.”

Moreover, we hope that our automated facial tracking method (e.g., see Figure 5) will serve as a guidance to identify facial behavior from
video recordings of fast-paced, natural interactions. Drawing on the OpenFace algorithm, our study provides a guide for systematic analyses
on spontaneous facial movements (vs. a priori determined basic emotion expressions) in humans, something that is urgently needed as most
other programs are highly costly and/or rely on unknown algorithms that in some cases cannot be verified.””

Finally, we have produced a naturalistic emotion expression database, which we hope could provide stimuli for emotion studies based on
spontaneous rather than posed expressions. Such an advance is urgently needed in the field of emotion research and will leverage important
knowledge of emotion expressions and recognition across cultures.”” We hope this advance could benefit the emotion expression and
perception literature, insofar as it offers a more authentic analysis of how faces move in social situations, as well as how such processes
are perceived by recipients.

In sum, our paper brings about three novel advances, which we hope will enrich future research on emotion expressions in human social
interaction: a naturalistic database, appliance of a novel automated tracking technique for the study of naturalistic facial behavior, and more
nuanced empirical findings on how faces and hands move in socio-emotional scenarios.

of emotiona

iScience 27, 110663, November 15, 2024 9




¢? CellPress

OPEN ACCESS

iScience

STARXxMETHODS

Detailed methods are provided in the online version of this paper and include the following:

o KEY RESOURCES TABLE
o RESOURCE AVAILABILITY
O Lead contact
O Materials availability
O Data and code availability
o EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS
O Institutional permission
O Participants
o METHOD DETAILS
O Design
O Stimuli
O Procedure
o QUANTIFICATION AND STATISTICAL ANALYSIS
O Statistical analyses of audience effects (part 1)
O Creation of the naturalistic emotion database (part 2)

SUPPLEMENTAL INFORMATION
Supplemental information can be found online at https://doi.org/10.1016/].isci.2024.110663.

ACKNOWLEDGMENTS

We would like to thank Goretti Hortado-Barbeito and Nina Coetzer for their help in preparing the stimuli for the naturalistic emotion data-
base. We thank Ludovico Formenti for sharing his idea to visualize facial expressions using anonymous heatmaps. This research was funded by
the UKRI- ESRC-Open Research Area (grant ES/S015612/1), awarded to Z.C., M.E.K,, and A.P.A.

AUTHOR CONTRIBUTIONS

R.H. was responsible for conceptualization, data curation, formal analysis, investigation, methodology, project administration, supervision,
visualization, writing of the original draft, and review & editing; M.A.S. for formal analysis, methodology, software, visualization, writing of
the original draft, and review & editing; Y.K. for review & editing; M.E.K. for conceptualization, funding acquisition, and review & editing;
A.P.A. for conceptualization, funding acquisition, and review & editing; Z.U. for investigation and methodology; Z.C. for conceptualization,
data curation, funding acquisition, project administration, supervision, and review & editing.

DECLARATION OF INTERESTS

The authors declare no competing interests.

Received: July 11, 2023
Revised: July 9, 2024
Accepted: July 31, 2024
Published: August 3, 2024

REFERENCES

1.

Susskind, J.M., Lee, D.H., Cusi, A., Feiman, R.,
Grabski, W., and Anderson, A.K. (2008).
Expressing fear enhances sensory
acquisition. Nat. Neurosci. 11, 843-850.
https://doi.org/10.1038/nn.2138.

. Darwin, C. (1872). The Expression of the

Emotions in Man and Animals (John Murray).

. Zuberbihler, K. (2008). Audience effects.

Curr. Biol. 18, R189-R190. https://doi.org/10.
1016/j.cub.2007.12.041.

. Crivelli, C., and Fridlund, A.J. (2018). Facial

displays are tools for social influence. Trends
Cogn. Sci. 22, 388-399. https://doi.org/10.
1016/J.TICS.2018.02.006.

Biobehav. Rev. 115, 378-395. https://doi.org/
10.1016/j.neubiorev.2020.01.027.

. Heesen, R, Austry, D.A., Upton, Z., and Clay,

Z.(2022). Flexible signalling strategies by

victims mediate post-conflict interactions in
bonobos. Philos. Trans. R. Soc. Lond. B Biol.
Sci. 377, 20210310. https://doi.org/10.1098/

3. Dezecache, G., Mercier, H., and Scott- . Buck, R., Losow, J.I., Murphy, M.M., and RSTB.2021.0310.
Phillips, T.C. (2013). An evolutionary Costanzo, P. (1992). Social facilitation 10. Kobayashi, H., and Kohshima, S. (1997).
approach to emotional communication. and inhibition of emotional expression and Unique morphology of the human eye.
J. Pragmat. 59, 221-233. https://doi.org/10. communication. J. Pers. Soc. Psychol. 63, Nature 387, 767-768. https://doi.org/10.
1016/J.PRAGMA.2013.06.007. 962-968. https://doi.org/10.1037/0022-3514. 1038/42842.

4. Guilford, T., and Dawkins, M.S. (1991). 63.6.962. 11. Tipples, J., Atkinson, A.P., and Young, A.W.

10

Receiver psychology and the evolution of
animal signals. Anim. Behav. 42, 1-14. https://
doi.org/10.1016/50003-3472(05)80600-1.

iScience 27, 110663, November 15, 2024

. Kret, M.E., Prochazkova, E., Sterck, E.H.M.,

and Clay, Z. (2020). Emotional expressions in
human and non-human great apes. Neurosci.

(2002). The eyebrow frown: A salient social
signal. Emotion 2, 288-296. https://doi.org/
10.1037/1528-3542.2.3.288.


https://doi.org/10.1016/j.isci.2024.110663
https://doi.org/10.1038/nn.2138
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref2
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref2
https://doi.org/10.1016/J.PRAGMA.2013.06.007
https://doi.org/10.1016/J.PRAGMA.2013.06.007
https://doi.org/10.1016/S0003-3472(05)80600-1
https://doi.org/10.1016/S0003-3472(05)80600-1
https://doi.org/10.1016/j.cub.2007.12.041
https://doi.org/10.1016/j.cub.2007.12.041
https://doi.org/10.1016/J.TICS.2018.02.006
https://doi.org/10.1016/J.TICS.2018.02.006
https://doi.org/10.1037/0022-3514.63.6.962
https://doi.org/10.1037/0022-3514.63.6.962
https://doi.org/10.1016/j.neubiorev.2020.01.027
https://doi.org/10.1016/j.neubiorev.2020.01.027
https://doi.org/10.1098/RSTB.2021.0310
https://doi.org/10.1098/RSTB.2021.0310
https://doi.org/10.1038/42842
https://doi.org/10.1038/42842
https://doi.org/10.1037/1528-3542.2.3.288
https://doi.org/10.1037/1528-3542.2.3.288

iScience

20.

21.

22.

23.

24.

25.

26.

27.

. Yamamoto, K., and Suzuki, N. (2006). The

Effects of Social Interaction and Personal
Relationships on Facial Expressions.

J. Nonverbal Behav. 30, 167-179. https://doi.
org/10.1007/510919-006-0015-1.

. Hess, U., Banse, R., and Kappas, A. (1995).

The intensity of facial expression is
determined by underlying affective state and
social situation. J. Pers. Soc. Psychol. 69,
280-288.

. Chovil, N. (1991). Social determinants of facial

displays. J. Nonverbal Behav. 15, 141-154.
https://doi.org/10.1007/BF01672216.

. Fridlund, A.J., Kenworthy, K.G., and Jaffey,

A K. (1992). Audience effects in affective
imagery: Replication and extension to
dysphoric imagery. J. Nonverbal Behav. 16,
191-212. https://doi.org/10.1007/
BF00988034.

. Bavelas, J.B., Black, A., Lemery, C.R., and

Mullett, J. (1986). “I show how you feel”:
Motor mimicry as a communicative act.

J. Pers. Soc. Psychol. 50, 322-329. https://doi.
org/10.1037/0022-3514.50.2.322.

. Kraut, R.E., and Johnston, R.E. (1979). Social

and emotional messages of smiling: An
ethological approach. J. Pers. Soc. Psychol.
37, 1539-1553. https://doi.org/10.1037/0022-
3514.37.9.1539.

. Jones, S.S., Collins, K., and Hong, H.-W.

(1991). An Audience Effect on Smile
Production in 10-Month-Old Infants. Psychol.
Sci. 2, 45-49. https://doi.org/10.1111/}.1467-
9280.1991.tb00095.x.

. Goddard, C. (2014). Interjections and

Emotion (with Special Reference to
“Surprise” and “Disgust”). Emot. Rev. 6,
53-63. https://doi.org/10.1177/
1754073913491843.

Derks, D., Bos, A.E., and Grumbkow, J.v.
(2007). Emoticons and social interaction on
the Internet: the importance of social context.
Comput. Hum. Behav. 23, 842-849. https://
doi.org/10.1016/J.CHB.2004.11.013.
Fridlund, A.J. (1991). Sociality of Solitary
Smiling: Potentiation by an Implicit Audience.
J. Pers. Soc. Psychol. 60, 229-240. https://doi.
org/10.1037/0022-3514.60.2.229.

Recio, G., Shmuilovich, O., and Sommer, W.
(2014). Should I smile or should | frown? An
ERP study on the voluntary control of
emotion-related facial expressions.
Psychophysiology 51, 789-799. https://doi.
org/10.1111/psyp.12220.

Korb, S., and Sander, D. (2009). The neural
architecture of facial expressions. In The
Oxford companion to emotion and the
affective sciences, D. Sander and K.R.
Scherer, eds. (Oxford University Press),

pp. 173-175.

Morecraft, R.J., Stilwell-Morecraft, K.S., and
Rossing, W.R. (2004). The motor cortex and
facial expression: new insights from
neuroscience. Neurol. 10, 235-249. https://
doi.org/10.1097/01.nrl.0000138734.45742.8d.
Ekman, P., and Friesen, W.V. (1984). Emotion
Facial Action Coding System (EM-FACS)
(University of California).

Kayser, D., Egermann, H., and Barraclough,
N.E. (2022). Audience facial expressions
detected by automated face analysis
software reflect emotions in music. Behav.
Res. 54, 1493-1507. https://doi.org/10.3758/
$13428-021-01678-3.

Baltrusaitis, T., Zadeh, A., Lim, Y.C., and
Morency, L.P. (2018). OpenFace 2.0: Facial
behavior analysis toolkit. In Proceedings -
13th IEEE International Conference on
Automatic Face and Gesture Recognition, FG

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

2018, pp. 59-66. https://doi.org/10.1109/FG.
2018.00019.

de Gelder, B. (2009). Why bodies? Twelve
reasons for including bodily expressions in
affective neuroscience. Philos. Trans. R. Soc.
Lond. B Biol. Sci. 364, 3475-3484. https://doi.
0rg/10.1098/rstb.2009.0190.

Abramson, L., Petranker, R., Marom, ., and
Aviezer, H. (2021). Social interaction context
shapes emotion recognition through body
language, not facial expressions. Emotion 21,
557-568. https://doi.org/10.1037/
emo0000718.supp.

Banse, R., and Scherer, K.R. (1996). Acoustic
profiles in vocal emotion expression. J. Pers.
Soc. Psychol. 70, 614-636. https://doi.org/10.
1037/0022-3514.70.3.614.

Dael, N., Mortillaro, M., and Scherer, K.R.
(2012). The Body Action and Posture Coding
System (BAP): Development and Reliability.
J. Nonverbal Behav. 36, 97-121. https://doi.
org/10.1007/510919-012-0130-0.

De Gelder, B. (2006). Towards the
neurobiology of emotional body language.
Nat. Rev. Neurosci. 7, 242-249. https://doi.
org/10.1038/nrn1872.

Schindler, K., Van Gool, L., and de Gelder, B.
(2008). Recognizing emotions expressed by
body pose: A biologically inspired neural
model. Neural Netw. 21, 1238-1246. https://
doi.org/10.1016/j.neunet.2008.05.003.
Atkinson, A.P. (2013). Bodily expressions of
emotion: Visual cues and neural mechanisms.
In The Cambridge Handbook of Human
Affective Neuroscience, J. Armony and P.
Vuilleumier, eds. (Cambridge University
Press), pp. 198-222.

Ekman, P., and Rosenberg, E.L. (2005). What
the Face Reveals: Basic and Applied Studies
of Spontaneous Expression Using the Facial
Action Coding System (Facs) (Oxford
University Press).

Asalioglu, E.N., and Gé&ksun, T. (2022). The
role of hand gestures in emotion
communication: Do type and size of gestures
matter? Psychol. Res. 87, 1880-1898. https://
doi.org/10.1007/s00426-022-01774-9.
Cartmill, E.A., Beilock, S., and Goldin-
Meadow, S. (2012). A word in the hand:
action, gesture and mental representation in
humans and non-human primates. Philos.
Trans. R. Soc. Lond. B Biol. Sci. 367, 129-143.
https://doi.org/10.1098/rstb.2011.0162.
Hostetter, A.B. (2011). When do gestures
communicate? A meta-analysis. Psychol. Bull.
137, 297-315. https://doi.org/10.1037/
a0022128.

Kang, S., and Tversky, B. (2016). From hands
to minds: Gestures promote understanding.
Cogn. Res. Princ. Implic. 1, 4. https://doi.org/
10.1186/s41235-016-0004-9.
Goldin-Meadow, S., and Alibali, M.W. (2013).
Gesture's role in speaking, learning, and
creating language. Annu. Rev. Psychol. 64,
257-283. https://doi.org/10.1146/annurev-
psych-113011-143802.

Blythe, E., Garrido, L., and Longo, M.R. (2023).
Emotion is perceived accurately from isolated
body parts, especially hands. Cognition 230,
105260. https://doi.org/10.1016/j.cognition.
2022.105260.

Dael, N., Goudbeek, M., and Scherer, K.R.
(2013). Perceived gesture dynamics in
nonverbal expression of emotion. Perception
42, 642-657. https://doi.org/10.1068/p7364.
Ross, P., and Flack, T. (2020). Removing Hand
Form Information Specifically Impairs
Emotion Recognition for Fearful and Angry

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

¢? CellPress

OPEN ACCESS

Body Stimuli. Perception 49, 98-112. https://
doi.org/10.1177/0301006619893229.

Gunes, H., and Piccardi, M. (2007). Bi-modal
emotion recognition from expressive face
and body gestures. J. Netw. Comput. Appl.
30, 1334-1345. https://doi.org/10.1016/}.jnca.
2006.09.007.

Fréhlich, M., Sievers, C., Townsend, S.W.,
Gruber, T., and van Schaik, C.P. (2019).
Multimodal communication and language
origins: integrating gestures and
vocalizations. Biol. Rev. 94, 1809-1829.
https://doi.org/10.1111/brv.12535.

Holler, J. (2022). Visual bodily signals as core
coordination devices. Phil. Trans. Biol. Sci.
377. https://doi.org/10.1098/rstb.2021.0094.
Smith, M.L., Cottrell, G.W., Gosselin, F., and
Schyns, P.G. (2005). Transmitting and
Decoding Facial Expressions. Psychol. Sci. 16,
184-189. https://doi.org/10.1111/}.0956-
7976.2005.00801 ..

V&, M.L.-H., Smith, T.J., Mital, P.K., and
Henderson, J.M. (2012). Do the eyes really
have it? Dynamic allocation of attention when
viewing moving faces. J. Vis. 12, 3. https://doi.
org/10.1167/12.13.3.

Smith, F.W., and Schyns, P.G. (2009). Smile
Through Your Fear and Sadness:
Transmitting and Identifying Facial
Expression Signals Over a Range of Viewing
Distances. Psychol. Sci. 20, 1202-1208.
https://doi.org/10.1111/j.1467-9280.2009.
02427 x.

Chen, C., Messinger, D.S., Chen, C., Yan, H.,
Duan, Y., Ince, RAA., Garrod, O.G.B.,
Schyns, P.G., and Jack, R.E. (2024). Cultural
facial expressions dynamically convey
emotion category and intensity information.
Curr. Biol. 34, 213-223.e5. https://doi.org/10.
1016/j.cub.2023.12.001.

Lee, V., and Wagner, H. (2002). The Effect of
Social Presence on the Facial and Verbal
Expression of Emotion and the
Interrelationships Among Emotion
Components. J. Nonverbal Behav. 26, 3-25.
https://doi.org/10.1023/A:1014479919684.
Ma, D.S., Correll, J., and Wittenbrink, B.
(2015). The Chicago face database: A free
stimulus set of faces and norming data.
Behav. Res. Methods 47, 1122-1135. https://
doi.org/10.3758/513428-014-0532-5.
Langner, O., Dotsch, R., Bijlstra, G.,
Wigboldus, D.H.J., Hawk, S.T., and van
Knippenberg, A.F.M. (2010). Presentation
and validation of the Radboud Faces
Database. Cognit. Emot. 24, 1377-1388.
Atkinson, A.P., Dittrich, W.H., Gemmell, A.J.,
and Young, A.W. (2004). Emotion perception
from dynamic and static body expressions in
point-light and full-light displays. Perception
33, 717-746. https://doi.org/10.1068/p5096.
Fridlund, A.J., Sabini, J.P., Hedlund, L.E.,
Schaut, J.A., Shenker, J.I., and Knauer, M.J.
(1990). Audience effects on solitary faces
during imagery: Displaying to the people in
your head. J. Nonverbal Behav. 14, 113-137.
https://doi.org/10.1007/BF01670438.

Juslin, P.N., Laukka, P., and Bénziger, T.
(2018). The mirror to our soul? Comparisons
of spontaneous and posed vocal expression
of emotion. J. Nonverbal Behav. 42, 1-40.
https://doi.org/10.1007/s10919-017-0268-x.
Fessler, D.M.T., and Haley, K.J. (2003). The
strategy of affect: Emotions in human
cooperation. In Genetic and Cultural
Evolution of Cooperation, P. Hammerstein,
ed. (MIT Press), pp. 7-36.

Planalp, S. (2001). Communicating Emotions
(Cambridge University Press).

iScience 27, 110663, November 15, 2024 11



https://doi.org/10.1007/s10919-006-0015-1
https://doi.org/10.1007/s10919-006-0015-1
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref13
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref13
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref13
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref13
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref13
https://doi.org/10.1007/BF01672216
https://doi.org/10.1007/BF00988034
https://doi.org/10.1007/BF00988034
https://doi.org/10.1037/0022-3514.50.2.322
https://doi.org/10.1037/0022-3514.50.2.322
https://doi.org/10.1037/0022-3514.37.9.1539
https://doi.org/10.1037/0022-3514.37.9.1539
https://doi.org/10.1111/j.1467-9280.1991.tb00095.x
https://doi.org/10.1111/j.1467-9280.1991.tb00095.x
https://doi.org/10.1177/1754073913491843
https://doi.org/10.1177/1754073913491843
https://doi.org/10.1016/J.CHB.2004.11.013
https://doi.org/10.1016/J.CHB.2004.11.013
https://doi.org/10.1037/0022-3514.60.2.229
https://doi.org/10.1037/0022-3514.60.2.229
https://doi.org/10.1111/psyp.12220
https://doi.org/10.1111/psyp.12220
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref23
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref23
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref23
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref23
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref23
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref23
https://doi.org/10.1097/01.nrl.0000138734.45742.8d
https://doi.org/10.1097/01.nrl.0000138734.45742.8d
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref25
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref25
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref25
https://doi.org/10.3758/s13428-021-01678-3
https://doi.org/10.3758/s13428-021-01678-3
https://doi.org/10.1109/FG.2018.00019
https://doi.org/10.1109/FG.2018.00019
https://doi.org/10.1098/rstb.2009.0190
https://doi.org/10.1098/rstb.2009.0190
https://doi.org/10.1037/emo0000718.supp
https://doi.org/10.1037/emo0000718.supp
https://doi.org/10.1037/0022-3514.70.3.614
https://doi.org/10.1037/0022-3514.70.3.614
https://doi.org/10.1007/s10919-012-0130-0
https://doi.org/10.1007/s10919-012-0130-0
https://doi.org/10.1038/nrn1872
https://doi.org/10.1038/nrn1872
https://doi.org/10.1016/j.neunet.2008.05.003
https://doi.org/10.1016/j.neunet.2008.05.003
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref35
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref35
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref35
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref35
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref35
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref35
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref36
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref36
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref36
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref36
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref36
https://doi.org/10.1007/s00426-022-01774-9
https://doi.org/10.1007/s00426-022-01774-9
https://doi.org/10.1098/rstb.2011.0162
https://doi.org/10.1037/a0022128
https://doi.org/10.1037/a0022128
https://doi.org/10.1186/s41235-016-0004-9
https://doi.org/10.1186/s41235-016-0004-9
https://doi.org/10.1146/annurev-psych-113011-143802
https://doi.org/10.1146/annurev-psych-113011-143802
https://doi.org/10.1016/j.cognition.2022.105260
https://doi.org/10.1016/j.cognition.2022.105260
https://doi.org/10.1068/p7364
https://doi.org/10.1177/0301006619893229
https://doi.org/10.1177/0301006619893229
https://doi.org/10.1016/j.jnca.2006.09.007
https://doi.org/10.1016/j.jnca.2006.09.007
https://doi.org/10.1111/brv.12535
https://doi.org/10.1098/rstb.2021.0094
https://doi.org/10.1111/j.0956-7976.2005.00801.x
https://doi.org/10.1111/j.0956-7976.2005.00801.x
https://doi.org/10.1167/12.13.3
https://doi.org/10.1167/12.13.3
https://doi.org/10.1111/j.1467-9280.2009.02427.x
https://doi.org/10.1111/j.1467-9280.2009.02427.x
https://doi.org/10.1016/j.cub.2023.12.001
https://doi.org/10.1016/j.cub.2023.12.001
https://doi.org/10.1023/A:1014479919684
https://doi.org/10.3758/S13428-014-0532-5
https://doi.org/10.3758/S13428-014-0532-5
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref54
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref54
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref54
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref54
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref54
https://doi.org/10.1068/p5096
https://doi.org/10.1007/BF01670438
https://doi.org/10.1007/s10919-017-0268-x
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref58
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref58
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref58
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref58
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref58
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref59
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref59

¢? CellPress

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

12

OPEN ACCESS

Michael, J. (2011). Shared emotions and joint
action. Rev. Philos. Psychol. 2, 355-373.
https://doi.org/10.1007/513164-011-0055-2.
Spoor, J.R., and Kelly, J.R. (2004). The
evolutionary significance of affect in groups:
Communication and group bonding. Group
Process. Intergr. Relat. 7, 398-412. https://
doi.org/10.1177/1368430204046145.

Ekman, P. (1992). An argument for basic
emotions. Cognit. Emot. 6, 169-200. https://
doi.org/10.1080/02699939208411068.
Hémke, P., Holler, J., and Levinson, S.C.
(2017). Eye Blinking as Addressee Feedback
in Face-To-Face Conversation. Res. Lang.
Soc. Interact. 50, 54-70. https://doi.org/10.
1080/08351813.2017.1262143.

Hémke, P., Holler, J., and Levinson, S.C.
(2018). Eye blinks are perceived as
communicative signals in human face-to-face
interaction. PLoS One 13, e0208030. https://
doi.org/10.1371/journal.pone.0208030.
Hémke, P., Levinson, S.C., and Holler, J.
(2022). Eyebrow movements as signals of
communicative problems in human face-to-
face interaction. Preprint at PsyArXiv. https://
doi.org/10.31234/OSF.I0/3JNMT.

Nota, N., Trujillo, J.P., and Holler, J. (2023).
Conversational Eyebrow Frowns Facilitate
Question Identification: An Online Study
Using Virtual Avatars. Cogn. Sci. 47, €13392.
https://doi.org/10.1111/cogs.13392.

Kim, Y., Vlaeyen, J.M.R., Heesen, R, Clay, Z.,
and Kret, M.E. (2022). The Association
Between the Bared-Teeth Display and Social
Dominance in Captive Chimpanzees (Pan
troglodytes). Affect. Sci. 3, 749-760. https://
doi.org/10.1007/542761-022-00138-1.
Vlaeyen, J.M.R., Heesen, R., Kret, M.E., Clay,
Z.,Bionda, T., and Kim, Y. (2022). Bared-teeth
displays in bonobos (Pan paniscus): An
assessment of the power asymmetry
hypothesis. Am. J. Primatol. 84, e23419.
https://doi.org/10.1002/AJP.23419.

Palagi, E. (2006). Social play in bonobos (Pan
paniscus) and chimpanzees (Pan troglodytes):
Implicationsfor natural social systems and
interindividual relationships. Am. J. Phys.
Anthropol. 129, 418-426. https://doi.org/10.
1002/ajpa.20289.

Perea Garcia, J.O. (2016). Quantifying ocular
morphologies in extant primates for reliable
interspecific comparisons. J. Lang. Evol. 1,
151-158. https://doi.org/10.1093/jole/
lzw004.

Calcutt, S.E., Rubin, T.L., Pokorny, J.J., and de
Waal, F.B.M. (2017). Discrimination of
emotional facial expressions by tufted
capuchin monkeys (Sapajus apella). J. Comp.
Psychol. 131, 40-49. https://doi.org/10.1037/
com0000055.

Vick, S.-J., Waller, B.M., Parr, L.A., Smith
Pasqualini, M.C., and Bard, K.A. (2007). A
cross-species comparison of facial
morphology and movement in humans and
chimpanzees using the Facial Action Coding
System (FACS). J. Nonverbal Behav. 31, 1-20.
https://doi.org/10.1007/s10919-006-0017-z.
Tsai, J.L. (2017). Ideal affect in daily life:
implications for affective experience, health,
and social behavior. Curr. Opin. Psychol. 17,

iScience 27, 110663, November 15, 2024

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

118-128. https://doi.org/10.1016/j.copsyc.
2017.07.004.

Tsai, J.L., Ang, J.Y.Z., Blevins, E., Goernandt,
J., Fung, H.H., Jiang, D., Elliott, J., K&lzer, A.,
Uchida, Y., Lee, Y.-C., et al. (2016). Leaders’
smiles reflect cultural differences in ideal
affect. Emotion 16, 183-195. https://doi.org/
10.1037/emo0000133.

Matsumoto, D. (1990). Cultural similarities
and differences in display rules. Motiv. Emot.
14, 195-214. https://doi.org/10.1007/
BF00995569.

Hess, U., Blaison, C., and Kafetsios, K. (2016).
Judging Facial Emotion Expressions in
Context: The Influence of Culture and Self-
Construal Orientation. J. Nonverbal Behav.
40, 55-64. https://doi.org/10.1007/s10919-
015-0223-7.

Novack, M.A., Wakefield, E.M., and Goldin-
Meadow, S. (2016). What makes a movement
a gesture? Cognition 146, 339-348. https://
doi.org/10.1016/j.cognition.2015.10.014.
Becchio, C., Sartori, L., Bulgheroni, M., and
Castiello, U. (2008). The case of Dr. Jekyll and
Mr. Hyde: A kinematic study on social
intention. Conscious. Cogn. 17, 557-564.
https://doi.org/10.1016/j.concog.2007.
03.003.

Becchio, C., Sartori, L., and Castiello, U.
(2010). Toward You: The Social Side of
Actions. Curr. Dir. Psychol. Sci. 19, 183-188.
https://doi.org/10.1177/0963721410370131.
Sartori, L., Becchio, C., Bulgheroni, M., and
Castiello, U. (2009). Modulation of the Action
Control System by Social Intention:
Unexpected Social Requests Override
Preplanned Action. J. Exp. Psychol. Hum.
Percept. Perform. 35, 1490-1500. https://doi.
org/10.1037/a0015777.

Mnif, M., Chikh, S., and Jarraya, M. (2022).
Effect of Social Context on Cognitive and
Motor Behavior: A Systematic Review. J. Mot.
Behav. 54, 631-647. https://doi.org/10.1080/
00222895.2022.2060928.

Georgiouy, |., Becchio, C., Glover, S., and
Castiello, U. (2007). Different action patterns
for cooperative and competitive behaviour.
Cognition 102, 415-433. https://doi.org/10.
1016/j.cognition.2006.01.008.

Aviezer, H., Trope, Y., and Todorov, A. (2012).
Body cues, not facial expressions,
discriminate between intense positive and
negative emotions. Science 338, 1225-1229.
https://doi.org/10.1126/SCIENCE.1224313.
Boone, R.T., and Cunningham, J.G. (1998).
Children’s decoding of emotion in expressive
body movement: the development of cue
attunement. Dev. Psychol. 34, 1007-1016.
https://doi.org/10.1037/0012-1649.34.
5.1007.

Castellano, G., Kessous, L., and Caridakis, G.
(2008). Emotion Recognition through
Multiple Modalities: Face, Body Gesture,
Speech. In Affect and Emotion in Human-
Computer Interaction (Springer Berlin
Heidelberg), pp. 92-103. https://doi.org/10.
1007/978-3-540-85099-1_8.

Dael, N., Mortillaro, M., and Scherer, K.R.
(2012). Emotion expression in body action

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

iScience

and posture. Emotion 12, 1085-1101. https://
doi.org/10.1037/a0025737.

Rajhans, P., Jessen, S., Missana, M., and
Grossmann, T. (2016). Putting the face in
context: Body expressions impact facial
emotion processing in human infants. Dev.
Cogn. Neurosci. 19, 115-121. https://doi.org/
10.1016/J.DCN.2016.01.004.

Saha, S., Datta, S., Konar, A., and
Janarthanan, R. (2014). A study on emotion
recognition from body gestures using Kinect
sensor. In International Conference on
Communication and Signal Processing,
ICCSP 2014 - Proceedings (Institute of
Electrical and Electronics Engineers Inc.),
pp. 56-60. https://doi.org/10.1109/ICCSP.
2014.6949798.

Henrich, J., Heine, S.J., and Norenzayan, A.
(2010). Beyond WEIRD: Towards a broad-
based behavioral science. Behav. Brain Sci.
33, 111-135. https://doi.org/10.1017/
50140525x10000725.

Ekman, P., Friesen, W., and Hager, J.C.
(2002). Facial Action Coding System: The
Manual (Research Nexus).

Hamilton, A.F.D.C., and Lind, F. (2016).
Audience effects: what can they tell us about
social neuroscience, theory of mind and
autism? Cult. Brain 4, 159-177. https://doi.
org/10.1007/s40167-016-0044-5.

Harris, C., and Alvarado, N. (2005). Facial
expressions, smile types, and self-report
during humour, tickle, and pain. Cogn. Emot.
19, 655-669. https://doi.org/10.1080/
02699930441000472.

Elfenbein, H.A., and Ambady, N. (2002). On
the Universality and Cultural Specificity of
Emotion Recognition:A Meta-Analysis.
Psychol. Bull. 128, 203-235.

Schmidt, K.L., Cohn, J.F., and Tian, Y. (2003).
Signal characteristics of spontaneous facial
expressions: Automatic movement in solitary
and social smiles. Biol. Psychol. 65, 49-66.
https://doi.org/10.1016/50301-0511(03)
00098-X.

Schaefer, A., Nils, F., Sanchez, X., and
Philippot, P. (2010). Assessing the
effectiveness of a large database of emotion-
eliciting films: A new tool for emotion
researchers. Cognit. Emot. 24, 1153-1172.
https://doi.org/10.1080/02699930903274322.
Russell, J.A. (1980). A circumplex model of
affect. J. Pers. Soc. Psychol. 39, 1161-1178.
https://doi.org/10.1037/H0077714.

Birkner, P.C. (2017). brms: An R package for
bayesian multilevel models using stan. J. Stat.
Software 80, 1-28. https://doi.org/10.18637/
jss.v080.i01.

Makowski, D., Ben-Shachar, M., and Liidecke,
D. (2019). bayestestR: Describing Effects and
their Uncertainty, Existence and Significance
within the Bayesian Framework. J. Open
Source Softw. 4, 1541. https://doi.org/10.
21105/joss.01541.

Cheong, J.H., Xie, T., Byme, S., and Chang,
L.J. (2021). Py-Feat: Python Facial Expression
Analysis Toolbox. Preprint at arxiv. https://
doi.org/10.48550/arxiv.2104.03509.


https://doi.org/10.1007/S13164-011-0055-2
https://doi.org/10.1177/1368430204046145
https://doi.org/10.1177/1368430204046145
https://doi.org/10.1080/02699939208411068
https://doi.org/10.1080/02699939208411068
https://doi.org/10.1080/08351813.2017.1262143
https://doi.org/10.1080/08351813.2017.1262143
https://doi.org/10.1371/journal.pone.0208030
https://doi.org/10.1371/journal.pone.0208030
https://doi.org/10.31234/OSF.IO/3JNMT
https://doi.org/10.31234/OSF.IO/3JNMT
https://doi.org/10.1111/cogs.13392
https://doi.org/10.1007/S42761-022-00138-1
https://doi.org/10.1007/S42761-022-00138-1
https://doi.org/10.1002/AJP.23419
https://doi.org/10.1002/ajpa.20289
https://doi.org/10.1002/ajpa.20289
https://doi.org/10.1093/jole/lzw004
https://doi.org/10.1093/jole/lzw004
https://doi.org/10.1037/com0000055
https://doi.org/10.1037/com0000055
https://doi.org/10.1007/s10919-006-0017-z
https://doi.org/10.1016/j.copsyc.2017.07.004
https://doi.org/10.1016/j.copsyc.2017.07.004
https://doi.org/10.1037/emo0000133
https://doi.org/10.1037/emo0000133
https://doi.org/10.1007/BF00995569
https://doi.org/10.1007/BF00995569
https://doi.org/10.1007/s10919-015-0223-7
https://doi.org/10.1007/s10919-015-0223-7
https://doi.org/10.1016/j.cognition.2015.10.014
https://doi.org/10.1016/j.cognition.2015.10.014
https://doi.org/10.1016/j.concog.2007.03.003
https://doi.org/10.1016/j.concog.2007.03.003
https://doi.org/10.1177/0963721410370131
https://doi.org/10.1037/a0015777
https://doi.org/10.1037/a0015777
https://doi.org/10.1080/00222895.2022.2060928
https://doi.org/10.1080/00222895.2022.2060928
https://doi.org/10.1016/j.cognition.2006.01.008
https://doi.org/10.1016/j.cognition.2006.01.008
https://doi.org/10.1126/SCIENCE.1224313
https://doi.org/10.1037/0012-1649.34.5.1007
https://doi.org/10.1037/0012-1649.34.5.1007
https://doi.org/10.1007/978-3-540-85099-1_8
https://doi.org/10.1007/978-3-540-85099-1_8
https://doi.org/10.1037/a0025737
https://doi.org/10.1037/a0025737
https://doi.org/10.1016/J.DCN.2016.01.004
https://doi.org/10.1016/J.DCN.2016.01.004
https://doi.org/10.1109/ICCSP.2014.6949798
https://doi.org/10.1109/ICCSP.2014.6949798
https://doi.org/10.1017/s0140525x10000725
https://doi.org/10.1017/s0140525x10000725
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref90
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref90
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref90
https://doi.org/10.1007/s40167-016-0044-5
https://doi.org/10.1007/s40167-016-0044-5
https://doi.org/10.1080/02699930441000472
https://doi.org/10.1080/02699930441000472
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref94
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref94
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref94
http://refhub.elsevier.com/S2589-0042(24)01888-1/sref94
https://doi.org/10.1016/S0301-0511(03)00098-X
https://doi.org/10.1016/S0301-0511(03)00098-X
https://doi.org/10.1080/02699930903274322
https://doi.org/10.1037/H0077714
https://doi.org/10.18637/jss.v080.i01
https://doi.org/10.18637/jss.v080.i01
https://doi.org/10.21105/joss.01541
https://doi.org/10.21105/joss.01541
https://doi.org/10.48550/arxiv.2104.03509
https://doi.org/10.48550/arxiv.2104.03509

iScience ¢? CellPress
OPEN ACCESS

STARXMETHODS

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Deposited data

Data This paper (repository) https://github.com/Szenteczki/Audience-Effects-on-Human-Emotional-

Face-and-Hand-Movements

Software and algorithms

Openface Baltrusaitis et al., 2018’ https://github.com/TadasBaltrusaitis/OpenFace

Code This paper (repository) https://github.com/Szenteczki/Audience-Effects-on-Human-Emotional-

Face-and-Hand-Movements

RESOURCE AVAILABILITY
Lead contact

Requests for further information, resources and materials should be directed to and will be fulfilled by the lead contacts, Dr Raphaela Heesen
(heesenrl@gmail.com) and Dr Zanna Clay (zanna.e.clay@durham.ac.uk).

Materials availability

Images of facial emotion expressions can be shared upon request by sending a formal email request including a filled out form (Data S1) to the
lead contacts of the study.

Data and code availability

e All data (.txt) supporting this article have been deposited at GitHub and are publicly available as of the date of publication. DOIs can be
found in the key resources table.

e All original code to recreate the analyses and plots supporting this article have been deposited at GitHub and are publicly available as
of the date of publication. DOls is indicated in key resources table.

e Anyadditional information required to reanalyse the data and/or to understand the steps of the analyses reported in this paper is avail-
able from the lead contacts upon request.

e All anonymized facial expression data, associated metadata, and R and python scripts used to get data from OpenFace, produce an-
alyses, figures and heatmaps are available at https://github.com/Szenteczki/Audience-Effects-on-Human-Emotional-Face-and-Hand-
Movements. Our study was pre-registered under https://aspredicted.org/pidik.pdf.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Institutional permission

The study received full ethical approval from the Ethics Committee of the Department of Psychology, Durham University (PSYCH-2019-12-
25T10:28:49-fncw88). All participants provided full informed consent to take part in the experiment and for their expressions to be recorded
and analyzed. At the end of the experiment, participants were provided with a secondary information sheet and consent form, in which they
could decide whether to provide consent for us to unlimitedly retain images and videos of their facial expressions on an emotion database,
accessible to the academic community solely for the purpose of research and upon verification of the researchers’ academic affiliations and
signatures.

Participants
N = 80 undergraduate students from Durham University took part in the online experiment. The number of participants was set to be in the
range of previous studies using a comparable design and showing audience effects (i.e., comparing the effect of non-social vs. social condi-
tions on expressions).”?"*”* Our study included 40 participants in the alone condition (36 women, age mean = 19years, SD = 0.9years, self-
reported ethnicity: 67.5% White, 22.5% Asian/Asian British, 7.5% Black/African/Caribbean, 2.5% Mixed/multiple ethnicities, 0% Arab) and
40 participants in the social condition (38 women, age mean = 19.1year, SD = 3.1year, self-reported ethnicity: 80% White, 12.5% Asian/
Asian British, 2.5% Black/African/Caribbean, 2.5% Mixed/multiple ethnicities, 2.5% Arab).

Criteria for inclusion were (1) abstinence from consumption or prior intake of alcohol at least 12h before trial; (2) participant age of or above
18 years; (3) absence of clinically diagnosed hearing problems; (4) normal or corrected vision (only contact lenses), and (5) absence of history of
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clinically diagnosed psychiatric conditions (e.g., clinical depression psychosis) or conditions affecting facial or bodily function (e.g., Bell's
Palsy, Cerebral Palsy).

Seventeen additional participants (i.e., three in the social and 14 in the alone condition) participated in the experiment but were excluded
due to limited visibility of the face (52.9%), persistent internet issues during the experiment (17.6%), wearing of glasses obstructing the face
(11.8%), errors in video recordings (5.9%), missing trials (5.9%) and disturbances by third parties (5.9%). We only analyzed expressions of par-
ticipants from whom we obtained consent and who had signed up as main participants. In the social condition, partners who were visible in the
video were later cropped out prior to analyses and are no longer visible on any of the analyzed materials nor in the emotion database.

METHOD DETAILS

Design

We deployed a fully randomized 2 (alone and social condition) x 3 (amusement, fear and neutral valence type) design, with valence type as
within-subjects factor and condition as the between-subjects factor, to avoid habituation effects in watching the same movies twice. In a
researcher-moderated online setting, participants watched on their computer monitors 12 short movie scenes (duration mean = 2 min,
SD = 1 min, see Table S1), consisting in four each of amusing, fearful and neutral scenes (details in section “stimuli”), either while being
with another social partner (social condition) or on their own (alone condition). In the social condition, participants were asked to invite another
familiar person (e.g., friend/roommate, family member, romantic partner) to watch the movies with them. Importantly, the participants in the
social condition were physically present in the same room and watched the movies together while sitting next to each other in proximity
(<60cm). This meant that any emotional reaction of the participant could be perceived live by the partner and either through direct looking
at the partner or peripheral vision (i.e., participants interacted in real-life and not virtually). In the alone condition, participants were asked to
stay alone and ensure no other person was present in the room. Further details on the involvement of the experimenter, the conditions and
procedure can be found in “procedure”.

Stimuli

The stimuli were selected based on a previously validated set of emotion-eliciting movie scenes.” They contained standardized emotional
scenes of differing emotional valence and were previously rated by participants as per emotional category, valence, and intensity.”* The clips
are freely available under https://sites.uclouvain.be/ipsp/FilmStim/ and display short scenes of popular Hollywood movies (e.g., Benny &
Joon). We selected four scenes per valence category (i.e., amusement, fear and neutral) based on the highest rankings in terms of strength
to elicit the respective emotional states, see Table S1 for details on movie scene contents.

Procedure

The experiment was designed using the online research platform gorilla (gorilla.sc), which was an adaptation from a live to an online exper-
iment due to taking place during the COVID pandemic (June 2020 — November 2020). Participant recruitment was done using the SONA Sys-
tems webpage of Durham University (durham-psych.sona-systems.com).

The experiment then began on Zoom (version 5.12.9), where the experimenter (either author RH or ZU) first instructed the participant with a
standard text to open the link to the experiment on gorilla.sc, to fill out the demographic questionnaire, and to read and sign the consent
forms as well as the privacy note/information sheet before proceeding. Critically, the experimenter informed the participant that they will
be filmed during the experiment; the experimenter waited until consent was provided, and only if so, they started the screen recording, which
captured participants faces and neck/shoulder areas. The experimenter asked the participant to remove the small camera window to avoid
them seeing their own expressions during the experiment. Participants were further instructed to stay seated and in the same position
throughout the experiment, to not talk to one another - though not to refrain from expressing their emotional state non-verbally - and to
stay focused on the screen. Participants were discouraged from eating and drinking while watching the movie scenes. To avoid unwanted
audience effects as of the experimenter’s own presence, the experimenter explained to the participant that they will not be monitored during
the trial and that, in case they had any questions or issues with the internet or online system, they should contact the experimenter via message
in the Zoom chat; this meant that the experimenter was muted and kept her video shut off throughout the whole trial (i.e., at the end of the
experiment, participants were instructed to leave the meeting without further contact with the experimenter). Following this introductory
phase, as well as a detailed participant information sheet and verbal as well as written consent, the experiment started, and participants
continued through an automatic online process.

Before the start of the experiment, the participants indicated their overall mood on an affective circumplex.” They were further asked to
indicate their age, the relationship to their partner (social condition only), their ethnicity (i.e., with an option “prefer not to say”) and gender
(i.e., with "other” option to specify). Once all the information were taken, the participants proceeded to the test, which implied watching the
twelve randomized popular Hollywood movie scenes (i.e., four of each valence type). To provide back-up records of participants’ self-re-
ported emotional experiences, participants were asked after each movie scene how they perceived the video valence (pleasant/unpleas-
ant/neutral), their self-reported arousal level (scale of five ranging from “not at all intense” to “extremely intense”) and their feelings toward
the video (i.e., what emotion they felt during the clip expressed in their own words). Next, participants were asked to indicate their familiarity
with the scene: “yes, remember it well”, “yes, but can barely remember it”, “no, have never seen the scene of this movie before”. After each
movie scene and inter-trial questions, participants always watched a 15 s relaxing beach scene before the start of the next scene. All movie
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scenes were played in the same session unless participants had internet issues, in which case the experiment had to be stopped and resumed
on another day. Such an interruption only happened in two out of 80 participants.

At the end of the experiment, participants were debriefed and compensated with course credit. Additionally, they were asked to engage
with a secondary consent form for part 2 of this study. This entailed questions about whether they would agree for us to retain their videos and
images unlimitedly on an emotion stimulus database and to share these with other researchers; they could proceed to the end of the exper-
iment regardless of whether they agreed or disagreed. Their decision had no impact on whether the experiment was finalized (i.e., even if
consent for the database was not provided, the course credits were awarded). Participant videos were immediately saved on an encrypted
hard drive and later uploaded on a secure University server. The entire experiment session lasted about 65 min, including ~10 min informa-
tion/consent, ~45 min testing time, and ~10 min debriefing.

QUANTIFICATION AND STATISTICAL ANALYSIS

Before processing any facial expressions using OpenFace, we cropped all videos to keep only the main participant’s head and upper body in
the frame, and then down-sampled the resulting output files to 15 frames per second using mpv-webm (https://github.com/ekisu/mpv-
webm). This eliminated the possibility of erroneous face detections (e.g., from the partner’s face in the social condition) and produced a
consistent input file for analysis with OpenFace v2.2.0.”” Then, we used the FeatureExtraction function of OpenFace to extract AU data
from each frame of the pre-processed input videos (i.e., 15 measurements per second). The AU activity variable indicates whether an AU
is visibly active in the face as a binary value, while the AU intensity indicates how intensely an AU is being used on a five-point scale. A detailed
walk-through of the command-line tools and scripts is available on our GitHub repository (https://github.com/Szenteczki/Audience-Effects-
on-Human-Emotional-Face-and-Hand-Movements). An example of how the software works on facial expressions across the three valence
types can be found in Figure 5.

To verify whether speech acts could have driven any results related to facial expressivity, several measures were in place. First, before the
trials started, participants were explicitly requested not to talk with their partners in the social condition. If they were nonetheless observed to
be talking in the social condition, the experimenter (although not visible) immediately came off mute to remind them to remain silent (see
supplemental text S1). Although this happened very rarely, we nonetheless examined any errors related to rapid speech acts. We found
that participant speech acts were very rare (1%) compared to non-verbal facial expressions (19%), thus were unlikely to have affected any
of our results (see supplemental text S1).

Since the head of the participants was consistently visible in the webcams, we were also able to identify hand gestures surrounding the face
and head. To facilitate replicability, we collated all hand gestures we observed in an ethogram (see Table S2). As Table S2 shows, gestures
were used to cover the mouth, eyes, or touching a part of the face. A gesture was identified as “movement that represents action, but does not
literally act on objects in the world”.”® For this reason, we excluded any hand movements serving a practical purpose, e.g., to eliminate an itch
or wipe a running nose. We counted gestures as separate events if the participants’ hand left their face evidently, but not if they just moved
their hands to another area of their face without the hand leaving their face. To assess coding reliability, we ran a Cohen’s kappa test between
the main coder (ZU) and an independent coder who was blind to the hypotheses on the presence/absence of gestures in 90 out of 960 videos
(9.4% of the dataset). The test revealed substantial agreement (95.6%; Cohen’s k = 0.79).

Statistical analyses of audience effects (part 1)

Quantitative data for all available AUs from OpenFace processing were imported into R, including AU1, 2,4, 5, 6,7,9,10,12,14,15,17, 20, 23,
25, 26, 28, and 45. Definitions of AUs are provided in Table S3 and descriptive statistics of AU intensity and activity across conditions and
valence types can be found in Tables S4 and S5. We pre-filtered these data using the ‘confidence’ score generated by OpenFace, to remove
measurements with a potentially inaccurate face detection; all frames with confidence scores <95% were filtered out. OpenFace produces AU
measurement in both quantitative (i.e., “intensity”: 0-5) and binary (i.e., “activity”: 0 or 1) measures; we calculated the mean values of both
formats per video (i.e., as one stimulus shown to one individual, representing one trial), to produce average AU intensity and activity values
for each trial. AU intensity means were calculated using all of the quantitative AU scores, while AU activity means were calculated using the
binary presence/absence measurements. Average values for AU intensity and AU activity were used for all subsequent analyses (i.e., one row
in the dataset representing one trial).

To assess general audience effects on facial expressivity, we first conducted a global expressivity analysis using all 18 AUs, in which all AUs
are being averaged across the face. We investigated whether AU movements (i.e., AU intensity and activity) and gesture use were influenced
by audience conditions, i.e., whether participants’ emotional expressivity was enhanced in the social condition compared to the alone one.
For AU activity and intensity, we used an overall expressivity outcome (i.e., a mean of all AUs together, for each trial) as the input variables in
our modeling analyses. The reason for including both measures (AU intensity and activity) was to be more precise, and to include as many
parameters as possible to represent facial movements. AU intensity provides a more precise measure as AU activity, as it indicates a scale
rather than binary output. Moreover, the AU intensity and presence neural networks were trained separately and on slightly different datasets
(https://github.com/TadasBaltrusaitis/ OpenFace/wiki/Action-Units). Since AU intensity is a more detailed measure, we present results
related to AU intensity in our main paper, and results related to AU activity in the supplemental information.

We fitted Bayesian generalized and linear mixed models using the Stan computational framework (http://mc-stan.org/), using the brms R
package.” Dependent variables were average values across all AUs, including AU activity (model 1, fitted with a zero-one inflated beta dis-
tribution), AU intensity (model 2, fitted with a Weibull distribution), and gestures (aka “face touching”) (model 3, fitted with a Bernoulli
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distribution). All models included as independent variables an interaction between condition (alone, social) and valence type (neutral, amuse-
ment, fear), and the variables gender (women, men), ethnicity (Arab, Asian, Black/African/Caribbean, White, mixed ethnicities), and video
familiarity (no, yes). We fitted random intercepts of participant and stimulus ID to account for additional variation. Each model included
four Markov chain Monte Carlo (MCMC) chains, with 10,000 iterations per chain, of which we specified 2,000 iterations as warm-up to ensure
sampling calibration. The model diagnostics revealed an accurate reflection of the original response values by the posterior distributions, as
R-hat statistics were <1.05, the numbers of effective samples >100, and MCMC chains had no divergent transitions; these parameters were
inspected using diagnostic and summary functions within the brms package. We used default priors (flat priors) as part of the brms package,
see Table S6. We characterized uncertainty by two-sided credible intervals (95% Crl), denoting the range of probable values in which the true
value could fall. Evidence for an effect in a certain direction (positive or negative) was present if posterior distributions shifted away from - as
opposed to overlapping with - zero.

For inference, we checked whether zero was included in the 95% Crl of the corresponding posterior distribution. As an additional index of
certainty in effect existence, we computed the probability of direction (pd) ranging from 50% to 100% via the R package bayestestR,” where
values above 97.5% correspond to a two-sided p-value of 0.05, and values smaller than 50% reflect high credibility of O (https://easystats.
github.io/bayestestR/reference/p_direction.html). To indicate associations between predictors and dependent variables, we additionally
state the estimated mean (parameter estimate b) and standard deviation/estimated error (SD) of posterior distributions. To examine model
quality, we visually inspected if the posterior predictive distributions fitted the empirical response variables using the function pp_check() on
1,000 draws. We verified whether any outliers affected our results by preparing a secondary analysis round, in which we excluded outliers (i.e.,
we z-scored the data and excluded any data points >2) and reran model 1 and 2 (AU activity and intensity); as the results showed the estimates
and Crl in the same direction, we report the full data including all data points in our main results.

As a second step, we disentangled individual facial areas affected by audience effects, we investigated whether single AUs were differ-
entially expressed among audience conditions and valence types. We used Wilcoxon rank-sum tests, which are robust against deviations
from normality - inspected using QQ plots in R - to make pairwise comparisons between AU intensity/activity in the alone and social condi-
tions. We visualized variation in our quantitative AU dataset using boxplots and heatmaps created using Py-Feat (v 0.5.1)7
Python3 script (https://github.com/Szenteczki/Audience-Effects-on-Human-Emotional-Face-and-Hand-Movements). We then used the
average quantitative expressions of all Py-Feat compatible AUs (AU1, 2, 4, 5, 6,7, 9, 10, 12, 14, 15, 17, 20, 23, 25, 26, and 28) to produce
AU heatmaps grouped by condition and valence, separately for AU activity and intensity.

using a custom

Creation of the naturalistic emotion database (part 2)

A secondary objective of this project was to create a naturalistic database of spontaneous emotional facial expressions accessible to the wider
academic community. The database includes videos and staticimages of video-recorded naturalistic facial expressions from participants who
have watched amusing, fearful and neutral videos either alone (32 participants, 29 women, age mean = 19.0years, SD = 0.9years, self-reported
ethnicity: 71.9% White, 21.9% Asian/Asian British, 6.3% Black/African/Caribbean, 0.0% Mixed/Multiple ethnicities, 0.0% Arab) or with another
familiar person (39 participants, 37 women, age mean = 19.2years, SD = 3.1year, self-reported ethnicity: 79.5% White, 12.8% Asian/Asian
British, 2.6% Black/African/Caribbean, 2.6% Mixed/Multiple ethnicities, 2.6% Arab). The videos and images are stored on a secure server
of Durham University and can be shared by the corresponding author upon email contact and a signed pdf version of the form enclosed
with the supplemental information (Data S1). The form entails a formal confirmation by the researcher that the stimuli will be kept confidential
and only used for research purposes. Criteria for access include evidence of affiliation to an academic institution and short statement of how
the stimuli will be used.
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