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Abstract 

Individuals modulate their facial emotion expressions in the presence of other people. 

Does this social tuning reflect changes in emotional experiences or attempts to 

communicate emotions to others?  Here, “target” participants underwent facial 

electromyography (EMG) recording while viewing emotion-inducing images, believing 

they were either visible or not visible to “observer” participants.  In Study 1, when targets 

believed they were visible, they produced greater EMG activity and were more accurately 

“read” by observers, but did not report accompanying changes in their emotion 

experience.  In Study 2, simultaneous facial EMG recording and fMRI scanning revealed 

that social tuning of targets’ facial expressions correlated with activity in brain structures 

associated with mentalizing.  These findings speak to long-standing, competing accounts 

of emotion expression, and suggest that individuals actively tune their facial expressions 

in social settings to communicate their experiences to others.  
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People communicate what they know, feel, and want to each other.  In such 

communication, a “target” conveys their internal states using verbal and nonverbal cues, 

and an “observer” uses targets’ cues to infer what targets are experiencing (1) (2) (3) (4).  

Effective communication between targets and observers is crucial to social life, 

facilitating learning (5), cooperation (6), and the formation and maintenance of 

relationships (7). 

Facial expressions are one key channel through which targets convey their 

internal states to observers.  Decades of research finds that targets often modulate their 

expressions in social settings (8) (9).  For instance, facial electromyography (EMG) 

recordings demonstrate that targets produce larger facial movements when observers are 

present compared to non-social settings (10) (11).  Observers judge these expressions 

more accurately in turn (12) (13), suggesting that they may also be more “readable.”  We 

refer to changes in facial display activity in response to the presence of others as social 

tuning of expression. 

Social tuning provides a window into a long-standing debate about the meaning 

and function of facial emotion expressions (14).  One view, which we refer to as the 

experience account, holds that facial expressions are “read-outs” of underlying emotional 

experience (15) (16).  By this account, social tuning would occur because the presence of 

other people alters emotional experience—for instance intensifying positive and negative 

affect (17) (18)—and thus produces accompanying changes in expression.  A second 

view, the communication account, posits that facial expressions represent efforts to 

influence others’ behavior or inferences (19) (20) (21) (22).  On this account, social 
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tuning reflects targets’ attempt to change their expression in the presence of others—for 

instance to clearly convey their internal state (12) (13). 

These theories of facial expression are not mutually exclusive, but they do make 

competing predictions about social tuning.  The communication account—but not the 

experience account—predicts that when they are visible to observers, targets should alter 

their expressions to become more readable, even without any underlying changes in 

experience.  Further, a communication account suggests that social tuning should be 

supported by cognitive processes associated with considering others’ perspectives—such 

as “mentalizing” (23)—whereas an experience account suggests that social tuning should 

track other indices of emotional experience. 

Social tuning thus provides an opportunity to disambiguate between experience 

and communication theories of facial expression.  However, previous research has not 

clearly disentangled these accounts.  In prior studies of social tuning, targets typically co-

experience emotional events with observers who are also visible to them (10) (11) (12) 

(13) (24) (Figure 1a).  In these contexts, social tuning could reflect communication or 

experience, but it could also reflect other processes.  For instance, targets could mimic 

observers’ emotions (27) (28), thus confounding multiple potential sources of social 

tuning. 

The present research tests experience and communication accounts of facial 

expression through a “minimalistic” paradigm (Figure 1b).  Targets in two studies 

viewed emotion-inducing images and rated their reactions under the belief that they were 

either visible to a close friend via video camera or not.  Critically, this design 

manipulated the presence of observers in a manner that prevented targets from seeing 
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them.  This ensured that social tuning did not reflect targets’ responses to observers’ 

expressions, allowing us to adjudicate between experience and communication accounts.  

We combined this paradigm with a multimodal assessment of targets’ facial muscle 

activity—via facial EMG recording—and targets’ emotional experience—via self-report 

and skin conductance responses—to test whether targets express or experience emotion 

differently under the belief that they are visible to an observer.  We further tested whether 

targets who believe they are visible are more emotionally readable by examining 

observers’ accuracy rating targets’ affect across visibility conditions. 

 

       

Figure 1.  Social tuning task designs.  (a) Previous studies have permitted two-
way visibility between targets and observers as they co-experience emotional 
events, allowing targets to respond to how observers experience and express 
emotion.  (b) The present “minimalistic” task manipulates targets’ beliefs that 
they are visible to observers without permitting targets to see observers or co-
experience events with them. 

 

In Study 1, 60 pairs of friends (total N = 120) were randomly assigned to target or 

observer roles (Figure 2a; Figure 2b).  Targets first completed a baseline phase of 

viewing emotion-inducing images and rating their emotional reactions under the belief 

that they were not visible to anyone else.  Targets then completed an experimental phase 

in which they viewed and rated a new set of images in one of two between-subjects 
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conditions.  Targets in the visible condition were informed that they would be visible to 

their friend—the observer—via video camera (Figure 2c), whereas targets in the control 

condition continued to believe they were not visible.  Targets were not instructed to 

change their behavior in any way in either condition. 

In actuality, all targets were video recorded throughout both task phases.  After 

this task, observers viewed videos in which they could see targets’ faces but not the 

images that targets viewed, and they inferred targets’ emotions based on their facial 

expressions.  This design enabled us to estimate interpersonal accuracy—agreement 

between targets’ and observers’ ratings of targets’ experience—and to compare 

observers’ accuracy when targets believed they were visible or not visible.  
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Figure 2.  Social tuning task.  (a) Study 1 target protocol.  On each trial, targets 
viewed a fixation cross (3000-ms), an emotional image (6000-ms), and then rated 
their emotional reaction on a 9-point valence scale (3000-ms).  Targets later 
reviewed the same images paired with an emotion category rating scale  
(3000-ms).  (b) Study 1 observer protocol.  Observers viewed a fixation cross 
(3000-ms), a target emotional reaction video clip (6000-ms), and then rated 
targets’ emotional reactions on a 9-point valence scale (3000-ms), and an emotion 
category rating scale (3000-ms).  (c) Study 1 task structure.  Targets were 
randomly assigned to either visible or control belief conditions.  At baseline, all 
targets viewed images under the belief that they were alone.  Targets in the visible 
condition were informed that their friend could see them during the experimental 
phase only, whereas targets in the control condition completed this phase under 
the belief that they were still alone.  (d) Study 2 task structure.  Targets viewed 
images under the instruction that their faces were visible to a friend via video 
camera—on visible trials—or that the video camera was off—on control trials. 
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 As described above, a communication account suggests that targets tune their 

facial expressions to communicate more clearly, likely by inferring observers’ 

perspective and knowledge.  Making such inferences—commonly referred to as 

“mentalizing” (23)—engages brain systems such as temporoparietal junction (TPJ), 

superior temporal sulcus (STS), posterior cingulate cortex (PCC), precuneus, and medial 

prefrontal cortex (mPFC) (27) (28).  By contrast, an experience account suggests that 

targets may experience more intense emotions and generate larger facial expressions as 

“read-outs” of these changes.  Individuals recruit brain systems such as the striatum, 

amygdala, insula, caudate, and anterior cingulate cortex, during emotional experiences 

(29) (30), suggesting that targets may recruit these brain systems instead. 

In Study 2, we tested these hypotheses about social tuning by directly relating 

brain activity and facial movements.  Sixteen pairs of friends took turns playing the role 

of target while undergoing simultaneous fMRI scanning and facial EMG recording, and 

were told they would later play the role of an observer trying to infer their friend’s 

emotion.  During blocks of visible trials, participants were told they were being video 

recorded and that they should clearly communicate their emotions.  During blocks of 

control trials, targets were told that the video camera was off and that they should 

respond naturally (Figure 2d).  We combined this design with a novel technique for 

directly relating brain and facial muscle activity.  Specifically, we isolated brain activity 

that parametrically tracked facial EMG responses on an image-by-image basis, enabling 

us to identify neural correlates of communicating emotion through facial expressions. 

Study 2 further extended Study 1 by explicitly instructing targets to communicate 

their emotions when they believed they were visible to observers.  This manipulation 
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tested whether social tuning reflects targets’ attempts at communicating emotion.  It 

additionally tested whether these attempts also sharpen the clarity of targets’ expressions, 

as predicted by a communication account.  In particular, targets should produce “clearer” 

expressions—that more accurately represent their experience—when they communicate 

with observers. 

 

Results 

Study 1 

Sample sizes vary across analyses due to instances in which data failed to record and 

where statistical outliers were excluded.  We report sample sizes alongside each analysis 

and we detail missing cases and outlier exclusion criteria in Data Analysis under Methods 

for Study 1. 

 

Facial Electromyography 

We first investigated social tuning by examining whether targets in the visible, versus 

control, condition produced more intense facial expressions—as indicated by their facial 

EMG activity.  Consistent with a communication account of social tuning, targets 

exhibited increased facial EMG activity in the visible, versus control, condition (Table 

1). 

When viewing positive images, targets in the visible condition produced greater 

zygomaticus EMG activity—associated with larger positive expressions (31) (32)— 

during the experimental phase, as compared to their own baseline, and as compared to 

targets in the control condition during the experimental phase (N = 53).  Visibility 
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condition and task phase further interacted to predict this increased EMG activity (Figure 

3a).  Targets in the control condition showed no difference in zygomaticus EMG activity 

relative to baseline, and they did not differ from targets in the visible condition at 

baseline. 

When viewing disgusting images, targets in the visible condition produced greater 

levator EMG activity—associated with larger disgust expressions (31) (32)—in 

comparison to their own baseline (N = 56), as shown by an interaction between visibility 

belief condition and task phase (Figure 3b).  Targets in the control condition showed no 

difference in levator EMG activity relative to baseline, and as compared to targets in the 

visible condition at baseline.  Overall, targets produced larger facial expressions in 

response to both positive and disgusting images when they knew they were visible.  



Communicating emotion through facial expressions 

	 11 

 

  

Figure 3.  Mean target facial EMG activity by task phase and visibility belief 
condition interactions: (a) target zygomaticus EMG activity during positive 
image-viewing, and (b) target levator EMG activity during disgusting image-
viewing.  Error bars depict 95% confidence intervals.  
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Table 1 
 
Visibility belief effects over target facial EMG activity. 

--- b  CI t 
Zygomaticus (positive images) --- --- --- 

Interaction: task phase * visibility condition .11 [.058, .23] 3.08** 

Visible targets: experimental phase > baseline .11 [.047, .17] 3.46*** 

Experimental phase: visible targets > controls .23 [.16, .30] 2.50* 

Levator (disgusting images) --- --- --- 
Interaction: task phase * visibility condition .16 [.047, .28] 2.44* 

Visible targets: experimental phase > baseline .16 [.076, .25] 3.75*** 

Experimental phase: visible targets > controls .15 [.052, .24] 1.65 

Note: * p < .05.  ** p < .01.  *** p < .001.  CI = .95. 
 

 

Interpersonal Accuracy 

We further tested whether observers rated targets’ experiences more accurately—

as indicated by the agreement between their ratings of targets’ emotions and targets’ own 

ratings—in the visible condition, versus in the control condition.  In particular, we 

calculated the difference between observers’ inferences about the emotional valence of 

targets’ experiences, and targets’ own valence ratings, on a 9-point Likert scale ranging 

from ‘very unpleasant’ to ‘very pleasant’ (N = 58).  Observers rated targets in the visible 

condition more accurately relative to their own baseline (Table 2), as revealed by an 

interaction between visibility belief condition and task phase (Figure 4).  Observers 

showed no change in their accuracy rating targets in the control condition as compared to 

baseline. 
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We next examined how accurately observers rated the valence of targets’ 

experiences specifically when targets viewed positive images or disgusting images.  

When targets in the visible condition viewed positive images, observers rated their 

emotions more accurately (M = 2.07, SD = 1.77), in comparison to their own baseline (M 

= 2.43, SD = 1.93), as shown by an interaction.  Observers showed no change in their 

accuracy rating targets in the control condition relative to their baseline, and no 

difference within either task phase rating targets in visible versus control conditions.  

When targets viewed disgusting images, observers’ accuracy did not differ across task 

phases, by visibility belief condition, or as a function of their interaction. 

To summarize, observers were more accurate about targets’ emotions—and in 

particular their positive experiences—when targets knew they were visible.  
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Figure 4.  Mean observer interpersonal accuracy by task phase and visibility 
belief condition interaction: observer valence rating difference scores.  Error bars 
depict 95% confidence intervals. 

 

Table 2 
 
Visibility belief effects over interpersonal accuracy: Valence difference scores. 

--- b CI t 
Overall --- --- --- 

Interaction: task phase * visibility condition .24 [.031, .43] 2.28* 

Visible targets: experimental phase > baseline .29 [.14, .44] 3.81*** 

Experimental phase: visible targets > controls .17 [.028, .30] 1.15 

Positive images --- --- --- 
Interaction: task phase * visibility condition .35 [.070, .65] 2.43* 

Visible targets: experimental phase > baseline .36 [.15, .56] 3.56*** 

Experimental phase: visible targets > controls -.01 [-.20, .20] -.03 

Note: * p < .05.  ** p < .01.  *** p < .001.  CI = .95. 
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Facial Electromyography Mediates Interpersonal Accuracy 

Targets produced larger facial expressions when they knew they were visible and 

observers rated these targets’ experiences more accurately.  We next tested whether the 

effect of targets’ visibility condition on observers’ accuracy was mediated by targets 

producing larger expressions relative to baseline. 

When targets viewed positive images in the visible condition (N = 23), observers 

made more accurate valence ratings relative to their baseline, c = 0.41, p < .001; these 

targets generated increased zygomaticus EMG activity versus their baseline, a = 0.083, p 

= .037; and observers made more accurate ratings of these targets as they generated 

increased zygomaticus EMG activity, b = 0.72, p < .001.  Observers’ improved accuracy 

rating these targets was mediated by targets' increased EMG activity, as indicated by a 

Sobel test showing that including targets’ EMG activity in the model reduced c, ab = 

.059, z = 1.99, p = .047, 95% CI [.008, .12].   

In contrast, we did not find this mediation for dyads in the control condition (N = 

28), but moderated mediation analysis failed to detect statistically significant differences 

in ACME across these mediation analyses (N = 51), δ(t) = -.036, p = .36, 95% CI [-.11, 

.044].  In a parallel set of analyses, observers were more accurate categorizing targets’ 

experiences of positive emotion and disgust when targets knew they were visible, and this 

improvement was mediated by targets producing increased EMG activity at zygomaticus 

and levator sites respectively (Appendix A). 
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In summary, observers better understood how targets experienced positive events 

when targets knew they were visible, and this improved understanding was mediated by 

targets producing larger facial expressions. 

 

Target Experience 

Finally, an experience account of social tuning suggests that targets might experience 

more intense emotions in social settings, and that intensified expressions in these settings 

could comprise “readouts” of these experiences.  To test this possibility, we examined 

targets’ valence ratings as a measure of reported experience, and targets’ skin 

conductance responses as a measure of physiological arousal. 

Valence Ratings.  Targets in the visible, versus control, condition did not report 

any differences in their emotional valence. There was a single interaction between 

visibility belief condition and task phase regarding how targets rated experiencing neutral 

images (N = 58) on a 9-point Likert scale ranging from ‘very unpleasant’ to ‘very 

pleasant’, b = .22, t = 2.87, p = .004, 95% CI [.064, .36]; but this reflected targets in the 

control condition experiencing neutral images as less pleasant (M = 4.97, SD = 0.87) 

relative to their baseline (M = 5.11, SD = 0.99), b = -.15, t =  -2.92, p = .003, 95% CI [-

.26, -.051].   

Targets in the visible condition did not report experiencing neutral images 

differently from baseline and they did not differ from targets in the control condition.  

Targets showed no differences in how they rated experiencing positive images (N = 57) 

or negative images (N = 59) in response to visibility belief conditions, task phases, or 

their interaction. 
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Skin Conductance Responses.  Targets further showed no differences in skin 

conductance responses (SCR) to viewing images with or without the knowledge that they 

were visible.  We found a single interaction between visibility belief condition and task 

phase for targets producing SCRs to viewing positive images (N = 54), b = .24, t = 2.43, p 

=.015, 95% CI [.035, .45]; but this reflected targets in the control condition showing 

diminished responses to positive images (M = 4.89, SD = 0.94) versus their baseline (M = 

5.15, SD = 0.93), b = -.21, t = -2.87, p = .0043, 95% CI [-.36, -.076].   

Targets in the visible condition showed no difference in SCRs as compared to 

baseline and their responses did not differ from targets in the control condition.  Targets 

showed no differences in producing SCRs to viewing neutral images (N = 53) or negative 

images (N = 53) in relation to visibility belief conditions, task phases, or their interaction. 

 

Summary 

Consistent with a communication account of facial expression of emotions, targets 

produced larger facial movements when they believed they were visible, but they did not 

show any changes in how they experienced viewing emotion-inducing images.  Rather, 

observers rated targets’ emotion more accurately when targets knew they were visible, 

and this improvement in their accuracy was mediated by targets producing larger 

expressions. 

 

Study 2 

In Study 2, we examined the neural correlates of social tuning by parametrically relating 

brain activity and facial EMG responses from trial to trial.  This novel technique isolated 
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brain activity associated with producing facial expressions.  In particular, we identified 

neural correlates of communicating emotion through facial expressions, by directing 

targets to convey their emotional states when cued that the video camera was on. 

Participants underwent simultaneous fMRI scanning and facial EMG recording 

while viewing positive and neutral images under the belief that they were sometimes 

being video recorded.  For blocks of visible trials, participants were told that the video 

camera was on—and that they should convey their emotions, whereas for blocks of 

control trials, participants were told that the video camera was off—and that they should 

respond naturally.  This design built on Study 1 by explicitly manipulating targets’ goals 

for emotional communication when they believed they were visible or not visible.   

We further investigated whether targets produced “clearer” facial expressions 

when told they were visible, by examining how strongly their facial EMG responses 

tracked how they rated the valence of their experiences.  This analysis also built on Study 

1 by testing whether social tuning increases both the intensity, and the clarity, of targets’ 

facial expressions.  Three participants’ data were excluded from analysis due to 

instrument failure and infrequent responding (final N = 29).  We provide details on these 

missing cases in Data Analysis under Methods for Study 2. 

 

Facial Electromyography 

As in Study 1, targets in Study 2 generated increased EMG activity at zygomaticus major 

under the belief that they were visible to observers.  Targets produced greater EMG 

activity in response to viewing positive images (M = 2.05, SD = .30) versus neutral 

images (M = 1.97, SD = .27), b = .033, t = 2.45, p = .021, 95% CI [.016, .056].  They also 
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produced greater EMG activity on visible trials than on control trials, both when viewing 

positive images (visible: M = 2.12, SD = .31; control: M = 1.97, SD = .28), b = .16, t = 

6.77, p < .001, 95% CI [.14, .17]; and when viewing neutral images (visible: M = 2.02, 

SD = .28; control: M = 1.92, SD = .26), b = .096, t = 4.67, p < .001, 95% CI [.077, .12].  

Being visible increased targets’ EMG activity to a greater extent when they viewed 

positive images than when they viewed neutral images, as revealed by an interaction 

(Figure 5a), b = .061, t = 4.79, p < .001, 95% CI [.037, .085]. 

When targets believed they were visible to observers, they also produced facial 

EMG activity that tracked their reported experience more strongly.  Targets produced 

EMG activity that tracked their valence ratings on visible trials, b = .029, t = 10.87, p < 

.001, 95% CI [.025, .034]; as well as on control trials, b = .010, t = 3.60, p < .001, 95% 

CI [.0047, .015].  However, targets’ EMG activity tracked their valence ratings more 

strongly on visible trials, relative to control trials, as revealed by an interaction (Figure 

5b), b = .018, t = 6.11, p < .001, 95% CI [.012, .023].   

In summary, targets again produced larger facial expressions when told they were 

visible, but they also produced clearer expressions which more accurately reflected their 

emotion experience.  
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Figure 5.  Mean facial EMG activity by valence and visibility belief interactions:  
(a) image valence and (b) valence ratings.  Error bars and ribbons depict 95% 
confidence intervals. 
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[.0036, .20]; relative to neutral images, as revealed by an interaction, b = .19, t = 2.55, p 

= .011, 95% CI [.067, .32].  Targets did not report experiencing neutral images 

differently across visible and control trials. 

 

fMRI Results 

Univariate Contrasts.  We first examined targets’ BOLD activity in response to 

viewing positive versus neutral images, and in response to being told they were visible.  

When viewing positive versus neutral images (Positive > Neutral), targets exhibited 

greater activity in a set of brain regions including right insula and right amygdala (Figure 

6a; Supplementary Table 1).  These brain structures are commonly recruited during 

emotional experiences (29) (30), and according to Neurosynth meta-analyses (see Data 

Analysis under Methods for Study 2), the coordinates of peak activity tracked emotional 

terms in published neuroimaging research (z’s > 3.91; Supplementary Table 3). 

We next examined the effects of social visibility on brain activity.  According to a 

communication account, targets should alter their expressions in social circumstances by 

taking observers’ perspective, whereas according to an experience account, targets 

generate larger expressions due to experiencing stronger emotions.  When viewing 

images under the belief they were visible (Visible > Control), targets showed greater 

activity in bilateral temporoparietal junction (TPJ), bilateral posterior superior temporal 

sulcus (STS), posterior cingulate cortex (PCC), and precuneus (Figure 6b), in addition to 

other regions (Supplementary Table 2).  These brain structures are commonly recruited 

during mentalizing (33) and their activity tracked terms related to mentalizing in 

Neurosynth meta-analyses (z’s > 3.54; Supplementary Table 3). 
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Figure 6.  Differences in neural activity from univariate contrasts (top row) and 
parametric analyses (bottom row).  Increased activity in (a) right insula during 
positive image-viewing (versus neutral), and in (b) bilateral temporoparietal 
junction (TPJ) and right superior temporal sulcus (STS) when believed to be 
visible (versus control).  Neural activity parametrically related to EMG 
responsivity in (c) left ventral striatum during positive image-viewing, and in (d) 
right temporoparietal junction (TPJ) and right superior temporal sulcus (STS) 
during positive image-viewing when believed to be visible.  
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Brain Activity Tracking Facial Movement.  We further identified brain regions 

whose activity parametrically varied with the facial EMG activity targets generated.  

Parametric contrasts coded regressors with targets’ EMG responses on a trial-by-trial 

basis (34) and entered these regressors into general linear models that controlled for 

potential collinearity with image-viewing.  Specifically, we demeaned EMG regressors 

and included regressors for univariate contrasts to effectively remove any variance shared 

with task manipulations (see Data Analysis under Methods for Study 2). 

As a manipulation check that facial EMG activity recorded during fMRI scanning 

captured facial muscle movements, we conducted univariate and parametric contrasts and 

examined brain activity associated with producing movement.  Both main effect contrasts 

(Positive > Neutral; Visible > Control) detected greater activity in regions of 

sensorimotor cortex—including supplementary motor area (SMA) and primary motor, 

premotor, and primary and secondary somatosensory cortices—consistent with targets 

generating increased facial EMG activity when they viewed positive images, and when 

they believed they were visible.  These regions contribute to executing motor movements 

(35) and their activity tracked movement terms on Neurosynth (z’s > 3.80; 

Supplementary Table 3).  Likewise, in a parametric contrast collapsing across all task 

conditions, targets’ EMG activity tracked increased activity in precuneus and 

sensorimotor cortex, including supplementary motor area (SMA) and right premotor and 

bilateral primary somatosensory cortices (Supplementary Table 4). 

To identify brain activity associated with experiencing positive emotion, we next 

examined the relationship between BOLD and EMG activity for trials where targets 

viewed positive images.  Collapsing across visible and control trials, targets’ EMG 
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activity tracked was linked to activity in regions associated with affective experience 

when they viewed positive images.  These regions included left ventral striatum (Figure 

6c), right caudate, left insula, and anterior cingulate cortex (ACC; Supplementary Table 

5).  Consistent with previous meta-analyses (29) (30), these activations tracked emotional 

terms on Neurosynth (z’s > 4.77; Supplementary Table 7). 

To further identify brain activity associated with communicating positive 

emotion, we examined the relationship between BOLD and EMG activity when targets 

viewed positive images under the belief that they were visible via video camera.  Targets 

experienced positive affect and were instructed to convey that affect to observers on these 

trials.  When viewing positive images on visible trials, targets produced EMG activity 

that tracked increased activity in right temporoparietal junction (TPJ), right anterior 

superior temporal sulcus (STS), and precuneus (Figure 6d).  Following previous meta-

analysis (33), these activations tracked terms related to mentalizing on Neurosynth (z’s > 

3.88; Supplementary Table 7).  Targets also generated EMG activity that tracked 

increased activity in ventral striatum among other regions (Supplementary Table 6).  In 

addition, targets produced EMG activity that tracked regions of sensorimotor cortex, and 

these activations tracked movement terms on Neurosynth (z’s > 3.13; Supplementary 

Table 7). 

 

Summary 

Together, these data provide support for an experience account, as targets 

generated larger facial expressions and reported experiencing more positive emotion 

when told they were visible, and this EMG activity tracked increased engagement of 
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ventral striatum.  However, these data also support a communication account, as targets 

generated clearer facial expressions—that tracked their reported experience more 

strongly—under the belief that they were visible, and this EMG activity tracked greater 

activity within multiple regions associated with mentalizing. 

 

Discussion 

A central debate in affective science concerns the function and meaning of facial 

expressions.  An experience account maintains that expressions “read-out” emotional 

experiences, whereas a communication account holds that expressions influence how 

other people behave.  These theories are not mutually exclusive, yet they make 

competing predictions about social tuning, providing a powerful lens for evaluating them.  

The experience account suggests that social tuning reflects underlying changes in 

experience, whereas the communication account suggests that social tuning instead 

reflects targets’ attempts to convey their experience to observers.  Previous work had not 

clearly tested the distinct predictions made by each of these accounts due to confounds 

with free-form interactions between targets and observers.   

Across two studies, we tested experience and communication accounts through a 

“minimalistic” task designed to clarify the meaning and function of social tuning.  This 

task isolates targets’ ability to communicate their emotions, by manipulating whether or 

not they believe they are visible to observers, while preventing targets from seeing 

observers and responding to them.  In both studies, targets exhibited social tuning of 

emotional facial expressions.  In Study 1, they produced greater facial muscle activity 

when they knew they were visible, and this increase in expressivity mediated observers 
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rating targets’ experiences more accurately, without any detected change in targets’ 

emotional experience.  In Study 2, targets likewise generated more facial muscle activity 

when explicitly instructed to communicate their emotions.  Unlike in Study 1, these 

targets also reported experiencing more positive emotion when visible, and their facial 

muscle activity also tracked increased activity in ventral striatum.  However, this 

increased expressivity also tracked increased activity in TPJ, STS, and precuneus, in 

addition to tracking their reported experience more strongly. 

This evidence synthesizes competing views about the nature and social functions 

of facial expressions.  Consistent with the experience account, targets experienced more 

positive emotion when explicitly instructed to communicate in Study 2, and their 

increased expressivity tracked brain activity broadly associated with reward.  However, 

consistent with the communication account, observers understood targets’ emotions more 

accurately when they were visible, and targets’ increased expressivity tracked brain 

activity broadly associated with mentalizing.  In addition, targets also produced “clearer” 

expressions— which better reflected their emotional experience—under the explicit goal 

to communicate in Study 2.  Overall, these findings provide evidence for experience 

accounts that understand facial expressions as “read-outs” of subjective experience (15) 

(16) and for communicative accounts that understand them as attempts to influence other 

people (20) (21) (22). 

This work also highlights how social tuning facilitates effective communication of 

emotion.  Observers rated targets more accurately as they produced greater facial muscle 

activity in Study 1, and targets generated “clearer” expressions while communicating in 

Study 2.  Prior work had found that targets facilitate shared understanding with observers 
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(36) and observers rate targets’ expressions more accurately when they are produced in 

social settings (12) (13).  This work, however, had not explicitly linked how targets 

produce expressions and how accurately observers understand their experiences.  

Moreover, past research had not compared how clearly targets expressed themselves—

how targets’ expressions reflect their subjective experiences—across social and nonsocial 

settings.  Together, these findings suggest that targets may adopt observers’ perspectives, 

and produce facial expressions that reflect their internal states more accurately, when 

they wish to be understood (19) (37). 

Consistent with this idea, we show in Study 2 that targets engage brain structures 

broadly associated with experiencing emotion and mentalizing during social tuning.  By 

parametrically relating time-locked BOLD and facial EMG signals, we found that targets 

produced EMG responses tracking activity in three key sets of brain structures on a trial-

to-trial basis.  Across all conditions, EMG activity tracked engagement of regions within 

sensorimotor cortex that contribute to executing motor movements (35), providing an 

important manipulation check for the EMG signal.  When targets viewed positive images, 

EMG activity tracked recruitment of left ventral striatum, right caudate, left insula, and 

anterior cingulate cortex (ACC), regions associated with experiencing emotion (29) (30).  

When targets viewed positive images under the belief that they were visible—and they 

were instructed to clearly convey their emotions—EMG activity tracked engagement of 

right temporoparietal junction (TPJ), right anterior superior temporal sulcus (STS), and 

precuneus, regions involved in mentalizing (33). 

By providing evidence directly relating continuous measures of brain and 

emotion-related facial muscle activity, Study 2 produces multiple novel insights into 
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social tuning.  In particular, we find that while producing emotional facial expressions, 

targets engaged brain systems similar to those associated with perceiving expressions—

and that this activity reflected their goals for communication.  Participants in previous 

studies have viewed emotional images and faces while undergoing combined fMRI 

scanning and facial EMG recording (38) (39) (40) (41).  We build on this work by 

examining how targets generate facial expressions during live interaction with observers.  

In addition, previous studies have not directly related time-locked brain and facial muscle 

activity on a trial-by-trial basis.  As a result, it has been unknown whether reported 

changes in brain activity actually tracked simultaneous facial movements. 

By combining simultaneous fMRI and facial EMG recording with 

psychophysiological parametric modulation analyses, we identified brain activity that 

parametrically tracks facial movement on a trial-to-trial basis.  This method isolates brain 

activity directly related to producing facial movement from brain activity that responds to 

task conditions but does not track facial movement.  Study 2 thus addresses past 

limitations and provides direct evidence of brain systems that support the facial 

communication of emotion.  Future work using this method could identify brain activity 

associated with producing other types of facial movements, such as those that convey 

negative experience, or non-facial movements such as hand gestures (42) (43). 

This research further clarifies the neural mechanisms by which targets create 

shared understanding with observers.  Targets and observers recruit similar brain systems 

during communication (42) (44).  Specifically, their brain activity becomes temporally 

coupled during both verbal (45) (46), and non-verbal interaction (43) (47), including 

facial communication (48).  When viewing and mimicking targets’ expressions, observers 
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recruit brain systems broadly associated with mentalizing and experiencing emotion (21).  

By showing that targets recruit similar systems when producing expressions, this work 

clarifies how dyads synchronize brain activity related to experiencing emotion (48).  

Moreover, it suggests that dyads may also synchronize activity related to mentalizing 

during facial communication, as they do when communicating via eye-gaze or gesture 

(43) (47).  Future work combining simultaneous fMRI and psychophysiological 

recording could investigate how dyads synchronize their brain activity, facial behavior, 

and peripheral physiology. 

In contrast to their facial expressions, we did not find changes in how targets 

experienced emotion given the opportunity to communicate in Study 1.  Previous work 

has also found targets can tune their expressions without reporting changes in their 

experience (10) (12), but these studies included relatively few trials and may have been 

underpowered to detect effects.  Moreover, these studies did not record measures of 

targets’ physiological arousal, which could change independent of their reported 

experience.  We addressed these limitations in Study 1 but we did not find that informing 

targets they were visible to observers influenced their valence ratings, category ratings, or 

skin conductance responses.  However, we found a significant effect of instructing targets 

to communicate in Study 2, whereby targets rated positive images as more pleasant when 

told they were visible.  This finding is consistent with previous evidence that targets can 

experience more intense emotions when interacting with observers (17) (18).  This effect 

could be explained by evidence that disclosing information about oneself is intrinsically 

rewarding (49), and that being understood by others enhances feelings of social 

connectedness (50). 
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This social tuning of expression may be a vital form of interpersonal emotion 

regulation—the ways in which individuals manage their own and others’ emotions 

through social interaction (6).  Individuals who openly communicate their feelings 

develop more supportive relationships and social networks for regulating their emotions 

(7).  By producing expressions, targets may impact observers and the individuals with 

whom they interact.  Indeed, emotional communications are more likely to propagate 

across individuals (51) and intensify in turn (52).  Emotions thus transfer from person to 

person (53), scaffolding social interactions (37) and establishing shared reality (54).  For 

instance, it may be intrinsically rewarding to co-experience emotions with other people 

(55), and individuals adjust their emotional reactions to match how other people respond 

(56).  Future studies should directly test whether producing clear facial signals improves 

the social-emotional functioning of targets, observers, and their relationships. 

Successful cooperation requires clear communication.  Affective science has 

largely viewed social targets as stimuli, but in fact they are active participants in social 

exchange, as when they produce facial expressions to convey their internal states to 

observers.  Consistent with this view, we find that targets produce clearer facial 

expressions, and that they engage brain structures that are broadly associated with 

mentalizing, during social interaction.  From expression to perception, communication is 

a social endeavor.  
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Methods 

General Method 

Participants 

We recruited pairs of close female friends from the Stanford University student body and 

local community (Study 1 total N = 120; Study 2 total N = 32).  These sample sizes were 

pre-determined and data collection ceased once we reached these target sample sizes.  All 

participants were at least 18 years of age (Study 1: M = 19.89 years, SD = 2.93; Study 2: 

M = 20.44 years, SD = 2.76).  Informed consent was obtained in accordance with the 

Stanford University Research Compliance Office guidelines.  Participants were fully 

debriefed about any deception and the purpose of the experiment. 

Dyads of close friends were recruited given evidence that unfamiliar observers 

can inhibit or fail to influence facial expressions (12) (13).  Both members of each dyad 

completed online screening inventories assessing the duration of their friendship, their 

weekly contact, and their relationship closeness via the Inclusion of Other in the Self 

Scale (IOS) (57).  Dyads were required to meet the following inclusion criteria: average 

friendship length of at least six months (Study 1: M = 2.07 years, SD = 2.79; Study 2: M 

= 1.74 years, SD = 1.24), average weekly contact of at least twice per week (Study 1: M = 

5.21 times, SD = 1.90; Study 2: M = 8.90 times, SD = 6.85), and average IOS score of at 

least 3 (Study 1: M = 4.53, SD = 1.17; Study 2: M = 4.27, SD = 1.18).  See Data Analysis 

and Results for information on participants whose data we excluded due to technical 

failures and final Ns for each analysis.  
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Psychophysiological Data Acquisition and Processing 

Targets’ facial muscle activity was recorded via facial electromyography (EMG) 

at the left zygomaticus major (Studies 1 & 2) and levator labii superioris (Study 1) 

muscle sites.  We selected these sites for their relative specificity to positive 

(zygomaticus) and disgust (levator) expressions (31) (32).  To reduce signal impedances, 

facial sites were cleaned with alcohol pads, abraided with NuPrep, and washed with 

water.  Experimenters adhered BioPac Ag/AgCl electrode pairs with electrode gel (Study 

1: 4-mm; Study 2: MR-safe 11-mm) following established anatomical guidelines (58).  

For skin conductance responses (SCR; Study 1), targets rinsed their hands with soap and 

water, and experimenters adhered disposable BioPac Ag/AgCl electrode sensors with 

electrode gel to the middle phalanges of the third (middle) and fourth (ring) fingers of the 

left hand. 

Psychophysiological responses were recorded and amplified with BioPac MP150 

Data Acquisition Systems equipped with EMG100C Electromyogram Amplifiers and an 

EDA100C Electrodermal Activity Amplifier (Study 1), and an EMG100C-MRI 

Electromyogram Amplifier (Study 2), which reduces EPI-induced magnetic gradient 

switching artifact by approximately 100x (40 dB) compared to typical amplifiers.  EMG 

activity was sampled at 1,000-Hz (Study 1 gain = 2,000; Study 2 gain = 1,000), hardware 

low and high pass filtered at 500-Hz and 10-Hz, and notch filtered at 60-Hz.  SCR were 

sampled at 1,000-Hz with a gain of 5, hardware low pass filtered at 10-Hz, and notch 

filtered at 60-Hz.  Psychophysiological recordings were processed with AcqKnowledge, 

the Autonomic Nervous System Laboratory (ANSLab v2.4), and custom MATLAB 

scripts (The Mathworks, Natick, MA).  EMG data were high pass filtered at 28-Hz, low 
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pass filtered at 400-Hz in Study 1, comb band filtered at 60-Hz, resampled at 10-Hz, 

rectified, and smoothed.  This high pass filter reduced electromagnetic noise generated by 

EPI slice acquisition at 23-Hz (46 slices per 2-second TR) in Study 2.  SCR data were 

resampled at 25-Hz, rectified, and smoothed. 

For EMG data, we calculated 1000-ms pre-stimulus proximal baseline and 2000-

ms stimulus presentation averages for each trial.  For SCR, we calculated 1000-ms pre-

stimulus proximal baseline minima and 6000-ms stimulus presentation maxima.  

Proximal baseline-corrected difference scores were calculated by deducting proximal 

baseline values from stimulus presentation values.  Difference scores were log-

transformed to correct for the observed skewness inherent to EMG and SCR data.  

Psychophysiological data were omitted on trials where targets failed to either provide 

category ratings or demonstrate positive physiological difference scores. 

 

Statistics 

We tested whether instructing targets that they were visible to observers 

influenced (i) how much facial EMG activity targets produced, (ii) how targets 

experienced emotion, (iii) how accurately observers rated targets’ experiences in Study 1, 

and (iv) how targets produced facial EMG activity that tracked their experience in Study 

2.  For Study 1, we tested the interactions between visibility belief condition and task 

phase, as only targets in the visible condition knew that they were visible during the 

experimental phase.  For Study 2, we tested the interactions between visibility belief and 

image valence, and between visibility belief and targets’ valence ratings, to compare the 
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effect of visibility over positive versus neutral image-viewing.  Follow-up analyses tested 

the simple main effects of these interactions. 

We conducted linear regression analyses over continuous measures (facial EMG 

activity, valence ratings, and SCR) and multinomial logistic regression analyses over 

non-continuous measures (category ratings).  These mixed effect models included 

participant intercepts as random effects.  In Study 2, image valence significantly 

improved model fit as a random effect slope and was included in all models, and 

visibility belief condition was also included as a random effect slope in all facial EMG 

models for significantly improving model fit.  To obtain regression coefficients and 95% 

confidence intervals, we conducted follow-up bootstrapped regression analyses utilizing 

1,000 iterations (59).  Bootstrapped mediation and moderated mediation analyses 

likewise utilized 1,000 iterations. 

 

Study 1 

Procedure and Design 

Pair members were randomly assigned to either target or observer roles but were not 

informed about the two roles.  Instead, participants were told that they would complete 

two different studies and were escorted to two different testing rooms. 

Target Protocol.  Targets completed two 15-minute phases (72 trials each) of 

viewing images from the International Affective Picture System (IAPS) (60).  On each 

trial, targets viewed an image and rated the valence of their emotional responses on a 9-

point Likert scale (1 = very unpleasant; 9 = very pleasant).  Targets viewed one of two 

image blocks over each task phase and each block included 24 different positive, neutral, 
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and negative images for 72 images per block.  Negative images were selected to elicit 

disgust or fear and image blocks were balanced for valence, arousal, and social content 

(animacy and gender).  To control for order effects, block presentation order was 

counterbalanced and randomized across targets, and image presentation order was 

randomized within each block. 

Targets were randomly assigned to either visible or control belief conditions.  All 

targets completed a baseline phase in a testing room by themselves and targets in the 

control condition also completed the experimental phase by themselves.  Targets in the 

visible condition were informed—after completing the baseline phase—that they would 

be visible to their friend via video camera during the experimental phase.  These targets 

were not told why they would be visible and they were not explicitly instructed to change 

their behavior in any way.  In actuality, all targets were video recorded throughout both 

phases, to allow for measurements of interpersonal accuracy across task phases and 

visibility conditions.  After the experimental phase, targets reviewed all 144 images in the 

same order and retrospectively assigned their original emotional reactions to one of six 

discrete emotional categories: positive, neutral, anger, sadness, fear, and disgust. 

Observer Protocol.  Observers completed two 18-minute phases (72 trials each) 

in which they watched videos of targets’ reactions to each image.  On each trial, 

observers watched a six-second video, rated the valence of targets’ emotional responses 

on the same 9-point Likert scale (1 = very unpleasant; 9 = very pleasant), and assigned 

targets’ emotional reactions to one of the same six discrete emotional categories.  

Critically, observers could see targets’ reactions to each image, but not the actual images, 

such that they judged targets’ experiences on the basis of their facial expressions. 
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Data Analysis 

Missing Cases.  Three targets’ valence ratings failed to record during the baseline 

phase only.  Instrument failure resulted in the loss of psychophysiological data in the 

baseline phase only for SCR (1), zygomaticus (2), and levator (1); in the experimental 

phase only for SCR (1), zygomaticus (2), and levator (2); and across both phases for SCR 

(3; N = 57), zygomaticus (4; N = 56), and levator (2; N = 58).  In addition, we identified 

and removed statistical outliers from each dependent measure sample.  This decision was 

made prior to conducting any analyses on the basis that outliers in either visible or 

control groups could cause failures of randomization at baseline in this between-subjects 

design. 

Outliers.  We identified outliers whose mean responses in the baseline phase 

differed from the sample average by more than two standard deviations (61).  For targets’ 

valence ratings, we excluded outliers when viewing positive (3; N = 57), neutral (2; N = 

58), and negative images (1; N = 59).  Likewise, we excluded outliers for targets’ SCR 

when viewing positive (3; N = 54), neutral (4; N = 53), and negative images (4; N = 53).  

Analyses of targets’ facial EMG activity excluded outliers for zygomaticus major when 

viewing positive images (3; N = 53) and outliers for levator labii superioris when 

viewing disgusting images (2; N = 56).  For observers, we excluded outliers for category 

ratings overall (2; N = 58), and when viewing positive (2; N = 58), and disgusting images 

(4; N = 56); and outliers for valence ratings overall (2; N = 58), and when viewing 

positive (2; N = 58), and disgusting images (2; N = 58).  Sample sizes vary across 
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analyses as follows from these omissions and all sample sizes are reported in the Results 

section alongside each analysis. 

Manipulation Checks.  We confirmed that targets responded to images as 

predicted and that observers rated targets’ emotions with above chance accuracy.  For 

continuous measures of targets’ experience, we performed linear regression analyses 

confirming that targets rated positive images as more pleasant than neutral images, and 

negative images as less pleasant than neutral images, and that targets demonstrated larger 

SCR to positive images and negative images as compared to neutral images 

(Supplementary Tables 8-10).  For targets’ category ratings, we performed t-tests 

against chance (16.7%), confirming that targets assigned positive (68.9%), neutral 

(58.8%), disgusting (47.6%), and fearful (48.7%) images to their respective categories 

significantly above chance (Supplementary Table 11). 

For targets’ facial EMG activity, we conducted linear regression analyses 

confirming that targets generated greater zygomaticus activity in response to positive 

images (M = 2.61, SD = .67) versus neutral images (M = 2.40, SD = .51), b = -.19, t = -

12.38, p < .001, 95% CI [-.22, -.16]; and greater levator activity in response to disgusting 

images (M = 3.06, SD = .52) versus neutral images (M = 2.83, SD = .43), b = .057, t = 

13.97, p < .001, 95% CI [.049, .066].  For observers, we conducted linear regression 

analyses confirming that observers rated targets’ reactions as more pleasant for positive 

images versus neutral images, and less pleasant for negative images versus neutral 

images (Supplementary Tables 8-10).  Likewise, t-tests against chance (16.7%) 

confirmed that observers correctly categorized targets’ reactions to positive (26.6%), 
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neutral (53.3%), and disgusting (25.5%) images, but not fearful images (8.8%), at a rate 

significantly above chance (Supplementary Table 11). 

 

Study 2 

Stimuli 

In an initial pilot study, 10 pilot participants viewed 120 positive and 120 neutral 

images from the International Affective Picture System (IAPS) (60) and the Geneva 

Affective Picture Database (GAPED) (62).  Item analyses determined that images of 

animals and people evoked larger EMG responses at the zygomaticus major site (M = 

3.29, SD = .81) than inanimate images (M = 2.91, SD = .75), b = .38, t = 10.64, p < .001, 

95% CI [.31, .46].  However, the IAPS image set includes relatively few positive animate 

images.  We therefore collected positive images of infants and young animals from the 

internet for a second pilot study. 

In a second pilot study, we presented 120 of these positive images and 120 neutral 

IAPS and GAPED images to 6 new pilot participants.  Participants produced greater 

zygomaticus activity in response to the positive (M = 3.52, SD = .63) versus neutral 

images (M = 2.84, SD = .57), b = .68, t = 22.02, p < .001, 95% CI [.62, .74].  Likewise, 

they reported more positive experience in response to positive (M = 5.40, SD = 1.83) 

versus neutral images (M = 1.53, SD = 1.01) on a 7-point Likert scale, b = 3.87, t = 52.26, 

p < .001, 95% CI [3.73, 4.02]. 

We retained 120 of these positive images for the fMRI experiment and we used 

pilot participants’ valence ratings to balance image blocks.  Due to timing constraints, 
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and given our focus on the contrast of viewing positive images on visible versus control 

trials, we only retained 60 neutral IAPS images for the fMRI experiment. 

 

Procedure and Design 

Participants completed three 10-minute runs (60 trials each) of viewing positive 

and neutral images.  On each trial, participants viewed either a positive or neutral image 

and rated the valence of their emotional response to the image on a 7-point Likert scale (1 

= neutral; 7 = pleasant).  Participants viewed two blocks of images over each run and 

each block was assigned to one of two visibility belief conditions. 

For one block of each run, participants were told that their faces would be video 

recorded during image-viewing, as indicated by a cue displaying the words ‘VIDEO ON’ 

adjacent to a red circle at the top of the screen (63).  Participants were told that their 

friends would later review these video recordings and rate participants’ emotions.  We 

therefore instructed participants to clearly communicate their emotions on these visible 

trials.  For the other block of each run, participants were told that they would not be video 

recorded, as indicated by a cue displaying the words ‘VIDEO OFF’ adjacent to a grey 

rectangle at the top of the screen.  We instructed participants to respond naturally while 

viewing images on these control trials.  To enhance believability, we positioned an MR-

safe video camera on the scanner head coil and showed participants a live video feed of 

their faces before the experiment.  In actuality, participants were never video recorded. 

Participants viewed 30 images per block (20 positive / 10 neutral) for 60 images 

per run (40 positive / 20 neutral).  We balanced six total image blocks for image valence 

and we additionally balanced IAPS images for arousal and animacy.  To control for block 
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order effects, block presentation order was randomized across participants.  Within each 

block, image presentation order and jitter duration were pseudo-randomized to optimize 

statistical power for fMRI analyses.  We generated six different optimized image 

valence/jitter sequences using optseq2 and randomized these sequences across the six 

image blocks for each participant (64).  This preset the order in which participants 

viewed positive and neutral images but randomized which image appeared on each trial.  

Image presentations were time-locked to 2000-ms TRs. 

 We further randomized the six image blocks and six image valence/jitter 

sequences across the visible and control conditions such that participants viewed three 

blocks of images under each condition.  To control for visibility belief condition order 

effects, we counterbalanced condition order across participants.  Here, we generated six 

possible visibility belief condition orders that ensured (i) each run included one block of 

visible trials and one block of control trials, (ii) participants never viewed more than two 

consecutive image blocks under the same visibility belief condition, and (iii) participants 

never completed more than two runs of image-viewing in the same visibility belief 

condition order.  Following the main experiment, participants underwent an anatomical 

MRI scan. 

 

Neuroimaging Acquisition and Processing 

We recorded functional imaging data on a 3-T General Electric MR750 scanner 

with a gradient-echo echo-planar-imaging sequence (46 axial slices of 2.9-mm3 voxels; 

TR = 2000-ms; TE = 25-ms; 80x80 matrix; flip angle 90°; FOV 23.2x23.2-cm), followed 

by a high-resolution T1-weighted anatomical scan (186 axial slices of 0.9-mm3 voxels; 
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TR = 7.2-ms; TE = 2.8-ms; 256x256 matrix; flip angle 12°; FOV 25.6x23.2-cm).  MRI 

data were preprocessed and analyzed in FSL (65).  To ensure stabilization, the first 4 TRs 

were discarded.  Functional data were motion corrected with MCFLIRT, slice-time 

corrected for interleaved acquisition, brain extracted with BET, spatially smoothed (5-

mm), high-pass temporally filtered (100-s cutoff), registered to anatomical scans (6 

DOF), and transformed to standard structural space (12 DOF) with Brain Template 152 

from the Montreal Neurological Institute (MNI). 

 

Data Analysis 

Missing Cases.  One participant’s fMRI data failed to record due to instrument 

failure and two participants failed to respond to more than 20% of total trials.  We 

excluded these three participants’ data from all analyses (final N = 29). 

BOLD Data.  Functional scans were analyzed through mixed effect general linear 

models (GLMs).  We convolved regressors with a canonical gamma hemodynamic 

response function (lag M = 6-s, SD = 3) and applied temporal filtering.  All GLMs used 

FILM prewhitening and included confound regressors for temporal derivatives, standard 

motion parameters, and motion outliers.  We ran second-level analyses over each 

participant’s three first-level analyses, group-level analyses (FLAME 1) over second-

level analyses, and applied a cluster-defining threshold of z > 3.09 (p < .001) with FWE 

correction (p < .05) as a stringent parametric correction for multiple comparisons (66).   

Univariate contrasts examined the main effects of image valence (Positive > 

Neutral) and visibility belief (Visible > Control) manipulations.  To ensure that image 

valence and visibility belief contrasts reflected main effects only, GLMs examining 
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univariate contrasts included a regressor coding their interaction, effectively removing 

any variance shared between main effects and the interaction.  Parametric contrasts 

identified brain activity tracking facial EMG responses (34) (67) (68).  GLMs examining 

parametric contrasts controlled for potential collinearity with BOLD responses to image-

viewing in two ways. 

 First, to eliminate collinearity with the image-viewing task, EMG regressors were 

demeaned for each run (69).  Second, to control for collinearity with task manipulations, 

relevant task contrast regressors were included whenever EMG regressors spanned 

multiple task conditions.  Specifically, we included main effect and interaction regressors 

when examining EMG overall and simple main effect regressors when examining EMG 

during positive image-viewing.  These controls ensured that EMG regressors reflected 

parametric relationships only, by effectively removing any variance shared with main 

effect or interaction regressors.  For each BOLD contrast, we report the coordinates of 

activation peaks and relevant terms associated with coordinates in Neurosynth meta-

analyses of published neuroimaging research (70).  



Communicating emotion through facial expressions 

	 43 

Author Contributions 

W.C.W. contributed to study design, data acquisition, data analysis, and manuscript 

preparation.  Y.C.L. and E.A.C. contributed to data analysis.  E.C.N. contributed to study 

design and implementation.  J.S. contributed to data acquisition.  J.Z. contributed to study 

design and manuscript preparation.  All authors provided comments and approved of the 

final manuscript.  



Communicating emotion through facial expressions 

	 44 

References 
 

1.  Pickering MJ, Garrod S (2004) Toward a mechanistic psychology of dialogue. 
Behav Brain Sci 27(2):169–226. 

2.  Zaki J, Ochsner K (2011) Reintegrating the Study of Accuracy Into Social 
Cognition Research. Psychol Inq 22(3):159–182. 

3.  Barrett LF, Mesquita B, Gendron M (2011) Context in Emotion Perception. Curr 
Dir Psychol Sci 20(5):286–290. 

4.  Aviezer H, Ensenberg N, Hassin RR (2017) The inherently contextualized nature 
of facial emotion perception. Curr Opin Psychol 17:47–54. 

5.  Olsson A, et al. (2016) Vicarious fear learning depends on empathic appraisals and 
trait empathy. Psychol Sci 27(1):25–33. 

6.  Zaki J, Williams WC (2013) Interpersonal emotion regulation. Emotion 
13(5):803–10. 

7.  Williams WC, Morelli SA, Ong DC, Zaki J (2018) Interpersonal Emotion 
Regulation: Implications for Affiliation, Perceived Support, Relationships, and 
Well-Being. J Pers Soc Psychol 115(2):224–254. 

8.  Kraut RE, Johnston RE (1979) Social and emotional messages of smiling: An 
ethological approach. J Pers Soc Psychol 37(9):1539–1553. 

9.  Fernández-Dols J-M, Ruiz-Belda M-A (1995) Are smiles a sign of happiness? 
Gold medal winners at the Olympic Games. J Pers Soc Psychol 69(6):1113–1119. 

10.  Fridlund A (1991) Sociality of solitary smiling: Potentiation by an implicit 
audience. J Pers Soc Psychol 60(2):229–240. 

11.  Hess U, Banse R, Kappas A (1995) The intensity of facial expression is 
determined by underlying affective state and social situation. J Pers Soc Psychol 
69(2):280–288. 

12.  Wagner HL, Smith J (1991) Facial expression in the presence of friends and 
strangers. J Nonverbal Behav 15(4):201–214. 

13.  Buck R, Losow JIJI, Murphy MM, Costanzo P (1992) Social facilitation and 
inhibition of emotional expression and communication. J Pers Soc Psychol 
63(6):962–968. 

14.  Parkinson B (2005) Do facial movements express emotions or communicate 
motives? Personal Soc Psychol Rev 9(4):278–311. 

15.  Ekman P (1971) Universals and cultural differences in facial expressions of 
emotion. Nebraska Symp Motiv 19:207–283. 

16.  Buck R (1984) The communication of emotion (Guilford Press, New York). 
17.  Boothby EJ, Clark MS, Bargh JA (2014) Shared Experiences Are Amplified. 

Psychol Sci 25(12):2209–2216. 
18.  Wagner U, et al. (2014) Beautiful friendship: Social sharing of emotions improves 

subjective feelings and activates the neural reward circuitry. Soc Cogn Affect 
Neurosci 10(6):801–808. 

19.  Bavelas JB, Chovil N (2000) Visible Acts of Meaning: An Integrated Message 
Model of Language in Face-to-Face Dialogue. J Lang Soc Psychol 19(2):163–194. 

20.  Crivelli C, Fridlund AJ (2018) Facial Displays Are Tools for Social Influence. 
Trends Cogn Sci 22(5):388–399. 

21.  Niedenthal PM, Mermillod M, Maringer M, Hess U (2010) The Simulation of 



Communicating emotion through facial expressions 

	 45 

Smiles (SIMS) model: Embodied simulation and the meaning of facial expression. 
Behav Brain Sci 33(6):417–433. 

22.  Martin J, Rychlowska M, Wood A, Niedenthal P (2017) Smiles as Multipurpose 
Social Signals. Trends Cogn Sci 21(11):864–877. 

23.  Tomasello M (2010) Origins of human communication (MIT Press). 
24.  Jakobs E, Manstead ASR, Fischer AH (1999) Social Motives and Emotional 

Feelings as Determinants of Facial Displays: The Case of Smiling. Personal Soc 
Psychol Bull 25(4):424–435. 

25.  Páez D, Rimé B, Basabe N, Wlodarczyk A, Zumeta L (2015) Psychosocial Effects 
of Perceived Emotional Synchrony in Collective Gatherings. J Pers Soc Psychol 
108(5):711–729. 

26.  Tamir DI, Hughes BL (2018) Social Rewards: From Basic Social Building Blocks 
to Complex Social Behavior. Perspect Psychol Sci 13(6):700–717. 

27.  Koster-Hale J, Saxe R (2013) Theory of Mind: A Neural Prediction Problem. 
Neuron 79(5):836–848. 

28.  Schaafsma SM, Pfaff DW, Spunt RP, Adolphs R (2015) Deconstructing and 
reconstructing theory of mind. Trends Cogn Sci 19(2):65–72. 

29.  Lindquist K a, Wager TD, Kober H, Bliss-Moreau E, Barrett LF (2012) The brain 
basis of emotion: a meta-analytic review. Behav Brain Sci 35(3):121–43. 

30.  Lindquist KA, Satpute AB, Wager TD, Weber J, Barrett LF (2016) The Brain 
Basis of Positive and Negative Affect: Evidence from a Meta-Analysis of the 
Human Neuroimaging Literature. Cereb Cortex 26(5):1910–1922. 

31.  Dimberg U (1990) Facial electromyography and emotional reactions. 
Psychophysiology 27(5):481–494. 

32.  Vrana SR (1993) The psychophysiology of disgust: differentiating negative 
emotional contexts with facial EMG. Psychophysiology 30(3):279–86. 

33.  Schurz M, Radua J, Aichhorn M, Richlan F, Perner J (2014) Fractionating theory 
of mind: A meta-analysis of functional brain imaging studies. Neurosci Biobehav 
Rev 42:9–34. 

34.  Van Rootselaar AF, et al. (2007) fMRI analysis for motor paradigms using EMG-
based designs: A validation study. Hum Brain Mapp 28(11):1117–1127. 

35.  Grèzes J, Decety J (2000) Functional anatomy of execution, mental simulation, 
observation, and verb generation of actions: A meta-analysis. Hum Brain Mapp 
12(1):1–19. 

36.  Zaki J, Bolger N, Ochsner K (2008) It takes two: The interpersonal nature of 
empathic accuracy. Psychol Sci 19(4):399–404. 

37.  Van Kleef G (2010) The emerging view of emotion as social information. Soc 
Personal Psychol Compass 4(5):331–343. 

38.  Heller AS, Greischar LL, Honor A, Anderle MJ, Davidson RJ (2011) 
Simultaneous acquisition of corrugator electromyography and functional magnetic 
resonance imaging: a new method for objectively measuring affect and neural 
activity concurrently. Neuroimage 58(3):930–4. 

39.  Heller AS, Lapate RC, Mayer KE, Davidson RJ (2014) The Face of Negative 
Affect: Trial-by-Trial Corrugator Responses to Negative Pictures Are Positively 
Associated with Amygdala and Negatively Associated with Ventromedial 
Prefrontal Cortex Activity. J Cogn Neurosci 26(9):2102–2110. 



Communicating emotion through facial expressions 

	 46 

40.  Likowski KU, et al. (2012) Facial mimicry and the mirror neuron system: 
simultaneous acquisition of facial electromyography and functional magnetic 
resonance imaging. Front Hum Neurosci 6(July):1–10. 

41.  Rymarczyk K, Zurawski L, Jankowiak-Siuda K, Szatkowska I (2018) Neural 
correlates of facial mimicry: Simultaneous measurements of EMG and BOLD 
responses during perception of dynamic compared to static facial expressions. 
Front Psychol 9(FEB):1–17. 

42.  Schippers MB, Gazzola V, Goebel R, Keysers C (2009) Playing charades in the 
fMRI: are mirror and/or mentalizing areas involved in gestural communication? 
PLoS One 4(8):e6801. 

43.  Schippers MB, Roebroeck A, Renken R, Nanetti L, Keysers C (2010) Mapping the 
information flow from one brain to another during gestural communication. Proc 
Natl Acad Sci U S A 107(20):9388–93. 

44.  Schilbach L, et al. (2010) Minds made for sharing. An fMRI investigation of the 
neural correlates of joint attention during engagement in online social interaction. 
Neuroimage 22(12):2702–2715. 

45.  Dikker S, Silbert LJ, Hasson U, Zevin JD (2014) On the Same Wavelength: 
Predictable Language Enhances Speaker-Listener Brain-to-Brain Synchrony in 
Posterior Superior Temporal Gyrus. J Neurosci 34(18):6267–6272. 

46.  Silbert LJ, Honey CJ, Simony E, Poeppel D, Hasson U (2014) Coupled neural 
systems underlie the production and comprehension of naturalistic narrative 
speech. Proc Natl Acad Sci U S A 111(43):E4687–E4696. 

47.  Bilek E, et al. (2015) Information flow between interacting human brains: 
Identification, validation, and relationship to social expertise. Proc Natl Acad Sci 
112(16):5207–5212. 

48.  Anders S, Heinzle J, Weiskopf N, Ethofer T, Haynes J-D (2011) Flow of affective 
information between communicating brains. Neuroimage 54(1):439–46. 

49.  Tamir DI, Zaki J, Mitchell JP (2015) Informing others is associated with 
behavioral and neural signatures of value. J Exp Psychol Gen 144(6):1114–1123. 

50.  Morelli SA, Torre JB, Eisenberger NI (2014) The neural bases of feeling 
understood and not understood. Soc Cogn Affect Neurosci 9(12):1890–1896. 

51.  Brady WJ, Wills JA, Jost JT, Tucker JA, Van Bavel JJ (2017) Emotion shapes the 
diffusion of moralized content in social networks. Proc Natl Acad Sci 
114(28):7313–7318. 

52.  Goldenberg A, Gross JJ, Garcia D (2018) Emotional Sharing on Social Media: 
How Twitter Replies Contribute to Increased Emotional Intensity.pdf. PsyArXiv:1–
23. 

53.  Butler EA (2015) Interpersonal Affect Dynamics: It Takes Two (and Time) to 
Tango. Emot Rev 7(4):336–341. 

54.  Echterhoff G, Higgins ET, Levine JM (2009) Shared reality: Experiencing 
commonality with others’ inner states about the world. Perspect Psychol Sci 
4(5):496–521. 

55.  Kuhn S, et al. (2011) Neural correlates of emotional synchrony. Soc Cogn Affect 
Neurosci 6(3):368–374. 

56.  Prehn K, et al. (2015) The neural correlates of emotion alignment in social 
interaction. Soc Cogn Affect Neurosci 10(3):435–443. 



Communicating emotion through facial expressions 

	 47 

57.  Aron A, Aron EN, Smollan D (1992) Inclusion of Other in the Self Scale and the 
Structure of Interpersonal Closeness. J Pers Soc Psychol 63(4):596–612. 

58.  Fridlund A, Cacioppo J (1986) Guidelines for human electromyographic research. 
Psychophysiology 23(5):567–589. 

59.  Preacher KJ, Hayes AF (2004) SPSS and SAS procedures for estimating indirect 
effects in simple mediation models. Behav Res Methods, Instruments, Comput 
36(4):717–731. 

60.  Lang, P. J., Bradley, M. M., & Cuthbert BN (1997) International affective picture 
system (IAPS): Technical manual and affective ratings. NIMH Cent Study Emot 
Atten:39–58. 

61.  Miller J (1991) Short Report: Reaction Time Analysis with Outlier Exclusion: Bias 
Varies with Sample Size. Q J Exp Psychol Sect A 43(4):907–912. 

62.  Dan-Glauser ES, Scherer KR (2011) The Geneva affective picture database 
(GAPED): A new 730-picture database focusing on valence and normative 
significance. Behav Res Methods 43(2):468–477. 

63.  Somerville LH, et al. (2013) The medial prefrontal cortex and the emergence of 
self-conscious emotion in adolescence. Psychol Sci 24(8):1554–62. 

64.  Dale AM (1999) Optimal Experimental Design for Event-Related fMRI. Hum 
Brain Mapp 8:109–114. 

65.  Jenkinson M, Beckmann CF, Behrens TEJ, Woolrich MW, Smith SM (2012) Fsl. 
Neuroimage 62(2):782–790. 

66.  Eklund A, Nichols TE, Knutsson H (2016) Cluster failure: Why fMRI inferences 
for spatial extent have inflated false-positive rates. Proc Natl Acad Sci:201602413. 

67.  Critchley HD, Elliott R, Mathias CJ, Dolan RJ (2000) Neural activity relating to 
generation and representation of galvanic skin conductance responses: a functional 
magnetic resonance imaging study. J Neurosci 20(8):3033–3040. 

68.  Critchley HD, Melmed RN, Featherstone E, Mathias CJ, Dolan RJ (2002) 
Volitional Control of Autonomic Arousal: A Functional Magnetic Resonance 
Study. Neuroimage 16(4):909–919. 

69.  Mumford JA, Poline JB, Poldrack RA (2015) Orthogonalization of regressors in 
fMRI models. PLoS One 10(4):1–11. 

70.  Yarkoni T, Poldrack RAR, Nichols TTE, Van Essen DC, Wager TD (2011) Large-
scale automated synthesis of human functional neuroimaging data. Nat Methods 
8(8):665–670. 

  



Communicating emotion through facial expressions 

	 48 

Supplementary Table 1 

Main effect of image valence: Positive > Neutral. 
Region Z score x y z 

Left primary motor cortex 7.57 -30 -24 66 
Left primary somatosensory cortex 7.46 -52 -24 50 
Right cerebellum 7.45 16 -52 -24 
Right middle temporal visual area (v5) 7.31 50 -74 0 
Left occipital cortex 6.57 -48 -80 -4 
Right cerebellar vermis 6.38 12 -64 -50 
Precuneus 5.88 4 -62 40 
Left middle temporal visual area (v5) 5.86 -50 -80 2 
Left fusiform face area 5.70 -44 -78 -16 
Right primary motor cortex 5.53 44 -8 32 
Left cerebellum 4.87 -46 -54 -32 
PCC 4.85 4 -54 24 
Right medial temporal cortex 4.77 32 -6 -42 
Right insula 4.72 34 10 -16 
Right caudate 4.67 20 -22 22 
Left inferior occipital cortex 4.65 -36 -84 -22 
Right temporal pole 4.58 26 12 -28 
Right anterior temporal cortex 4.56 36 0 -42 
Right anterior hippocampus 4.39 30 20 -34 
Right amygdala 4.28 32 -4 -24 
Left dorsolateral prefrontal cortex 3.59 -32 42 16 
Note: Cluster-defining threshold z > 3.09 (p < .001) with FWE correction p < .05.  
Coordinates are in Montreal Neurologic Institute (MNI) stereotaxic space. 
 

  



Communicating emotion through facial expressions 

	 49 

	 	

Supplementary Table 2 

Main effect of visibility belief condition: Visible > Control. 
Region Z score x y z 

SMA 6.96 -2 4 58 
Right occipital cortex 6.13 16 -88 32 
Left posterior insula 6.05 -44 6 -6 
Right posterior STS 5.89 46 -36 -2 
Right anterior STS 5.82 50 -26 -10 
Left secondary somatosensory cortex 5.79 -50 0 2 
Left occipital cortex 5.78 -2 -82 26 
Right TPJ 5.7 64 -38 34 
Right posterior parietal cortex 5.68 60 -38 30 
Right ventral striatum 5.68 20 10 -6 
Left anterior insula 5.63 -42 18 -10 
Right cerebellum 5.62 32 -58 -36 
Left primary motor cortex 5.57 -50 -12 40 
Right secondary somatosensory cortex 5.55 56 10 0 
Left cerebellum 5.53 -36 -56 -36 
PCC 5.51 -4 -16 38 
Right premotor cortex 5.37 52 -4 44 
Left posterior parietal cortex 5.35 -64 -42 24 
Left premotor cortex 5.33 -54 -8 42 
Left TPJ 5.05 -54 -52 20 
Precuneus 5.05 -2 -50 54 
ACC 5.02 6 16 28 
Left anterior STS 4.52 -44 -54 4 
Brainstem 4.46 6 -36 -40 
Left inferior parietal lobule 4.44 -56 -48 42 
Right dorsolateral prefrontal cortex 4.4 32 32 24 
Left posterior STS 4.12 -60 -62 6 
Note:  Cluster-defining threshold z > 3.09 (p < .001) with FWE correction p < .05.  
Coordinates are in Montreal Neurologic Institute (MNI) stereotaxic space. 
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Supplementary Table 3 

Neurosynth terms associated with brain activity: Univariate contrasts. 
Region Term Z score 

Image valence (Positive > Neutral) --- --- 
Left primary motor cortex movement 10.51 
Left primary somatosensory cortex motor task 7.43 
Right cerebellum movements 12.02 
Right cerebellar vermis movements 5.85 
Right primary motor cortex production 9.03 
Left cerebellum motor performance 4.39 
Right insula emotional information 3.91 
Right amygdala emotional 12.54 

Visibility belief (Visible > Control) --- --- 
SMA movements 7.37 
Right posterior STS social 4.70 
Right anterior STS theory mind 4.69 
Left secondary somatosensory cortex movements 4.60 
Right TPJ resonance compare 4.40 
Right cerebellum motor 4.33 
Left primary motor cortex movement 5.95 
Right secondary somatosensory cortex movement 4.96 
Left cerebellum movements 3.80 
PCC social 3.54 
Right premotor cortex movements 9.84 
Left premotor cortex movements 6.87 
Left TPJ theory mind 9.08 
Precuneus mentalizing 3.58 
Left posterior STS actions 4.05 
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Supplementary Table 4 

EMG parametric contrast collapsing across all task conditions. 
Region Z score x y z 

Left primary somatosensory cortex 5.41 -46 -16 32 
Left primary auditory cortex 5.14 -58 -32 16 
Right premotor cortex 5.13 56 -2 36 
Precuneus 4.94 -2 -82 40 
SMA 4.52 10 8 66 
Right primary somatosensory cortex 4.47 64 -28 28 
Right primary auditory cortex 4.46 58 -2 4 
Right cerebellum 4.38 6 -74 -20 
Left cerebellum 4.36 -20 -62 -26 
Cuneus 3.85 -8 -76 24 
Note: Cluster-defining threshold z > 3.09 (p < .001) with FWE correction p < .05.  
Coordinates are in Montreal Neurologic Institute (MNI) stereotaxic space. 
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Supplementary Table 5 

EMG parametric contrast during positive image-viewing. 
Region Z score x y z 

Right premotor cortex 5.85 56 -4 38 
Right cerebellum 5.40 50 -60 -34 
Cuneus 5.16 10 -82 40 
Left primary somatosensory cortex 5.07 -46 -16 32 
Left primary auditory cortex 4.88 -58 -32 16 
Precuneus 4.81 0 -80 40 
SMA 4.77 8 4 70 
Right primary motor cortex 4.76 50 -12 34 
Right secondary somatosensory cortex 4.63 64 0 14 
Right posterior parietal cortex 4.62 60 -38 26 
Left cerebellum 4.59 -40 -78 -34 
Thalamus 4.58 0 -22 10 
Left ventral striatum 4.46 -16 -8 -4 
Right TPJ 4.41 62 -40 22 
Left insula 4.41 -36 2 4 
Left thalamus 4.41 -16 -20 0 
Right primary somatosensory cortex 4.29 46 -32 16 
Left primary motor cortex 4.27 -56 -8 32 
Left secondary somatosensory cortex 4.26 -66 -32 30 
ACC 3.83 -6 20 24 
Right caudate 3.70 18 -4 24 
Right superior parietal cortex 3.55 26 -40 68 
Note: Cluster-defining threshold z > 3.09 (p < .001) with FWE correction p < .05.  
Coordinates are in Montreal Neurologic Institute (MNI) stereotaxic space. 
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Supplementary Table 6 

EMG parametric contrast during positive image-viewing when believed visible. 
Region Z score x y z 

Right premotor cortex 5.99 56 -4 36 
Right cerebellum 5.52 4 -76 -20 
Cuneus 4.99 12 -82 40 
Left cerebellum 4.85 -38 -78 -34 
Left primary somatosensory cortex 4.83 -46 -16 32 
SMA 4.79 10 4 62 
Left secondary somatosensory cortex 4.72 -54 -8 18 
Left primary auditory cortex 4.69 -66 -36 22 
Right primary somatosensory cortex 4.68 46 -32 18 
Thalamus 4.63 0 -8 8 
Right secondary somatosensory cortex 4.47 62 2 6 
Right anterior STS 4.39 46 -24 -4 
Right TPJ 4.19 62 -40 22 
Left ventral striatum 4.10 -16 -8 -4 
Right superior parietal cortex 3.86 20 -50 70 
PCC 3.85 0 -46 12 
Precuneus 3.26 8 -40 54 
Note: Cluster-defining threshold z > 3.09 (p < .001) with FWE correction p < .05.  
Coordinates are in Montreal Neurologic Institute (MNI) stereotaxic space. 
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Supplementary Table 7 

Neurosynth terms associated with brain activity: EMG parametric contrasts. 
Region Term Z score 

All task conditions --- --- 
Left primary somatosensory cortex production 5.19 
Right premotor cortex movements 6.31 
Precuneus mind tom 3.74 
SMA movement 3.56 
Right primary somatosensory cortex movement 4.50 
Right cerebellum movements 5.44 
Left cerebellum movement 6.91 

Positive image-viewing --- --- 
Right premotor cortex movements 6.53 
Right cerebellum tapping 4.30 
Left primary somatosensory cortex production 5.19 
SMA movements 4.90 
Right primary motor cortex production 9.41 
Right secondary somatosensory cortex production 5.03 
Left ventral striatum monetary reward 4.77 
Left insula affective 5.34 
Right primary somatosensory cortex motor 3.40 
Left primary motor cortex movement 3.83 
Left secondary somatosensory cortex motor 3.13 
ACC fear 5.47 
Right caudate monetary reward 4.80 

Positive image-viewing when believed visible --- --- 
Right premotor cortex movements 5.41 
Right cerebellum movements 5.20 
Left cerebellum motor performance 5.06 
Left primary somatosensory cortex motor 4.65 
Left secondary somatosensory cortex motor 3.36 
Right primary somatosensory cortex motor 4.51 
Right secondary somatosensory cortex motor 4.07 
Right anterior STS speech 8.21 
Right TPJ action observation 7.44 
Left ventral striatum monetary reward 4.77 
Precuneus person 3.88 
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Supplementary Table 8 
 
Descriptive statistics: Valence ratings and skin conductance responses by image 
valence. 

--- Positive Neutral Negative 
--- M SD M SD M SD 

Targets --- --- --- --- --- --- 
Valence ratings 7.23 1.23 5.06 .97 2.66 1.43 

Skin conductance responses 4.85 1.04 4.81 1.01 4.87 1.03 

Observers --- --- --- --- --- --- 
Valence ratings 5.01 1.78 4.36 1.43 3.96 1.64 

Note: Skin conductance responses are log-transformed. 
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Supplementary Table 9 
 
Manipulation checks: Positive vs. neutral linear regression analyses. 

--- b CI t 
Targets --- --- --- 

Valence ratings -2.11 [-2.17, -2.05] -68.90*** 

Skin conductance responses -.079 [-.15, -.0087] -2.22* 

Observers --- --- --- 
Valence ratings -.66 [-.74, -.58] -14.93*** 

Note: * p < .05.  ** p < .01.  *** p < .001.  CI = .95. 
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Supplementary Table 10 
 
Manipulation checks: Negative vs. neutral linear regression analyses. 

--- b CI t 
Targets --- --- --- 

Valence ratings -2.39 [-2.45, -2.32] -70.57*** 

Skin conductance responses .097 [.024, .16] 2.75** 

Observers --- --- --- 
Valence ratings -.37 [-.44, -.29] -9.26*** 

Note: * p < .05.  ** p < .01.  *** p < .001.  CI = .95. 
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Supplementary Table 11 
 
Manipulation checks: Category ratings vs. chance t-test analyses. 

--- d CI t 
Targets --- --- --- 

Positive .52 [.50, .54] 46.86*** 

Neutral .42 [.40, .45] 36.49*** 

Disgust .092 [.061, .12] 6.04*** 

Fear -.084 [-.11, -.062] -6.91*** 

Observers --- --- --- 
Positive .10 [.076, .12] 8.90*** 

Neutral .37 [.34, .39] 29.54*** 

Disgust .088 [.050, .12] 4.68*** 

Fear -.077 [-.11, -.049] -5.43*** 

Note: * p < .05.  ** p < .01.  *** p < .001.  CI = .95. 
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Appendix A 

Study 1 Emotion Category Analyses 

Targets and observers also assigned targets’ experiences to one of six discrete emotional 

categories: positive, neutral, anger, sadness, fear, and disgust.  Whereas valence ratings 

indexed the emotional intensity of targets’ experiences, category ratings indexed the 

emotional quality of their experiences.  In a parallel set of analyses, we estimated the 

agreement between targets’ and observers’ category ratings—as a second measure of 

interpersonal accuracy, we related this agreement to targets’ EMG activity through 

mediation analyses, and we analyzed targets’ category ratings—as an additional measure 

of their experience.   

 

Interpersonal Accuracy 

To assess how well observers understood the emotional quality of targets’ 

experiences, we examined the extent to which their emotion category ratings agreed with 

targets’ own emotion category ratings (N = 58).  Observers rated targets in the visible 

condition more accurately—as indicated by more frequent agreement with targets’ 

category ratings—in comparison to baseline (Table A1), as revealed by an interaction 

between visibility belief condition and task phase (Figure A1a). 

Having found that targets amplified their positive and disgust expressions when 

they knew they were visible, we further examined how accurately observers categorized 

targets’ emotions when targets viewed positive images (N = 58) or disgusting images (N 

= 56).  When targets in the visible condition viewed positive images, observers rated their 

emotions more accurately—as indicated by correctly categorizing their positive 
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experiences more often—versus baseline and versus targets in the control condition, as 

shown by an interaction.  Observers showed no change in their accuracy rating targets in 

the control condition relative to baseline, and no difference rating targets in visible versus 

control conditions at baseline.  Although the interaction was not significant, when targets 

in the visible condition viewed disgusting images, observers again rated their emotions 

more accurately—as indicated by correctly categorizing their disgust experiences more 

frequently—versus baseline and versus targets in the control condition.  Observers did 

not show changes from baseline in their accuracy rating targets in the control condition. 

In sum, observers better understood the quality of targets’ emotions—and 

specifically how they experienced positive emotion and disgust—when targets knew they 

were visible.  
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Figure A1.  Mean observer interpersonal accuracy by task phase and visibility 
belief condition interaction: observer category rating accuracy scores.  Error bars 
depict 95% confidence intervals.  
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Table A1 
 
Visibility belief effects over interpersonal accuracy: Category accuracy scores. 

--- b CI z 
Overall --- --- --- 

Interaction: task phase * visibility condition .22 [.016, .42] 2.22* 

Visible targets: experimental phase > baseline .24 [.10, .37] 3.32*** 

Experimental phase: visible targets > controls .24 [.10, .39] 1.77 

Positive images  --- --- --- 
Interaction: task phase * visibility condition .51 [.11, .90] 2.55* 

Visible targets: experimental phase > baseline .31 [.058, .55] 2.35* 

Experimental phase: visible targets > controls .92 [.63, 1.20] 3.78*** 

Disgusting images --- --- --- 
Interaction: task phase * visibility condition .45 [-.20, 1.17] 1.38 

Visible targets: experimental phase > baseline .53 [.077, .96] 2.28* 

Experimental phase: visible targets > controls .79 [.30, 1.29] 2.36* 

Note: * p < .05.  ** p < .01.  *** p < .001.  CI = .95. 

 

Facial Electromyography Mediates Interpersonal Accuracy 

Zygomaticus Major 

When viewing positive images, targets produced increased zygomaticus EMG 

activity when they knew they were visible, and this mediated observers rating their 

positive experiences more accurately.  For category ratings, observers rated targets in the 

visible condition (N = 25) more accurately as compared to baseline, these targets 

produced increased  zygomaticus EMG activity relative to baseline, and observers rated 

these targets more accurately as they produced increased zygomaticus EMG activity 

(Figure A2a).  Observers rating these targets more accurately was mediated by targets 
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producing increased EMG activity, as revealed by a Sobel test showing that including 

targets’ EMG activity in the model reduced c, ab = .043, z = 3.25, p < .001, 95% CI 

[.019, .069].  This mediation was moderated by visibility belief condition such that we 

found this mediation for dyads in the visible condition, but not for dyads in the control 

condition (N = 27), as indicated by a moderated mediation analysis (N = 52) showing 

differences in the average causal mediation effects (ACME) across these mediation 

analyses, δ(t) = -.035, p = .004, 95% CI [-.061, -.010]. 

 
 

 

Figure A2.  Target facial EMG activity mediates the effect of target visibility 
beliefs over observer category rating accuracy: mediation by (a) zygomaticus 
EMG activity during positive image-viewing, and (b) levator EMG activity during 
disgusting image-viewing.  Note: * p < .05.  ** p < .01.  *** p < .001. 

 

Levator Labii Superioris 

When viewing disgusting images, targets generated increased levator EMG 

activity when they were informed that they were visible, and this mediated observers 

categorizing their disgust experiences more accurately.  Observers made more accurate 

category ratings of targets in the visible condition (N = 25) in comparison to baseline, 

these targets generated increased levator EMG activity relative to baseline, and observers 

made more accurate category ratings as targets generated increased levator EMG activity 

(Figure A2b).  Observers making more accurate category ratings was mediated by 

(a) (b) 
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targets generating increased EMG activity, as demonstrated by a Sobel test finding that 

including targets’ EMG activity in the model reduced c, ab = .031, z = 2.51, p = .012, 

95% CI [.0090, .059].  This mediation was moderated by visibility belief condition in that 

we detected mediation for dyads in the visible condition, but not for dyads in the control 

condition (N = 28), as shown by a moderated mediation analysis (N = 53) finding 

variation in ACME across these mediation analyses, δ(t) = -.026, p = .014, 95% CI [-

.049, -.0044]. 

 

Target Experience 

Targets did not show any differences in how they assigned their experiences to 

one of six emotion categories depending upon whether or not they knew they were visible 

(N = 60).  We detected a single interaction between visibility belief condition and task 

phase concerning how targets categorized experiencing neutral images as neutral vs. 

positive, b = -.37, z = -1.97, p = .049, 95% CI [-.75, -.0062]; however, targets showed no 

differences in how they categorized experiencing neutral images as neutral vs. positive 

between visible and control conditions or relative to baseline.  Targets further showed no 

differences in how they categorized experiencing positive images as positive vs. neutral, 

or how they categorized experiencing negative images as negative vs. neutral, as a 

function of visibility belief conditions, task phases, or their interaction. 


