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Following theories of emotional embodiment, the facial feedback
hypothesis suggests that individuals’ subjective experiences of emotion are
influenced by their facial expressions. However, evidence for this hypothesis
has been mixed. We thus formed a global adversarial collaboration and
carried out a preregistered, multicentre study designed to specify and test
the conditions that should most reliably produce facial feedback effects.
Data fromn = 3,878 participants spanning 19 countries indicated that a facial
mimicry and voluntary facial action task could both amplify and initiate
feelings of happiness. However, evidence of facial feedback effects was

less conclusive when facial feedback was manipulated unobtrusively viaa

pen-in-mouth task.

The facial feedback hypothesis suggests that individuals’ emotional
experiences are influenced by their facial expressions. For example,
smiling should typically make individuals feel happier, and frowning
should make them feel sadder. Researchers suggest that these effects
emerge because facial expressions provide sensorimotor feedback
that contributes to the sensation of an emotion*?, serves as a cue that
individuals use to make sense of ongoing emotional feelings®*, influ-
ences other emotion-related bodily responses®® and/or influences the
processing of emotional stimuli’®. This facial feedback hypothesis is
notablebecauseitsupportsbroader theoriesthat contend emotional
experience is influenced by feedback from the peripheral nervous

system’ ™", as opposed to experience and bodily sensations being inde-
pendent components of an emotion response'>**. Furthermore, this
hypothesis supports claims that facial feedback interventions—for
example, smiling more or frowning less—can help manage distress'¢,
improve well-being'”"® and reduce depression’® .

Recently,a collaborationinvolving 17 independent teams consist-
ently failed to replicate a seminal demonstration of facial feedback
effects*’. Inthe original study, the participants viewed humorous car-
toons while holding a penintheir mouthinamanner thateither elicited
smiling (pen held in teeth) or prevented smiling (pen held by lips)*.
Consistent with the facial feedback hypothesis, smiling participants
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reported feeling more amused by the cartoons. This finding was influ-
ential because previous studies often explicitly instructed participants
to pose afacial expression, raising concerns about demand characteris-
tics***. Furthermore, theorists disagreed about whether these effects
could occur outside of awareness® . Because the participantsin this
pen-in-mouth study were presumably unaware that they were smiling,
the authors concluded that facial feedback effects were not driven by
demand characteristics and could occur outside of awareness.

What implications does the failure to replicate have for the facial
feedback hypothesis? One possibility is that the facial feedback hypoth-
esis is false. However, this conclusion is unwarranted because this
direct replication was limited to a specific test of the facial feedback
hypothesis. Indeed, the replicators stated that their findings “do not
invalidate the more general facial feedback hypothesis™°. Similarly,
whilearguing that the pen-in-mouth effectis unreliable, someresearch-
ers conceded that “other paradigms may produce replicable results™®.

A second possibility is that both the facial feedback hypothe-
sis and the original pen-in-mouth effect are true. If this is the case,
researchers must determine why others were unable to replicate the
pen-in-mouth effect. One suggestionis that the replicators did not per-
formatruedirectreplication because they deviated from the original
study by overtly recording the participants (per the advice of anexpert
reviewer)*’. According to this explanation, awareness of video record-
ing may induce a self-focus that interferes with participants’ internal
experiences and emotional behaviour**,

A third possibility is that the facial feedback hypothesis is true,
but not in the context examined in the original pen-in-mouth study.
Perhaps facial feedback effects occur only when participants are aware
that they are posing a facial expression***¢, a mechanism that the
pen-in-mouth task was designed to eliminate. Alternatively, perhaps
the pen-in-mouth task is not a reliable manipulation of facial feed-
back. Some theorists predict that facial feedback effects will emerge
only when facial movement patterns resemble a prototypical emo-
tional facial expression™'"%, and previous research indicates that the
pen-in-mouth task does not reliably produce prototypical expressions
of happiness®®. Last, perhaps facial feedback influences only certain
types of emotional experiences. Some researchers distinguishbetween
self-focused and world-focused emotional experiences, and facial
feedback theories have traditionally emphasized self-focused emo-
tional experience™’%. However, in the original pen-in-mouth study, the
participants were asked how amused a series of cartoons made them
feel, which may have induced aworld-focused emotional experience.

Amid the uncertainty created by the failure to replicate, a
meta-analysis was performed on 286 effect sizes from 137 studies test-
ing the effects of various facial feedback manipulations on emotional
experience®’. The results indicated that facial feedback has a small
but highly varied effect on emotional experience. Notably, this effect
could not be explained by publicationbias. Published and unpublished
studies yielded effects of similar magnitude, analyses failed to uncover
significant evidence of publication bias and bias-corrected overall
effect size estimates were significant. However, this meta-analysis
did not explain why facial feedback effects were not observed in the
pen-in-mouth replication study. Inconsistent with preliminary evi-
dencethat video-recording awareness interferes with facial feedback
effects’®, the meta-analysis revealed significant facial feedback effects
regardless of whether studies used overt video recording™.

Although the meta-analysis suggests that the facial feedback
hypothesisisvalid, there are at least three limitations that could under-
mine this conclusion. First, since publication bias analyses often have
low power®®“, it is possible that seemingly robust facial feedback
effects are driven by studies with undetected questionable research
practices. Second, itis possible that the overall effect size estimatesin
this literature are driven by low-quality studies®. Third, even relatively
similar subsets of facial feedback studies varied beyond what would be
expected from sampling error alone, meaning that moderator analyses

had lower power and potentially contained unidentified confounds.
Consequently, the meta-analysis could not reliably identify modera-
tors that may help explain why some researchers fail to observe facial
feedback effects.

Both the failure to replicate the pen-in-mouth study and the
meta-analysis have a unique set of limitations that make it difficult to
resolve the debate regarding whether the facial feedback hypothesisis
valid. We therefore came together to form the Many Smiles Collabora-
tion. We are aninternational group of researchers—some advocates of
the facial feedback hypothesis, some critics and some without strong
beliefs—who collaborated to (1) specify our beliefs regarding when
facial feedback effects, if real, should most reliably emerge; (2) deter-
mine the best way(s) to test those beliefs; and (3) use this information
to design and execute an international multi-lab experiment.

We agreed that one of the simplest necessary conditions for facial
feedback effects to emerge is that participants pose an emotional
facial expression and subsequently self-report the degree to which
they are experiencing the associated emotional state. Therefore, our
mainresearch question was whether participants would report feeling
happier when posing happy versus neutral expressions. On the basis of
outstanding theoretical disagreementsin the facial feedback literature,
we also questioned (1) whether happy facial poses only influence feel-
ings of happiness if they resemble a natural expression of happiness,
(2) whether facial poses caninitiate emotional experience in otherwise
neutral scenarios or only amplify ongoing emotional experiences, and
(3) whether facial feedback effects are eliminated when controlling
for awareness of the experimental hypothesis. These disagreements
ultimately informed the final experimental design: a 2 (Pose: happy
or neutral) x 3 (Facial Movement Task: facial mimicry, voluntary facial
action or pen-in-mouth) x 2 (Stimuli Presence: present or absent)
design, with Pose manipulated within participants and Facial Move-
ment Task and Stimuli Presence manipulated between participants
(Supplementary Fig.1).

To provide an easy-to-follow task that would produce more proto-
typical facial expressions, we used a facial mimicry paradigm, wherein
the participants were asked to mimicimages of actors displaying pro-
totypical expressions of happiness®*. To produce less prototypical
facial expressions, some participants completed the voluntary facial
action task®, wherein they were asked to move some—but not all—facial
muscles associated with prototypical expressions of happiness™. We
also added the pen-in-mouth task after Stage 1 reviewer feedback,
wherein the participants held a pen in their mouth in a manner that
either elicited smiling (pen held in teeth) or prevented smiling (pen
held by lips)*. While engaging in the facial feedback tasks, half of the
participants viewed a series of positive images™®.

We hypothesized that participants would report experiencing
more happiness when posing happy versus neutral facial expressions.
Furthermore, we hypothesized that the magnitude of this effect would
be similar across tasks that produce less (the voluntary facial action
and pen-in-mouth tasks) versus more (the mimicry task) prototypical
expressions of happiness. We also expected that facial feedback effects
wouldbe smallerinthe absence thaninthe presence of positive stimuli.
Last, we expected to observe facial feedback effects even when limit-
ing our analyses to participants who were completely unaware of our
hypothesis. Two pilot studies (n =206; Supplementary Information)
confirmed these predictions. A third pilot study conducted afterinitial
Stage 1acceptance (n=119; Supplementary Information) provided
preliminary evidence in favour of some—but not all—of our predictions.
These pilot results led to minor refinements to the methodology but
did not change our final set of predictions. Our research questions and
hypotheses are summarizedin Table 1.

Results
We conducted all analyses using R (v.4.1.2)°°. For the frequentist analy-
ses, we fit mixed-effect models using the Ime4 package®. Some of these
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Table 1| Research questions and associated hypotheses

Research question Hypothesis

Participants will report experiencing more
happiness when posing happy versus
neutral facial expressions.

Does posing happy versus
neutral expressions cause
people to feel happier?

The difference in self-reported happiness
when posing happy versus neutral facial
expressions will not be larger during tasks
that produce more natural expressions of
happiness.

Do happy facial poses only
influence feelings of happiness
if they resemble natural
expressions of happiness?

The difference in self-reported happiness
when posing happy versus neutral facial
expressions will be significant in both

the presence and absence of emotional
stimuli. This difference will be larger in the
presence of emotional stimuli.

Can facial poses initiate
emotional experiences in
otherwise neutral scenarios,
or can they only modulate
ongoing emotional
experiences?

Are facial feedback effects
eliminated when controlling for
awareness of the experimental
hypothesis?

Participants who are judged to be
completely unaware of the purpose of the
experiment will report experiencing more
happiness when posing happy versus
neutral facial expressions.

models contained random slopes and thus have smaller degrees of free-
dom. For tests of main effects, simple effects and interactions, we used
the ImerTest package to derive analysis-of-variance-like F values with
Satterthwaite degrees of freedom®®. When we observed higher-order
interactions, we used the emmeans package to decompose them using
simple effect tests and pairwise contrasts®’. We used model-derived
mean difference estimates as our effect size of interest. However, we
also report semi-standardized mean difference estimates, wherein
the model-derived mean differenceis divided by the total range of the
measured dependent variable.

For the Bayesian re-analysis of the hypothesesin Table 1, we used
the BayesFactor package to fit models using medium Cauchy priors (r
scale,1/2) onthe alternative hypotheses and the default Markov chain
Monte Carlo settings’. We also performed sensitivity analyses with
wide (rscale,v2/2) and ultrawide (rscale, 1) priors, and we thus report
arange of Bayes factors (BFs). For tests of main effects, interactions
and simple effects, we computed BFs by comparing models containing
versus excluding the terms representing the tested effect.

Participants

We made two minor deviations from the preregistered sampling plan.
First, due to constraints created by COVID-19, no research group col-
lected datain person. We were thus unable to test whether our pattern
of results differed by in-person versus online data collection. Second,
we had 80 fewer participants than we initially planned for our primary
analyses.

Depending on the research site, the participants completed the
study on a completely volunteer basis, for partial course credit, for
extracredit, forentranceintoalottery (for example, for agift box), for
aprize (forexample, apen) or for money (US$0.75-US$5). We stopped
data collectionwhen atleast 22 research groups had each collected at
least 105 participants, totalling 3,878 participants from 26 groups (Fig.
1; mean age (M,z.), 26.6; 5.d. g, 10.6; 71% women, 28% men, 1% other).
For the primary analyses, we excluded participants if they failed an
attention check (17% fail rate), completed the study on amobile device
(3%), reported deviating from the pose instructions (1%), reported that
their posed expression did not match an image of an actor complet-
ing the task correctly (3%), indicated that they were very distracted
(3%) or exhibited any awareness of the study hypothesis (46%). (For
the country-specific exclusion criteria rates, see the Supplementary
Information.) An unexpectedly large number of participants were
excluded for exhibiting awareness of the study hypothesis—but this
may reflect an unusually strict classification scheme (that is, that two

coders mustjudge the participantas being completely unaware). This
left 1,504 participants for the primary analyses.

Primary analyses

We hypothesized that participants would report higher levels of hap-
piness (1) in the presence versus absence of emotional stimuli and (2)
after posing happy versus neutral facial expressions. We also predicted
that the effect of posed expressions on happiness would be larger in
the presence than in the absence of positive stimuli. Following the
study design (Supplementary Fig. 1), we modelled happiness reports
with (1) Pose (happy or neutral), Facial Movement Task (facial mimicry,
voluntary facial action or pen-in-mouth) and Stimuli Presence (present
or absent) entered as effect-coded factors; (2) all higher-orderinterac-
tions; (3) random intercepts for participants and research groups; and
(4) random slopes for research groups.

Participants reported higher levels of happiness in the presence
than in the absence of positive images (M= 0.30; 95% confidence
interval (CI), (0.12,0.48); 5% scale range; F(1,22.65) =10.67; P=0.003).
However, the Bayesian analyses were inconclusive (BF,, = 0.71-1.25).
Participants also reported more happiness after posing happy versus
neutral expressions (Mg = 0.31;95% Cl, (0.21, 0.40); 5.17% scale range;
F(1,24.34) =39.86; P < 0.001; BF,, = 61.06-102.63. Contrary to our
hypothesis, the Pose effect was not significantly larger in the pres-
encethaninthe absence of positive stimuli (F(1,29.50) =1.33,P=0.26,
BF,,=0.06-0.13).

Unexpectedly, there was an interaction between Pose and Facial
Movement Task (F(2,32.95) =17.11,P < 0.001, BF,, = 34.13-100.14, Fig. 2).
The effect of Pose on self-reported happiness was the largest in the
facial mimicry task (Mg = 0.49;95% Cl, (0.36, 0.61); 8.17% scale range;
F(1, 28.62) = 57.55; P < 0.001; BF,, >100) and the voluntary facial
action task (Mg = 0.40; 95% Cl, (0.23, 0.56); 6.67% scale range; F(1,
25.48) =22.93; P< 0.001; BF,, = 25.20-39.26). There was moderate sup-
portforthe null hypothesis in the pen-in-mouth condition (M= 0.04;
95% Cl, (-0.07, 0.15); 0.67% scale range; F(1, 24.74) = 0.57; P= 0.46;
BF,,=0.11-0.17.

Secondary analyses
Our secondary analyses were designed to further probe the nature of
facial feedback effects.

Potential aversion to the neutral expression posing task. The pri-
mary analyses suggest that posing happy versus natural expressions
canincrease feelings of happiness. However, an alternative explanation
is that these effects are driven by hypothesis-irrelevant decreases in
happiness after neutral poses (for example, as a result of boredom)”.
To test this, we refit the primary analysis model with an effect-coded
Pose factor that compared happy pose with filler trials that the partici-
pants completed. We focused on participants who were not exposed
to positive images because these images were shown only during the
facial posing trials (thus confounding their comparison with the filler
trials). Nevertheless, similar results were observed in analyses that
included participants who viewed positive images (Fig. 2).

Like the primary analyses, there was aninteraction between Pose
and Facial Movement Task (F(2,18.02) = 20.47, P< 0.001). Participants
reported higher levels of happiness after posing happy expressions ver-
sus completingfiller tasksinboth the facial mimicry task (M= 0.48;
95% Cl, (0.29, 0.67); 8% scale range; t(22.4) = 5.23; P< 0.001) and the
voluntary facial action task (M= 0.20;95% Cl, (0.05,0.36); 3.33% scale
range; £(19.6) =2.69; P=0.01. In the pen-in-mouth task, participants
reported less happiness after completing the happy versus filler task
(Mg =-0.15; 95% ClI, (-0.28, 0.02); 2.5% scale range; t(31.5) = 2.39;
P=0.02).

Moderating role of pose quality. We next examined the moderat-
ing role of three indicators of the quality of posed expressions: the
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Fig.1| Country-specific sample sizes. Data were collected from 3,878 participants in 19 countries. Darker shades of red denote larger country-specific sample sizes.

participants’ reports of the extent to which they followed pose instruc-
tions (compliance ratings), felt that their self-monitored expression
matched animage of an actor successfully completing the task (similar-
ity ratings) and felt that their posed expression resembled a genuine
expression of happiness (genuineness ratings). For each quality indica-
tor, we refit the primary analysis model with (1) the indicator entered
mean-centred and (2) a term denoting its interaction with Pose. For
each quality indicator, there was an interaction with Pose (Fig. 3). The
effect of facial poses on happiness was larger among participants with
higher compliance (= 0.08; 95% Cl, (0.05, 0.12); t(1,482.63) = 4.33;
P<0.001), similarity (8= 0.03; 95% Cl, (0.01, 0.06); £(1,358.62) = 3.37;
P<0.001) and genuineness ratings (8 =0.08; 95% Cl, (0.06, 0.09);
t(1,420.95) =10.57; P<0.001).

Pose quality in different facial movement tasks. To examine whether
pose quality varied between facial movement tasks, we used data from
all 3,878 participants and modelled each quality indicator with (1) Facial
Movement Task and Stimuli Presence entered as effect-coded factors,
(2) random intercepts for research groups and (3) random slopes for
research groups.

Compliance ratings varied by Facial Movement Task (F(2,
18.18) =10.50, P< 0.001), but not Stimuli Presence (M= 0.03;
95% Cl, (-0.05, 0.11); 0.5% scale range; F(1, 37.63) = 0.60; P=0.44).
Compliance ratings were high across all tasks, but slightly lower in
the facial mimicry task (M = 6.45, s.d. =1.07) than in the voluntary
facial action (M=6.57;s.d.=0.93; M4+=—0.15;95% Cl, (-0.28,-0.02);
2.5% scale range; t(23.5) =-2.47; P=0.02) and pen-in-mouth tasks
(M=6.68;s.d.=1.01; M= —0.25; 95% Cl, (-0.37, -0.14); 4.17% scale
range; t(22.8) = -4.49; P < 0.001). Compliance ratings were also slightly
higher in the pen-in-mouth task than in the voluntary facial action
task (M= 0.10;95% Cl, (-0.01, 0.21); 1.67% scale range; t(21.9) =1.96;
P=0.06).

Likewise, similarity ratings varied by Facial Movement Task (F(2,
40.12) =7.35, P=0.002), but not Stimuli Presence (M= -0.12; 95%
Cl, (-0.25, 0.02); 2% scale range; F(1,19.18) = 3.15; P=0.09). Similar-
ity ratings were high across all tasks but higher in the facial mim-
icry task (M =5.30, s.d.=1.36) than in the voluntary facial action
(M=5.09;s.d.=1.73; My = 0.23;95% Cl, (0.03, 0.43); 3.83% scale range;
t(22.7) =2.43; P=0.02) and pen-in-mouth tasks (M =5.07; s.d. =1.61;
M= 0.24;95%Cl, (0.11,0.36); 4% scale range; t(194) = 3.63; P< 0.001).

Genuineness ratings strongly varied by Facial Movement Task
(F(2,13.69) = 82.56, P< 0.001). Genuineness ratings were substantially
lower in the pen-in-mouth task (M =2.98, s.d. =1.89) thanin the facial
mimicry (M=4.15;s.d. =1.92; M= -1.15;95% Cl, (-1.34,-0.97);19.17%
scale range; £t(23.85) =12.85; P < 0.001) and voluntary facial action
tasks (M=3.91;s.d. =2.00; M= -0.89; 95% Cl, (-1.12, —0.66); 14.83%
scalerange; t(24.92)=8.00; P< 0.001). Genuineness ratings were also
lowerinthe voluntary facial action task thanin the facial mimicry task
(Mg =—0.26;95% Cl, (-0.48,-0.05); 4.33% scale range; t(6.67) = -2.90;
P=0.02). Participants alsoreported higher genuineness ratingsin the
presence (M=3.78,s.d.=2.00) thanin the absence (M =3.57,s.d. =2.00)
of positive images (M= 0.23; 95% Cl, (0.11, 0.34); 3.83% scale range;
F(1,1,538.52) =13.66; P< 0.001).

Awareness of the study purpose. To examine whether some facial
feedback tasks lead participants to be more aware of the study pur-
pose, we used data from all 3,878 participants and modelled coder
ratings of the extent to which they were aware with (1) Facial Move-
ment Task and Stimuli Presence entered as effect-coded factors, (2)
random intercepts for research groups and (3) random slopes for
research groups. Awareness scores varied by Facial Movement Task
(F(2,19.70) =13.54, P < 0.001), with participants being less aware
in the pen-in-mouth task (M =1.75, s.d. =1.41) than in the voluntary
facial action task (M =2.28; s.d. =1.78; My =—0.48; 95% Cl, (-0.67,
-0.29); 8.02% scale range; t(24) = -5.19; P < 0.001) and the facial
mimicry task (M =2.05;s.d. =1.52; My=-0.27;95% Cl, (-0.43,-0.11);
4.48% scale range; t(15.4) = -3.66; P < 0.05). Participants were also
less aware in the facial mimicry task than in the voluntary facial
action task (Mg, =-0.21; 95% CI, (-0.36, —0.07); 3.53% scale range;
t(39.4) =-2.97; P=0.005).

Totest whether facial feedback effects are amplified by awareness
of the study purpose, we modelled happiness reports with (1) Pose,
Facial Movement Task and Stimuli Presence entered as effect-coded
factors; (2) awareness scores entered mean-centred; (3) a higher-order
interaction term for Pose and awareness scores; (4) random inter-
cepts for participants and research groups; and (5) research group
random slopes for all terms other than awareness scores. The results
indicated that the Pose effect was larger among participants who were
more aware of the study hypothesis (8= 0.08; 95% ClI, (0.06, 0.10);
t(22.74) = 7.55; P< 0.001) (Fig. 3).
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Fig. 2| Effects of facial expression poses and filler tasks on self-reported
happiness in each study condition. Self-reported happiness (1="‘notat all’ to

7 =‘anextreme amount’) after the participants posed happy facial expressions,
posed neutral facial expressions or completed filler tasks. The panel columns
indicate whether the participants completed the facial mimicry, voluntary facial

action or pen-in-mouth task. The panel rows indicate whether positive images
were absent or present during the facial pose tasks. The grey points represent
jittered participant observations. The blue error bars represent mean + 1
standard error. Condition-specific sample sizes, means and standard deviations
arereported.

Body awareness. To examine the moderating role of body awareness,
we re-ranour primary analysis model with (1) participants’ responses on
abody awareness measure entered mean-centred and (2) ahigher-order
interaction term for Pose and awareness. No moderating role of body
awareness was detected (8=0.00;95% CI, (-0.03,0.03); £(9.87) = 0.02;
P=0.99) (Fig. 3).

Between-condition differences in other inclusion criteria. Next, we
examined whether there were between-condition differences in the
extent to which participantsused anincorrect device to complete the
study (forexample, a phone) or failed attention checks. We separately
modelled the probability that participants failed to meet each inclu-
sion criterion using logistic mixed-effect regression with (1) Facial
Movement Task and Stimuli Presence entered as effect-coded factors,
(2) random intercepts for research groups and (3) random slopes for
research groups.

The probability that participants used the incorrect device did not
vary by Facial Movement Task (96%, 97% and 97% pass rates in the facial
mimicry, voluntary facial action and pen-in-mouth tasks; x*(2) = 3.06;
P=0.22) or StimuliPresence (97% passrate inthe absence and presence
of positive stimuli; x*(1) = 0.11; P= 0.74). Likewise, the probability that
participants failed attention checks did not vary by Facial Movement
Task (84%, 82% and 83% pass rates in the facial mimicry, voluntary facial
actionand pen-in-mouthtasks; y*(2) =1.28; P=0.53) or Stimuli Presence

(84%and 82% passratesin the absence and presence of positive stimuli;
X(1)=2.54; P=0.11).

We also tested for between-condition differences in coder rat-
ings of the extent to which participants were distracted using linear
mixed-effect regression with (1) Facial Movement Task and Stimuli
Presence entered as effect-coded factors, (2) random intercepts for
research groups and (3) random slopes for research groups. Distrac-
tion scores did not significantly vary between the facial mimicry
(M=2.01,s.d.=1.17), voluntary facial action (M=1.92, s.d.=1.14) and
pen-in-mouth (M =1.92, s.d. =1.14) tasks (F(2, 18.57) =2.45, P=0.11).
Distractionscoresalso did notvaryinthe absence (M=1.94,s.d.=1.15)
versus presence (M=1.96, s.d. =1.16) of positive stimuli (F(1, 900.52)
=0.02,P=0.90).

Anger and anxiety. We next examined whether posed happy expres-
sions decreased self-reported negative emotions and whether some
facial movement tasks were more frustrating and anxiety-provoking
than others. To do so, we separately re-ran our primary analyses with
anxiety and anger reports as the dependent variables.

Happy versus neutral facial expression poses did not signifi-
cantly decrease feelings of anger (M= —0.02; 95% ClI, (-0.07, 0.03);
0.33% scale range; F(1,20.71) = 0.85; P= 0.37) or anxiety (M= —0.01;
95% Cl, (-0.06, 0.04); 0.17% scale range; F(1, 25.36) = 0.32; P= 0.57).
However, feelings of anger (F(2, 27.46) =4.30, P=0.02) and anxiety
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Fig.3 | Potential moderators of facial feedback effects. The changein

happiness (y axis) when the participants posed happy versus neutral expressions
was moderated by compliance, similarity, genuineness and hypothesis

Body awareness

awareness ratings, but not body awareness ratings (x axes). The grey points
representjittered participant observations. The blue lines represent the
estimated linear relationships.

(F(2,58.20) =5.18, P=0.008) did differ by Facial Movement Task. Par-
ticipants reported higher levels of anger in the pen-in-mouth task
than in the facial mimicry task (M= 0.14; 95% ClI, (0.03, 0.24); 2.33%
scalerange; t(24.2) =2.64; P=0.01) and the voluntary facial action task
(M= 0.12;95%Cl, (0.02,0.21); 2% scale range; t(31.6) = 2.40; P= 0.02).
Similarly, participants reported more anxiety in the pen-in-mouth task
than in the facial mimicry task (M= 0.13; 95% ClI, (0.02, 0.24); 2.17%
scale range; t(51.6) = 2.35; P=0.02) and the voluntary facial action
task (M= 0.17; 95% Cl, (0.06, 0.28); 2.83% scale range; t(79) = 3.00;
P=0.004). Nonetheless, follow-up exploratory analyses did not indi-
catethat theseincreases in anxiety obfuscated facial feedback effects
(Supplementary Information).

Exploratory analyses

For all analyses, we preregistered plans to model random slopes for
research groups. However, randomslopes often led to singular fitand
convergence warnings, whichisindicative of overfit models with poten-
tially unreliable estimates’. Sensitivity analyses without (versus with)
random slopes generally yielded identical inferences, except for the
simple effect of Pose in the pen-in-mouth task. After we removed ran-
domslopes, the two-sided test of the effect of Pose was not significant
(M= 0.08;95% Cl, (-0.01, 0.16); 1.33% scale range; F(1,1,498) = 2.78;
P=0.095),but an exploratory one-sided test was (one-sided P < 0.05).
However, the Bayesian analyses were inconclusive (BF,, = 0.46-0.96).
Nonetheless, when we relaxed our inclusion criteria in a subsequent

sensitivity analysis, we found extremely strong evidence of a Pose effect
inthe pen-in-mouth task (M = 0.14; 95% Cl, (0.07, 0.21); 2.33% scale
range; F(1, 3,872) =16.37; P< 0.001; BF,, > 100).

Discussion
Our project brought together a large adversarial team to design and
conductan experiment that best tested and clarified our disagreements
aboutthe facial feedback hypothesis. We designed our experiment not
toprovide close replications of any existing study but rather to provide
informative tests of the facial feedback hypothesis. For example, our
pen-in-mouth task was inspired by the original pen-in-mouth study
that some, but not all*’, researchers have had difficulty replicating*°.
Nevertheless, our methodology differed in many ways from the original
pen-in-mouth study. For example, we ran our study online (versus in
person), focused on feelings of happiness (versus amusement), used
adifferent cover story, had the participants pose expressions for a
relatively short duration (five seconds) and did not instruct the par-
ticipants to maintain the poses while they completed emotion ratings.
Our primary analyses replicated the pilot studies that informed
the design of this study, albeit with more stringent inclusion criteria
and a much larger and more culturally diverse sample (see Supple-
mentary Fig. 2 for the country-specific effect size estimates). Con-
trary to theories that characterize peripheral nervous system activity
and emotional experience as independent components of an emo-
tion response’” ™, our results suggest that facial feedback can impact
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feelings of happiness when using the facial mimicry and voluntary facial
action tasks. Furthermore, these effects emerge in both the presence
and absence of emotional stimuli—although, contrary to our predic-
tion, the effect was not larger in the presence of emotional stimuli.
Consistent with a previous meta-analysis, these results suggest that
facial feedback can not only amplify ongoing feelings of happiness
butalso initiate feelings of happiness in otherwise neutral contexts™.

Secondary analyses revealed that the observed facial feedback
effects could not be explained by participants’ aversionto therelatively
inactive neutral pose task or demand characteristics. Even compared
with relatively active filler trials, participants reported the most hap-
piness after posing happy expressions. Furthermore, although facial
feedback effects were larger among participants who were rated as
more aware of the purpose of the study, we observed facial feedback
effectsamong participants who did not exhibit such awareness. These
results are consistent with recent experimental work demonstrating
that demand characteristics can moderate, but do not fully account
for, facial feedback effects™.

Consistent with our predictions and a previous meta-analysis®,
facial feedback effects, when present, were small (see Supplementary
Fig. 3 for the distribution of mean difference scores). Nonetheless,
these effects were similar in size to the effect of mildly positive pho-
tos on happiness—that is, facial feedback was just as impactful as the
external emotional context. Observing small effectsis inconsistent with
extreme claims that facial feedback is the primary determinant of emo-
tional experience>”. However, they support less extreme theories that
characterize facial feedback as one of many components of the periph-
eral nervous system that contribute to emotional experience*>’,

These results have implications for discussions about whether
facial feedback interventions—such as those that might ask people
to simply smile in the mirror for five seconds every morning—can be
leveraged to manage distress™', improve well-being'”*® and reduce
depression®*’. Itis possible that relatively small facial feedback effects
could accumulate into meaningful changes in well-being over time””.
However, given that the similar-sized effect of positive images on
happiness has notemerged as aserious well-being intervention, many
(but not all) authors of this paper find it unlikely that facial feedback
interventions will either.

Contrary to our predictions, the effect of posed facial expressions
on happiness varied depending on the facial movement task. There
was strong evidence of facial feedback effects in the facial mimicry
and voluntary facial action tasks, but the evidence wasless clearin the
pen-in-mouth task. (This was despite avoiding video recording partici-
pants, which some**—but not all*’—researchers argue interferes with
facial feedback effects.) Our preregistered model with random slopes
did not provide significant evidence of a simple effect of Pose in the
pen-in-mouth condition, and Bayesian analyses provided moderate
support for the null hypothesis. An exploratory one-sided test of this
effect was significant when we removed random slopes from the model,
but Bayesian analyses characterized the evidence as inconclusive.
However, whenwerelaxed our inclusion criteria, both frequentist and
Bayesian analyses provided strong evidence of a facial feedback effect
inthe pen-in-mouth task. Nonetheless, we preregistered that this would
be considered aless stringent test of the facial feedback hypothesis.

Although it is less clear whether the pen-in-mouth task had a
non-zero effect on feelings of happiness, the effect is clearly smaller
than that produced by the facial mimicry and voluntary facial action
tasks. This may suggest that different mechanisms underlie the effects
produced by each task. Researchers do not agree on which mechanisms
underlie facial feedback effects’, but they may involve both inferential
processes (for example, people inferring they are happy because they
are smiling)***® and non-inferential processes (for example, smiling
automatically activating other physiological components of emo-
tion)>**. Unlike other facial feedback tasks, the pen-in-mouth task
was designed to limit the role of inferential process by manipulating

facial expressions covertly*'. Consistent with this goal, participantsin
the pen-in-mouth condition were less likely to report that the posed
happy expression felt genuine. This may mean that inferential pro-
cesses were minimized in this task, thus reducing the size of the facial
feedback effect. Contrary to this explanation, though, we did not find
that facial feedback effects were moderated by self-report measures of
general attentiveness to non-emotional bodily process. (See the Sup-
plementary Information for similar results from pilot studies using a
multifaceted self-report of body awareness.)

Alternatively, the pen-in-mouth task may have created aless proto-
typical expression of happiness—which, regardless of the role of infer-
ential processes, may attenuate facial feedback effects® . Specifically,
facial feedback effects may be amplified when the task activates mus-
clestypically associated with an emotional state and attenuated when
the task activates muscles not typically associated with an emotional
state.Inretrospect, the pen-in-mouth task we used may simultaneously
activate muscles associated with biting, which may attenuate its effect
on happiness reports. Furthermore, a robust pen-in-mouth effect
may emerge if one uses a variant of the task that better activates the
orbicularis oculimuscles, whichis associated with genuine expressions
of happiness®. However, our results provide mixed support for these
predictions. Onone hand, facial feedback effects did not differ between
the other two tasks, which were designed to produce less prototypical
(voluntary facial action task) and more prototypical (facial mimicry
task) expressions of happiness. On the other hand, facial feedback
effects were larger when participants reported posing higher-quality
expressions. Future research can further investigate thisissue by more
directly measuring muscle activity using facial action coding’®, elec-
tromyography’’, sonography® or thermography®.

To conclude, our adversarial collaboration was partly inspired by
conflicting narratives about the validity of the facial feedback hypoth-
esis. We began the collaboration after a large team of researchers
failed to replicate a seminal demonstration of facial feedback effects
using a pen-in-mouth task*’, but a meta-analysis indicated that facial
feedback has a small but significant effect on emotional experience®.
Our results do not provide unequivocal evidence of a pen-in-mouth
effect. Nonetheless, they do provide strong evidence that other tasks
designed to produce partial or full recreations of happy expressions can
bothmodulate and initiate feelings of happiness. It hasbeen nearly 100
years since researchers began famously debating whether peripheral
nervous system activity is merely aby-product of emotion processes.
Consistent with theories positing that peripheral nervous system
activity impacts emotional experience, our resultsacentury later pro-
vide strong evidence of facial feedback effects. With this foundation
strengthened, future researchers can turntheir attentionto answering
new questions about when and why these effects occur.

Methods

Ethics

Each research group received approval from their local Ethics Com-
mittee or Institutional Review Board to conduct the study (for exam-
ple, University of Tennessee IRB-19-05313-XM), indicated that their
institution does not require approval for the researchers to conduct
this type of research or indicated that the current study is covered by
apre-existing approval. At the time of Stage 1 submission, 22 research
groups had ethics approval to collect data, but additional sites with
pending ethics approval joined the project later. All participants pro-
vided informed consent.

Procedure

The experiment was presented via Qualtrics. Due to constraints cre-
ated by COVID-19, we planned for data collection to primarily occur
online. However, research groups were allowed to collect data in the
laboratory if they indicated they could do so safely. Before beginning
thestudy, the participants were asked to confirmthat they had a clean
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pen or pencil nearby that they were willing to place in their mouths,
were completing the study on a desktop computer or laptop (details
regarding the participants’ operating systems were automatically
recorded to confirm) and were in a setting with minimal distractions.

The participants were told that the study was investigating how
physical movements and cognitive distractors influence mathematical
speed and accuracy and that they would complete four simple move-
ment tasks and math problems. The first and last tasks were randomly
presented filler trials that helped ensure the cover story was believ-
able (“Place your left hand behind your head and blink your eyes once
per second for 5 seconds” and “Tap your left leg with your right-hand
index finger once per second for 5 seconds”). In the two critical tasks,
the participants were asked to pose happy and neutral facial expres-
sionsinrandomized order through the facial mimicry, voluntary facial
action or pen-in-mouth procedure. While posing these expressions,
some participants were randomly assigned to view positive images.
To reinforce the cover story, the participants were provided with an
on-screen timer during all tasks.

After each task (including the filler tasks), the participants com-
pleted a simple filler arithmetic problem and the Discrete Emotions
Questionnaire’s four-item happiness subscale, which asked the par-
ticipants toindicate the degree to which they experienced happiness,
satisfaction, liking and enjoyment during the preceding task (1="‘not
at all’ to 7 = ‘an extreme amount’)®?. The participants also completed
two items measuring anxiety (worry and nervous). To further obscure
the purpose of the study, the participants also completed one anger,
tiredness and confusion filler item. All emotion items were presented
inrandom order. By not referencing the emotional stimuli, this ques-
tionnaire better captured self-focused, as opposed to world-focused,
emotional experience™*. Afterwards, the participants rated how much
they liked the task and how difficult they found the task and arithmetic
problem. Inthe non-filler tasks, an attention check item asking the par-
ticipants to choose a specific response option was randomly inserted
inthe questions regarding the task and arithmetic problem difficulty.

Inthe facial mimicry condition, the participants were showna2 x 2
image matrix of actors posing happy expressions. The participants were
theninstructedto either mimic these expressions (happy condition) or
maintainablank expression (neutral condition). Importantly, having the
participants view the happy expression matrix before both the happy
and neutral trials ensured that any potentially confounding effects that
images of smiling people have on emotional experience were constant
across the mimicry trials. The expression matrix was displayed for at least
five seconds, and the participantsindicated when they were ready to per-
form the task. In the voluntary facial action condition, the participants
wereinstructed to either move the corners of their lips up towards their
earsand elevate their cheeks using only the musclesin their face (happy
condition) or maintainablank facial posture (neutral condition).Inthe
pen-in-mouth condition, the participants received video instructions
regarding the correct way to hold the penin their teeth (happy condition)
or lips (neutral condition). During all facial pose tasks, the participants
wereinstructed to maintainthe poses for five seconds, the approximate
duration of spontaneous happiness expressions®.

After completing the five movement tasks, the participants
answered a variety of open-ended questions regarding their beliefs
about the purpose of the experiment via Qualtrics. Each research
group recruited two independent, results-blind coders to review the
open-ended responses. The coders were provided a written descrip-
tionof the study purpose and methods and subsequently reviewed the
participants’ open-ended responses in randomized order. Onthe basis
ofthe open-ended responses, the codersrated the degree towhich each
participant was aware of the true purpose of the experiment (1= ‘not
atallaware’to 7 = ‘completely aware’).

After answering questions about their beliefs regarding the
purpose of the experiment, the participants completed a short
demographic form and the Body Awareness Questionnaire®‘. The

participants then answered several questions related to the quality of
their data. First, the participants were re-presented with their assigned
happy pose instructions and asked to retrospectively rate how well
they followed the instructions earlier in the study (1="not at all’ to
7 =‘exactly’). Second, the participants were asked to repeat the task
andrate the degree to whichit felt like they were expressing happiness
(1="not at all' to 7 = ‘exactly’). Third, the participants were asked to
watch themselves repeat the task (for example, viaamirror or camera
phone) and indicate the degree to which their expression matched
animage of anindividual completing the task correctly (1="not atall’
to 7 =‘exactly’). Fourth, the participants were asked to describe any
issues that may have compromised the quality of their data (such as
distractions). The two coders from each research group reviewed the
responses to this last question and rated the degree to which each
participant was distracted (1="notatall distracted’ to 7 = ‘completely
distracted’). The participants were told that there would not be a pen-
alty forindicating that they did not complete the task correctly or that
there were issues with the quality of their data.

Ideally, the quality of the participants’ posed expressions would
have been assessed via video recordings or participant-submitted
photos. However, many members of our collaboration expressed
doubts about receiving ethical approval to collect and share images
or recordings. Participants in many of our data collection regions
may also have lacked aweb camera. Furthermore, researchers are still
debating whether awareness of overt video recording interferes with
facial feedback effects*>*%**%, Nevertheless, pilot study recordings and
self-reports confirmed that almost all participants successfully posed
the target facial expressions (Supplementary Information).

Materials
In the facial mimicry task, the participants all viewed the same 2 x 2
image matrix of actors posing happy facial expressions from the
Extended Cohn-Kanade Dataset®®. All four actors posed prototypical
facial expressions of happiness, as confirmed by coders trained in the
Facial Action Coding System’®. Animage matrix of actors, as opposed to
asingleimage, was used so that the participants had multiple examples
of the movement and were provided with more options for a suitable
facial model. In the pen-in-mouth task, the instructional videos were
adopted from Wagenmakers and colleagues’ replication materials*.
During the two facial expression pose tasks, one group of partici-
pants viewed an array of four positive photos (for example, photos of
dogs, flowers, kittens and rainbows). Multiple photos (as opposed
to a single photo) were used to increase the probability that the par-
ticipants found at least one of the photos emotionally evocative. All
photos were drawn from a database comprising 100 images from the
internet and the International Affective Picture System® that were
separately rated on how good and bad they were®. The results from the
three pilot studies confirmed that these images successfully elicited
feelings of happiness (Supplementary Information). Due to potential
cross-cultural differences in what types of photos elicit happiness (for
example, dog photos canbe expected to elicit happinessin many West-
ern cultures but notin all African cultures), each lab was permitted to
replace photos with more culturally appropriate positive photos. For
non-English-speaking data collection sites, the experiment materials
were translated into the local language.

Primary analyses

Duetothe nested nature of the data (for example, ratings nested within
individuals, which were nested within research groups), we used linear
multilevel modelling. More specifically, happiness reports were mod-
elled with (1) Pose, Facial Movement Task and Stimuli Presence entered
asfactors; (2) randomintercepts for research groups and participants;
and (3) random slopes for research groups. All hypotheses in Table 1
were examined using both null hypothesis significance testing and
Bayesian alternatives.

Nature Human Behaviour



Registered Report

https://doi.org/10.1038/s41562-022-01458-9

Participants were excluded from the primary analyses if they
(1) exhibited any awareness of the facial feedback hypothesis
(that is, received an awareness score over 1 from two independent
coders), (2) disclosed that they were very distracted during the study
(that is, received an average distraction score above 5 from two
independent coders), (3) did not complete the study on a desktop
computer or laptop, (4) indicated that they did not follow the pose
instructions, (5) indicated that their expression during the happy
pose task did not at all match the image of an actor completing the
task correctly, or (6) failed attention checks. These stringent exclu-
sion criteria were added after we failed to observe the pen-in-mouth
effectin pilot study 3.

Secondary analyses

Although our primary analyses were run with the aforementioned
exclusion criteria, we also re-ran these analyses to examine whether the
exclusion criteriainteract with Pose to influence happinessreports. We
also examined whether these exclusion criterion variables varied as a
function of Facial Movement Task and Stimuli Presence.

To examine the alternative explanation that doing something (for
example, posing a happy facial expression) may simply be more enjoy-
able than doing nothing (for example, posing a neutral facial expres-
sion), we alsore-ran our primary analyses with afactor contrasting the
happy pose andfiller trials.

Although previous research hasindicated that many psychology
studies yield similar effect sizes when completed online versusina
lab®, we recorded the mode of data collection and planned to re-run
our primary analyses with the data collection mode included as amod-
erator. However, we noted that this analysis may be confounded by
(1) whether the research group is a proponent or a critic of the facial
feedback hypothesis (that is, proponents may be more likely to col-
lect data in the laboratory) and (2) the region of data collection (that
is, research groupsinregions with fewer COVID-19 cases may be more
likely to collect datain the laboratory).

Although we did not anticipate a Pose by Facial Movement Task
interaction, we noted that the pen-in-mouth condition may lead to
heightened levels of anxiety in the midst and/or aftermath of COVID-19.
Although thisis speculative, heightened levels of anxiety may interfere
with facial feedback effects. Consequently, as an exploratory analysis,
we examined whether anxiety ratings differ as a function of Facial
Movement Task.

Power simulation

Power analysis was performed via a linear multilevel modelling sim-
ulation. We randomly generated normally distributed data for 96
participants from 22 research groups. Effect size estimates for the
hypothesized effects of Pose (d = 0.39), Stimuli Presence (d = 0.68) and
the Pose by Stimuli Presence interaction (d = 0.29) were estimated from
pilot studies 1and 2 (Supplementary Information). All other effects
were set to zero. Pilot study 3 was run after initial in-principle accept-
ancewas granted and yielded somewhat different effect size estimates.
However, this pilot study led to minor refinements in the exclusion
criteria that left our original predictions unchanged.

Onthebasis of two pilot studies, we simulated random intercepts
for participants withs.d. = 0.70. We did not simulate random slopes for
participants since there are only two observations within each partici-
pant, which would probably lead to convergenceissues. Randomslopes
for research groups were simulated on the basis of the values from the
previous many-lab failure to replicate*’. For the hypothesized effects,
we specified conservative random slope estimates on the basis of the
standard deviation of their meta-analytic effect size from the previous
many-labfailuretoreplicate (s.d. = 0.28). For the effects we expected to
be zero, we specified random slopes on the basis of the random slope
from the previous many-lab failure to replicate (> = 0). However, due
to convergenceissues, the research groups randomslope for the facial

feedback task factor was removed. Residual variance was set to 0.60
on the basis of the estimates from pilot studies1and 2.

The results from this power simulation indicated that over 95%
power for all our hypothesized effects could be obtained with at least
1,584 participants. However, on the basis of pilot study 3, we estimated
that 44% of the participants would not meet our strict inclusion cri-
teria, leading to a desired sample of 2,281. We therefore planned to
stop collecting data once one of the following conditions was met: (1)
22 labs had collected 105 participants each or (2) at least six months
had elapsed since the start of data collection and we had at least 2,281
participants. We planned for a minimum of 22 labs to collect data for
this project, although additional labs with pending ethics approval
were allowed tojoin the project later.

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

Data availability
Thefulldataare publicly available at https://osf.io/ac3t2/.Source data
are provided with this paper.

Code availability
The full analysis code is publicly available at https://osf.io/ac3t2/.
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A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
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For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
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Data collection  Data were collected using Qualtrics. Materials for recreating the data collection survey in Qualtrics are publicly available at https://osf.io/
ac3t2/.
Data analysis Data were analyzed in R. All analysis code is publicly available at https://osf.io/ac3t2/
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Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender Sex and gender were not considered in the development of the study or analysis plan because our team did not specify any

Population characteristics

Recruitment

Ethics oversight

a-priori hypotheses about these variables.

For descriptive purposes, participants were asked to self-report their gender. Of the 3,878 participants who provided
complete responses, 71% reported they are a male and 28% reported they are female. 1% of participants chose a different
response option (i.e., choosing to decline to respond or indicating that they are transgender male, transgender female,
gender variant/non-conforming, or an unlisted option.) These data are publicly available https://osf.io/ac3t2/.

3,878 participants from 19 countries provided complete responses (age M = 18.52, SD = 0.96). Self-reported gender is
described above.

26 research teams recruited participants using varied methods. Depending on the research site, participants completed the
study on a completely volunteer basis, for partial course credit, extra credit, entrance into lottery (e.g., for a gift box), a prize
(e.g., a pen), or money ($0.75-5 USD).

Our sample is best conceptualized as a multi-country convenience sample. Thus, it is not clear if findings will generalize to
other populations.

Each research group received approval from their local Ethics Committee or IRB to conduct the study (e.g., University of
Tennessee IRB-19-05313-XM), indicated that their institution does not require approval for the researchers to conduct this
type of research, or indicated that the current study is covered by a preexisting approval.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Behavioural & social sciences study design

All studies must disclose on

Study description

Research sample

Sampling strategy

these points even when the disclosure is negative.
Quantitative experimental

We collected a non-representative sample of 3,878 participants from 19 countries (Mage = 26.6; SDage = 10.6; 71% women, 28%
men, 1% other).

Sample size was determined--a-priori--by a power analysis (described below)
Convenience sampling was used, and sample size was determined--a-priori--by a power analysis.

The power analysis was performed via a linear multilevel modeling simulation. We randomly generated normally-distributed data for
96 participants from 22 research groups. Effect size estimates for the hypothesized effects of pose (d = 0.39), stimuli presence (d =
0.68), and the pose by stimuli presence interaction (d = 0.29) were estimated from two pilot studies. All other effects were set to
zero.

Based on two pilot studies, we simulated random intercepts for participants with SD = 0.70. We did not simulate random slopes for
participants. Random slopes for research groups were simulated based on the values from a previous many-lab failure-to-replicate.
For hypothesized effects, we specified conservative random slopes estimates based on the standard deviation of the meta-analytic
effect size from a previous many-labs failure-to-replicate (SD = 0.28). For effects we expected to be zero, we specified random slopes
based on the random slope from a previous many-labs failure-to-replicate (12 = 0). However, due to convergence issues, the research
groups random slope for the facial feedback task factor was removed. Residual variance was set to 0.60 based on the estimates from
two pilot studies.

Results from this power simulation indicated that over 95% power for all the hypothesized effects could be obtained with at least
1,584 participants. However, based on a third pilot study, we estimated that 44% of participants would not meet our strict inclusion
criteria. Consequently, we planned to stop collecting data once one of the following conditions were met: (a) 22 labs had collected
105 participants, or (b) at least six months had elapsed since the start of data collection and we had at least 2,281 participants.
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Data collection Data were collected online via Qualtrics.
Timing Data were collected between January 11 and May 17, 2021

Data exclusions Exclusion criteria were specified a-priori.

We had complete responses from 3,878 participants. For the primary analyses, we excluded participants if they: failed an attention
check (n = 660; 17% fail rate), completed the study on a mobile device (n = 132; 3% fail rate), reported deviating from the pose
instructions (n = 35; 1% fail rate), reported that their posed happy expression did not match an image of an actor completing the task
correctly (n = 108, 3% fail rate), were judged to be very distracted (n = 115, 3% fail rate), and/or exhibited any awareness of the study
hypothesis (n = 1803, 46% fail rate). Some participants were excluded for failing to meet more than one inclusion criteria.

Non-participation The online study link was opened 5,633 times--but complete responses were only provided in 3,878 of those cases. Because the
study was conducted online, we could not collect information regarding why people dropped out of the study. In most cases,
however, it appears that people dropped out while viewing the consent form and/or additional information about the study
requirements.
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Randomization The study used a 2 (Pose: happy or neutral) x 3 (Facial Movement Task: facial mimicry, voluntary facial action, or pen-in-mouth) x 2
(Stimuli Presence: present or absent) design, with Pose manipulated within-participants and Facial Movement Task and Stimuli
Presence manipulated between-participants.

Random assignment (for factors manipulated between-participants) and ordering (for factors manipulated within-participants) was
conducted through Qualtric's random assignment feature.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies [] chip-seq
Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging

Animals and other organisms

Clinical data
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