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Abstract 

Following theories of emotional embodiment, the facial feedback hypothesis suggests that an 

individual’s subjective experience of emotion is 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 from n = 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 via a pen-in-mouth task.  
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A multi-lab test of the facial feedback hypothesis by The Many Smiles Collaboration  

The facial feedback hypothesis suggests that an individual’s emotional experience is 

influenced by their facial expressions. For example, smiling should typically make an individual 

feel happier and frowning should make them feel sadder. Researchers suggest that these effects 

emerge because facial expressions provide sensorimotor feedback that (a) contributes to the 

sensation of an emotion1,2, (b) serves as a cue that individuals use to make sense of ongoing 

emotional feelings3,4, (c) influences other emotion-related bodily responses5,6, and/or (d) 

influences the processing of emotional stimuli7,8. This facial feedback hypothesis is notable 

because it supports broader theories that contend emotional experience is influenced by feedback 

from the peripheral nervous system9–11, as opposed to experience and bodily sensations being 

independent components of an emotion response12–14. Furthermore, this hypothesis supports 

claims that facial feedback interventions—for example, smiling more or frowning less—can help 

manage distress15,16, improve well-being17,18, and reduce depression19-39. 

Recently, a collaboration involving 17 independent teams consistently failed to replicate 

a seminal demonstration of facial feedback effects40. In the original study, participants viewed 

humorous cartoons while holding a pen in their mouth in a manner that either elicited smiling 

(pen held in teeth) or prevented smiling (pen held by lips)41. Consistent with the facial feedback 

hypothesis, smiling participants reported feeling more amused by the cartoons. This finding was 

influential because previous studies often explicitly instructed participants to pose a facial 

expression, raising concerns about demand characteristics42–44. Furthermore, theorists disagreed 

about whether these effects could occur outside of awareness45–47. Because participants in this 

pen-in-mouth study were presumably unaware 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 hypothesis 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”40. Similarly, while arguing that the pen-in-mouth effect is unreliable, 

some researchers conceded that “other paradigms may produce replicable results”48. 
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A second possibility is that both the facial feedback hypothesis 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 suggestion is that the replicators did not perform a true 

direct replication because they deviated from the original study by overtly recording participants 

(per the advice of an expert reviewer)49. According to this explanation, awareness of video 

recording may induce a self-focus that interferes with participants’ internal experiences and 

emotional behavior49,50. 

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 only occur when 

participants are aware they are posing a facial expression45,46, 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 feedback. Some theorists predict that facial feedback effects will only 

emerge when facial movement patterns resemble a prototypical emotional facial expression5,51–

55, and previous research indicates that the pen-in-mouth task does not reliably produce 

prototypical expressions of happiness56. Last, perhaps facial feedback only influences certain 

types of emotional experiences. Some researchers distinguish between self- versus world-

focused emotional experiences, and facial feedback theories have traditionally emphasized self-

focused emotional experience57,58. However, in the original pen-in-mouth study, participants 

were asked how amused a series of cartoons made them feel, which may have induced a world-

focused emotional experience. 

Amid the uncertainty created by the failure-to-replicate, a meta-analysis was performed 

on 286 effect sizes from 137 studies testing the effects of various facial feedback manipulations 

on emotional experience59. Results indicated that facial feedback has a small but highly varied 

effect on emotional experience. Notably, this effect could not be explained by publication bias. 

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 evidence that 

video recording awareness interferes with facial feedback effects50, the meta-analysis revealed 

significant facial feedback effects regardless of whether studies used overt video recording59.  
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Although the meta-analysis suggests that the facial feedback hypothesis is valid, there are 

at least three limitations that could undermine this conclusion. First, since publication bias 

analyses often have low power60–62, it is possible that seemingly robust facial feedback effects 

are driven by studies with undetected questionable research practices. Second, it is possible that 

the overall effect size estimates in this literature are driven by low-quality studies63. 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 

moderators 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 hypothesis is valid. Consequently, we came together to form the Many Smiles 

Collaboration. We are an international group of researchers—some advocates of the facial 

feedback hypothesis, some critics, and some without strong beliefs—who collaborated to: (a) 

specify our beliefs regarding when facial feedback effects, if real, should most reliably emerge, 

(b) determine the best way(s) to test those beliefs, and (c) 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 main 

research question was whether participants would report feeling happier when posing happy vs. 

neutral expressions. Based on outstanding theoretical disagreements in the facial feedback 

literature, we also questioned (1) whether happy facial poses only influence feelings of happiness 

if they resemble a natural expression of happiness, (2) if facial poses can initiate 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 Movement Task and Stimuli Presence manipulated between-participants 

(see Supplementary Figure 1). 
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To provide an easy-to-follow task that would produce more prototypical facial 

expressions, we used a facial mimicry paradigm, wherein participants were asked to mimic 

images of actors displaying prototypical expressions of happiness64. To produce less prototypical 

facial expressions, some participants completed the voluntary facial action technique65, wherein 

they were asked to move some—but not all—facial muscles associated with prototypical 

expressions of happiness56. We also added the pen-in-mouth task after Stage 1 reviewer 

feedback, wherein 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)41. While engaging in the facial 

feedback tasks, half of the participants viewed a series of positive images57,58. 

We hypothesized that participants would report experiencing more happiness when 

posing happy vs. neutral facial expressions. Furthermore, we hypothesized that the magnitude of 

this effect would be similar across tasks that produce less (voluntary facial action technique and 

pen-in-mouth tasks) vs. more (mimicry task) prototypical expression of happiness. We also 

expected that facial feedback effects would be smaller in the absence vs. presence of positive 

stimuli. Last, we expected to observe facial feedback effects even when limiting our analyses to 

participants who were completely unaware of our hypothesis. Two pilot studies (n = 206; see 

Supplementary Information) confirmed these predictions. A third pilot study conducted after 

initial Stage I acceptance (n = 119; see Supplementary Information) provided preliminary 

evidence in favor 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 summarized in Table 1. 
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Results 

We conducted all analyses using R (Version 4.1.2)75. For frequentist analyses, we fit 

mixed-effect models using the lme4 package76. Some of these models contained random slopes 

and thus have smaller degrees of freedom. For tests of main effects, simple effects, and 

interactions, we used the lmerTest package to derive ANOVA-like F-values with Satterthwaite 

degrees of freedom77. When we observed higher-order interactions, we used the emmeans 

package to decompose them using simple effect tests and pairwise contrasts78. 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 difference is divided 

by the total range of the measured dependent variable. 

For the Bayesian re-analysis of the hypotheses in Table 1, we used the BayesFactor 

package to fit models using with medium Cauchy priors (r scale = 1 2⁄ ) on the alternative 

hypotheses and default Markov chain Monte Carlo settings79. We also performed sensitivity 

analyses with wide (r scale = √2 2⁄ ) and ultrawide (r scale = 1) priors, and we thus report a range 

of Bayes Factors. For tests of main effects, interactions, and simple effects, we computed Bayes 

Factors by comparing models containing vs. excluding the terms representing the tested effect. 

Participants 

We made two minor deviations from the pre-registered sampling plan. First, due to 

constrains created by COVID-19, no research group collected data in-person. We were thus 

unable to test whether our pattern of results differed by in-person vs. online data collection. 

Second, we had 80 fewer participants than we initially planned for our primary analyses. 

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). We stopped data collection once at least 22 research 

groups had each collected at least 105 participants, totaling 3,878 participants from 26 groups 

(see Figure 1; Mage = 26.6; SDage = 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 a mobile device (3%), reported deviating from the pose instructions (1%), reported 

their posed expression did not match an image of an actor completing the task correctly (3%), 

indicated they were very distracted (3%), or exhibited any awareness of the study hypothesis 

(46%). (For country-specific exclusion criteria rates, see Supplementary Information.) An 
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unexpectedly large number of participants were excluded for exhibiting awareness of the study 

hypothesis—but this may reflect an unusually strict classification scheme (i.e., that two coders 

must judge the participant as being completely unaware). This left 1,504 participants for the 

primary analyses. 

Primary Analyses 

We hypothesized that participants would report higher levels of happiness in (a) the 

presence vs. absence of emotional stimuli and (b) after posing happy vs. neutral facial 

expressions. We also predicted that the effect of posed expressions on happiness would be larger 

in the presence vs. absence of positive stimuli. Following the study design (see Supplementary 

Information Figure 1), we modeled happiness reports with (a) 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, (b) all higher-order interactions, (c) random 

intercepts for participants and research groups, and (d) random slopes for research groups. 

Participants reported higher levels of happiness in the presence vs. absence of positive 

images, Mdiff = 0.30, 95% CI [0.12, 0.48], 5% scale range, F(1, 22.65) = 10.67, p = .003. 

However, Bayesian analyses were inconclusive, BF10 = 0.71-1.25. Participants also reported 

more happiness after posing happy vs. neutral expressions, Mdiff = 0.31, 95% CI [0.21, 0.40], 

5.17% scale range, F(1, 24.34) = 39.86, p < .001, BF10 = 61.06-102.63. Unexpectedly, the Pose 

effect was not significantly larger in the presence vs. absence of positive stimuli, F(1, 29.50) = 

1.33, p = .26, BF10 = 0.06-0.13. 

Unexpectedly, there was an interaction between Pose and Facial Movement Task, F(2, 

32.95) = 17.11, p < .001, BF10 = 34.13-100.14 (see Figure 2). The effect of Pose on self-reported 

happiness was largest in the facial mimicry, Mdiff = 0.49, 95% CI [0.36, 0.61], 8.17% scale range, 

F(1, 28.62) = 57.55, p < .001, BF10 > 100, and voluntary facial action tasks, Mdiff = 0.40, 95% CI 

[0.23, 0.56], 6.67% scale range, F(1, 25.48) = 22.93, p < .001, BF10 = 25.20-39.26. There was 

moderate support for the null hypothesis in the pen-in-mouth condition, Mdiff = 0.04, 95% CI [-

0.07, 0.15], 0.67% scale range, F(1, 24.74) = 0.57, p = 0.46, BF10 = 0.11-0.17.  
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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 primary analyses suggest that posing happy vs. natural expressions can increase 

feelings of happiness. However, an alternative explanation is that these effects are driven by  

hypothesis-irrelevant decreases in happiness after neutral poses (e.g., as a result of boredom)80. 

To test this, we refit the primary analysis model with an effect-coded Pose factor that compared 

happy pose to filler trials that participants completed. We focused on participants who were not 

exposed to positive images because these images were only shown 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 (see Figure 2).  

Like the primary analyses, there was an interaction between Pose and Facial Movement 

Task, F(2, 18.02) = 20.47, p < .001. Participants reported higher levels of happiness after posing 

happy expressions vs. completing filler tasks in both the facial mimicry, Mdiff = 0.48, 95% CI 

[0.29, 0.67], 8% scale range, t(22.4) = 5.23, p < .001, and voluntary facial action tasks, Mdiff = 

0.20, 95% CI [0.05, 0.36], 3.33% scale range, t(19.6) = 2.69, p = .01. In the pen-in-mouth task, 

participants reported less happiness after completing the happy vs. filler task, Mdiff = -0.15, 95% 

CI [-0.28, 0.02], 2.5% scale range, t(31.5) =  2.39, p = .02. 

Moderating role of pose quality 

We next examined the moderating role of three indicators of the quality of posed 

expressions: participants’ reports of the extent to which they followed pose instructions 

(compliance ratings), reported that their self-monitored expression matched an image of an actor 

successfully completing the task (similarity ratings), and felt that their posed expression 

resembled a genuine expression of happiness (genuineness ratings). For each quality indicator, 

we refit the primary analysis model with (a) the indicator entered mean-centered, and (b) a term 

denoting its interaction with Pose. For each quality indicator, there was an interaction with Pose 

(see Figure 3). The effect of facial poses on happiness was larger among participants with higher 

compliance, β = 0.08, 95% CI [0.05, 0.12], t(1482.63) = 4.33, p < .001, similarity, β = 0.03, 95% 

CI [0.01, 0.06], t(1358.62) = 3.37, p < .001, and genuineness ratings, β = 0.08, 95% CI [0.06, 

0.09], t(1420.95) = 10.57, p < .001.  
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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 modeled each quality indicator with (a) Facial Movement Task 

and Stimuli Presence entered as effect-coded factors, (b) random intercepts for research groups, 

and (c) 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, Mdiff = 0.03, 95% CI [-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 (M 

= 6.45, SD = 1.07) vs. voluntary facial action (M = 6.57, SD = 0.93), Mdiff = -0.15, 95% CI [-

0.28, -0.02], 2.5% scale range, t(23.5) = -2.47, p = .02, and pen-in-mouth tasks (M = 6.68, SD = 

1.01), Mdiff = -0.25, 95% CI [-0.37, -0.14], 4.17% scale range, t(22.8) = -4.49, p < .001. 

Compliance ratings were also slightly higher in the pen-in-mouth vs. voluntary facial action 

tasks, Mdiff = 0.10, 95% CI [-0.01, 0.21], or 1.67% scale range, t(21.9) = 1.96, p = .06. 

Likewise, similarity ratings varied by Facial Movement Task, F(2, 40.12) = 7.35, p = 

0.002, but not Stimuli Presence, Mdiff = -0.12, 95% CI [-0.25, 0.02], 2% scale range, F(1, 19.18) 

= 3.15, p = 0.09. Similarity ratings were high across all tasks, but highest in the facial mimicry 

(M = 5.30, SD = 1.36) vs. voluntary facial action (M = 5.09, SD = 1.73), Mdiff = 0.23, 95% CI 

[0.03, 0.43], 3.83% scale range, t(22.7) = 2.43, p = .02, and pen-in-mouth tasks (M = 5.07, SD = 

1.61), Mdiff = 0.24, 95% CI [0.11, 0.36], 4% scale range, t(194) = 3.63, p < .001. 

Genuineness ratings strongly varied by Facial Movement Task, F(2, 13.69) = 82.56, p < 

.001. Genuineness ratings were substantially lower in the pen-in-mouth (M = 2.98, SD = 1.89) 

vs. facial mimicry (M = 4.15, SD = 1.92), Mdiff = -1.15, 95% CI [-1.34, -0.97], 19.17% scale 

range, t(23.85) = 12.85, p < .001, and voluntary facial action tasks (M = 3.91, SD = 2.00), Mdiff = 

-0.89, 95% CI [-1.12, -0.66], 14.83% scale range, t(24.92) = 8.00, p < .001. Genuineness ratings 

were also lower in the voluntary facial action vs. facial mimicry tasks, Mdiff = -0.26, 95% CI [-

0.48, -0.05], 4.33% scale range, t(6.67) = -2.90, p = .02. Participants also reported higher 

genuineness ratings in the presence (M = 3.78, SD = 2.00) vs. absence (M = 3.57, SD = 2.00) of 

positive images, Mdiff = 0.23, 95% CI [0.11, 0.34], 3.83% scale range, F(1, 1538.52) = 13.66, p < 

.001. 
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Awareness of the study purpose 

To examine whether some facial feedback tasks lead participants to be more aware of the 

study purpose, we used data from all 3,878 participants and modeled coder ratings of the extent 

to which they were aware with (a) Facial Movement Task and Stimuli Presence entered as effect-

coded factors, (b) random intercepts for research groups, and (c) random slopes for research 

groups. Awareness scores varied by Facial Movement Task, F(2, 19.70) = 13.54, p < .001, with 

participant being less aware in the pen-in-mouth (M = 1.75, SD = 1.41) vs. voluntary facial 

action task (M = 2.28, SD = 1.78) Mdiff = -0.48, 95% CI [-0.67, -0.29], 8.02% scale range, t(24) = 

-5.19, p < .001, and facial mimicry task (M = 2.05, SD = 1.52), Mdiff = -0.27, 95% CI [-0.43, -

0.11], 4.48% scale range, t(24) = -5.19, p < .001. Participants were also less aware in the facial 

mimicry vs. voluntary facial action task, Mdiff = -0.21, 95% CI [-0.36, -0.07], 3.53% scale range, 

t(39.4) = -2.97, p = .005. 

To test whether facial feedback effects are amplified by awareness of the study purpose, 

we modeled happiness reports with (a) Pose, Facial Movement Task, and Stimuli Presence 

entered as effect-coded factors, (b) awareness scores entered mean-centered, (c) a higher-order 

interaction term for Pose and awareness scores, (d) random intercepts for participants and 

research groups, and (e) research group random slopes for all terms other than awareness scores. 

Results indicated that the Pose effect was larger among participants who were more aware of the 

study hypothesis, β = 0.08, 95% CI [0.06, 0.10], t(22.74) = 7.55, p < .001 (see Figure 3). 

Body awareness 

To examine the moderating role of body awareness, we re-ran our primary analysis 

model with (a) participants’ responses on a body awareness measure entered mean-centered and 

(b) a higher-order interaction term for Pose and Awareness. No moderating role of body 

awareness was detected, β = 0.00, 95% CI [-0.03, 0.03], t(9.87) = 0.02, p = .99 (see Figure 3). 

Between-condition differences in other inclusion criteria 

Next, we examined whether there were between-condition differences in the extent to 

which participants (a) used an incorrect device to complete the study (e.g., a phone), or (b) failed 

attention checks. We separately modeled the probability that participants failed to meet each 

inclusion criteria using logistic mixed-effect regression with (a) Facial Movement Task and 

Stimuli Presence entered as effect-coded factors, (b) random intercepts for research groups, and 

(c) random slopes for research groups.  
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The probability that participants used the incorrect device did not vary by Facial 

Movement Tasks (96%, 96%, 97% pass rate in the facial mimicry, voluntary facial action, and 

pen-in-mouth tasks), χ2(2) = 3.06, p = .22, or Stimuli Presence (97% pass rate in the absence and 

presence of positive stimuli), χ2(1) = 0.11, p = .74. Likewise, the probability that participants 

failed attention checks did not vary between Facial Feedback Tasks (84%, 82% and 83% pass 

rates in the facial mimicry, voluntary facial action, and pen-in-mouth tasks), χ2(2) = 1.28, p = 

0.53, or Stimuli Presence (84% and 82% pass rate in the absence and presence of positive 

stimuli), χ2(1) = 2.54, p = .11. 

We also tested for between-condition differences in coder ratings of the extent to which 

participants were distracted using linear mixed-effect regression with (a) Facial Movement Task 

and Stimuli Presence entered as effect-coded factors, (b) random intercepts for research groups, 

and (c) random slopes for research groups. Distraction scores did not significantly vary between 

the facial mimicry (M = 2.01, SD = 1.17), voluntary facial action (M = 1.92, SD = 1.14), and pen-

in-mouth (M = 1.92, SD = 1.14) tasks, F(2, 18.57) = 2.45, p = .11. Distraction scores also did not 

vary in the absence (M = 1.94, SD = 1.15) vs. presence (M = 1.96, SD = 1.16) of positive stimuli, 

F(1, 900.52) = 0.02, p = .90. 

Anger and anxiety 

We next examined (a) whether posed happy expressions decreased self-reported negative 

emotions, and (b) whether some facial movement tasks were more frustrating and anxiety-

provoking than others. To do so, we separately re-ran our primary analysis with anxiety and 

anger reports as the dependent variables.  

Happy vs. neutral facial expression poses did not significantly decrease feelings of anger, 

Mdiff = -0.02, 95% CI [-0.07, 0.03], 0.33% scale range, F(1, 20.71) = 0.85, p = .37, or anxiety, 

Mdiff = -0.01, 95% CI [-0.07, 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, F(2, 58.20) = 5.18, p = 0.008, did 

differ by Facial Feedback Task. Participants reported higher levels of anger in the pen-in-mouth 

vs. facial mimicry, Mdiff = 0.14, 95% CI [0.03, 0.24], 2.33% scale range, t(24.2) = 2.64, p = .01, 

and voluntary facial action tasks, Mdiff = 0.12, 95% CI [0.02, 0.21], 2% scale range, t(31.6) = 

2.40, p = .02. Similarly, participants reported more anxiety in the pen-in-mouth vs. facial 

mimicry, Mdiff = 0.13, 95% CI [0.02, 0.24], 2.17% scale range, t(51.6) = 2.35, p = 0.02, and 

voluntary facial action tasks, Mdiff = 0.17, 95% CI [0.06, 0.28], 2.83% scale range, t(79) = 3.00, p 
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= 0.004. Nonetheless, follow-up exploratory analyses did not indicate that these increases in 

anxiety obfuscated facial feedback effects (see Supplementary Information). 

Exploratory Analyses 

For all analyses, we pre-registered plans to model random slopes for research groups. 

However, random slopes often led to singular fit and convergence warnings, which is indicative 

of overfit models with potentially unreliable estimates81. Sensitivity analyses without (vs. with) 

random slopes generally yielded identical inferences, except for the simple effect of Pose in the 

pen-in-mouth task. After removing random slopes, the two-sided test of the effect of Pose was 

not significant, Mdiff = 0.08, 95% CI [-0.01, 0.16]. 1.33% scale range, F(1, 1498) = 2.78, p = 

.095—but an exploratory one-sided test was (one-sided p < .05). However, Bayesian analyses 

were inconclusive, BF10 = 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 in the pen-

in-mouth task, Mdiff = 0.14, 95% CI [0.07, 0.21], or 2.33% scale range, F(1, 3872) = 16.37, p < 

.001, BF10 > 100. 

Discussion 

Our project brought together a large adversarial team to design and conduct an 

experiment that best tested and clarified our disagreements about the facial feedback hypothesis. 

We designed our experiment not to provide 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 all49, researchers have had 

difficulty replicating40. Nevertheless, our methodology differed in many ways from the original 

pen-in-mouth study. For example, we ran our study online (vs. in-person); focused on feelings of 

happiness (vs. amusement); used a different cover story; had participants pose expressions for a 

relatively short duration (5 seconds); and did not instruct participants 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 culturally diverse sample (see 

Supplementary Figure 2 for country-specific effect size estimates). Contrary to theories that 

characterize peripheral nervous system activity and emotional experience as independent 

components of an emotion response12–14, our results suggest that facial feedback can impact 

feelings of happiness when using the facial mimicry and voluntary facial action tasks. 
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Furthermore, these effects emerge both in the presence and absence of emotional stimuli—

although, contrary to our prediction, 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, but also initiate feelings of happiness in 

otherwise neutral contexts59.  

Secondary analyses revealed that the observed facial feedback effects could not be 

explained by participants’ aversion to the relatively inactive neutral pose task or demand 

characteristics. Even compared to relatively active filler trials, participants reported the most 

happiness 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 effects among 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 effects82.  

Consistent with our predictions and a previous meta-analysis59, facial feedback effects, 

when present, were small (see Supplementary Figure 3 for the distribution of mean difference 

scores). Nonetheless, these effects were similar in size to the effect of mildly positive photos on 

happiness—i.e., facial feedback was just as impactful as the external emotional context. 

Observing small effects is inconsistent with extreme claims that facial feedback is the primary 

determinant of emotional experience2,83. However, they support less extreme theories that 

characterize facial feedback as one of many components of the peripheral nervous system that 

contribute to emotional experience47,84,85. 

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 5 seconds 

every morning—can be leveraged to manage distress15,16, improve well-being17,18, and reduce 

depression19-39. It is possible that relatively small facial feedback effects could accumulate into 

meaningful changes in well-being over time86. However, given that the similar-sized effect of 

positive images on happiness has not emerged as a serious 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 was less clear in the pen-in-
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mouth task. (This was despite avoiding video recording participants, which some50—but not 

all59—researchers argue interferes with facial feedback effects.) Our pre-registered 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, when we 

relaxed our inclusion criteria, both frequentist and Bayesian analyses provided strong evidence 

of a facial feedback effect in the pen-in-mouth task. Nonetheless, we pre-registered that this 

would be considered a less stringent test of the facial feedback hypothesis.  

Although it is less clear if 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 effects82, but 

they may involve both inferential processes (e.g., people inferring they are happy because they 

are smiling)45,46 and non-inferential processes (e.g., smiling automatically activating other 

physiological components of emotion)5,54. Unlike other facial feedback tasks, the pen-in-mouth 

task was designed to limit the role of inferential process by manipulating facial expressions 

covertly41. Consistent with this goal, participants in the pen-in-mouth condition were less likely 

to report that the posed happy expression felt genuine. This may mean that inferential processes 

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 Supplementary 

Information for similar results from pilot studies using a multifaceted self-report of body 

awareness.) 

Alternatively, the pen-in-mouth task may have created a less prototypical expression of 

happiness—which, regardless of the role of inferential processes, may attenuate facial feedback 

effects51–53. Specifically, facial feedback effects may be (a) amplified when the task activates 

muscles typically associated with an emotional state, and (b) attenuated when the task activates 

muscles not typically associated with an emotional state. In retrospect, 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 
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variant of the task that better activates the orbicularis oculi muscles, which is associated with 

genuine expressions of happiness56. However, our results provide mixed support for these 

predictions. On one 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 this issue by more directly measuring muscle activity using facial action 

coding71, electromyography87, sonography88, or thermography89.  

To conclude, our adversarial collaboration was, in part, inspired by conflicting narratives 

about the validity of the facial feedback hypothesis. We began the collaboration after (a) a large 

team of researchers failed to replicate a seminal demonstration of facial feedback effects using a 

pen-in-mouth task40, but (b) meta-analysis indicated that facial feedback has a small but 

significant effect on emotional experience59. 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 both modulate and initiate feelings of 

happiness. It has been nearly 100 years since researchers began famously debating whether 

peripheral nervous system activity is merely a byproduct of emotion processes. Consistent with 

theories that posit peripheral nervous system activity impacts emotional experience, our results a 

century later provide strong evidence of facial feedback effects. With this foundation 

strengthened, future researchers can turn their attention to answering new questions about when 

and why these effects occur. 

Methods 

Ethics 

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. At the time of Stage I 

submission, 22 research groups had ethics approval to collect data, but additional sites with 

pending ethics approval joined the project later. All participants provided informed consent. 
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Procedure 

The experiment was presented via Qualtrics. Due to constrains created by the 

Coronavirus Disease 2019 (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 the study, participants were asked to confirm that they 

(a) have a clean pen or pencil nearby that they are willing to place in their mouths, (b) are 

completing the study on a desktop computer or laptop (details regarding participants’ operating 

systems were automatically recorded to confirm), and (c) are in a setting with minimal 

distractions.  

Participants were told that the study investigates how physical movements and cognitive 

distractors influence mathematical speed and accuracy and that they would complete four simple 

movement tasks and math problems. The first and last tasks were randomly-presented filler trials 

that helped ensure the cover story is believable (“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, participants were asked to pose 

happy and neutral facial expressions in randomized order through either 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, 

participants were provided with an on-screen timer during all tasks. 

After each task (including filler tasks), participants completed a simple filler arithmetic 

problem and the Discrete Emotions Questionnaire’s 4-item happiness subscale, which asked 

participants to indicate the degree to which they experienced happiness, satisfaction, liking, and 

enjoyment during the preceding task (1 = “not at all” to 7 “an extreme amount”)66. Participants 

also completed two items measuring anxiety (worry, nervous). To further obscure the purpose of 

the study, participants also completed one anger, tiredness, and confusion filler item. All emotion 

items were presented in random order. By not referencing the emotional stimuli, this 

questionnaire better captured self-focused, as opposed to world-focused, emotional 

experience57,58. Afterwards, participants rated how much they liked the task and how difficult 

they found the task and arithmetic problem. In the non-filler tasks, an attention check item asking 

participants to choose a specific response option was randomly inserted in the questions 

regarding the task and arithmetic problem difficulty. 
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In the facial mimicry condition, participants were shown a 2 x 2 image matrix of actors 

posing happy expressions. Participants were then instructed to either mimic these expressions 

(happy condition) or maintain a blank expression (neutral condition). Importantly, having 

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 mimicry trials. The expression matrix was displayed for at least 

5 seconds, and participants indicated when they are ready to perform the task. In the voluntary 

facial action technique condition, participants were instructed to either move the corner of their 

lips up towards their ear and elevate their cheeks using only the muscles in their face (happy 

condition) or maintain a blank facial posture (neutral condition). In the pen-in-mouth condition, 

participants received video instructions regarding the correct way to hold the pen in their teeth 

(happy condition) or lips (neutral condition). During all facial pose tasks, participants were 

instructed to maintain the poses for 5 seconds, the approximate duration of spontaneous 

happiness expressions67. 

After completing the five movement tasks, 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 description of the study purpose and methods and subsequently 

reviewed participants’ open-ended responses in randomized order. Based on the open-ended 

responses, coders rated the degree to which each participant was aware of the true purpose of the 

experiment (1 = “not at all aware” to 7 = “completely aware”). 

After answering questions about their beliefs regarding the purpose of the experiment, 

participants completed a short demographic form and the Body Awareness Questionnaire68.  

Participants then answered several questions related to the quality of their data. First, 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, participants were asked to repeat the task and rate the degree to which it felt like they 

were expressing happiness (1 = “not at all” to 7 = “exactly”). Third, participants were asked to 

watch themselves repeat the task (e.g., via a mirror or camera phone) and indicate the degree to 

which their expression matched an image of an individual completing the task correctly (1 = “not 

at all” to 7 = “exactly”). Fourth, participants were asked to describe any issues that may have 
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compromised the quality of their data (e.g., 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 = “not at all distracted” to 7 “completely distracted”). Participants were told 

that there would not be a penalty for indicating that they did not complete the task correctly or 

that there were issues with the quality of their data.  

Ideally, the quality of participants’ posed expression 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 region may also have lacked a web camera. 

Furthermore, researchers are still debating whether awareness of overt video recording interferes 

with facial feedback effects49,50,59,69. Nevertheless, pilot study recordings and self-reports 

confirmed that almost all participants successfully posed the target facial expressions (see 

Supplementary Information). 

Materials 

In the facial mimicry task, participants all viewed the same 2 x 2 image matrix of actors 

posing happy facial expressions from the Extended Cohn-Kanade Dataset70. All four actors 

posed prototypical facial expressions of happiness, as confirmed by coders trained in the Facial 

Action Coding System71. An image matrix of actors, as opposed to a single image, was used so 

that participants had multiple examples of the movement and were provided with more options 

for a suitable facial model. In the pen-in-mouth task, instructional videos were adopted from 

Wagenmakers and colleagues’ replication materials40. 

During the two facial expression pose tasks, one group of participants viewed an array of 

four positive photos (e.g., photos of dogs, flowers, kittens, and rainbows). Multiple photos (as 

opposed to a single photo) were used to increase the probability that participants 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 System72 that were separately 

rated on how good and bad they were73. Results from three pilot studies confirmed that these 

images successfully elicited feelings of happiness (see Supplementary Information). Due to 

potential cross-cultural differences in what types of photos elicit happiness (e.g., dog photos can 

be expected to elicit happiness in many Western cultures, but not all African cultures), each lab 

was permitted to replace photos with more culturally-appropriate positive photos. For non-
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English speaking data collection sites, experiment materials were translated into the local 

language.  

Primary Analyses 

Due to the nested nature of the data (e.g., ratings nested within individuals, nested within 

research groups), we used linear multilevel modeling. More specifically, happiness reports were 

modeled with (a) Pose, Facial Movement Task, and Stimuli Presence entered as factors, (b) 

random intercepts for research groups and participants, and (c) random slopes for research 

groups. All hypotheses in Table 1 were examined using both null hypothesis significance testing 

and Bayesian alternatives. 

Participants were excluded from the primary analyses if they (1) exhibited any awareness 

of the facial feedback hypothesis (i.e., received an awareness score over 1 from two independent 

coders), (2) disclosed that they were very distracted during the study (i.e., 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 they did not follow the pose instructions, (5) indicated 

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 exclusion criteria were added 

after failing to observe the pen-in-mouth effect in pilot study 3. 

Secondary Analyses 

Although our primary analyses were run with the aforementioned exclusion criteria, we 

also re-ran these analyses to examine if the exclusion criteria interact with Pose to influence 

happiness reports. We also examined if these exclusion criterion variables varied as a function of 

Facial Movement Task and Stimuli Presence. 

To examine the alternative explanation that doing something (e.g., posing a happy facial 

expression) may simply be more enjoyable than doing nothing (e.g., posing a neutral facial 

expression), we also re-ran our primary analysis with a factor contrasting the happy pose and 

filler trials. 

Although previous research has indicated that many psychology studies yield similar 

effect sizes when completed online vs. in a lab74, we recorded the mode of data collection and 

planned to re-run our primary analysis with data collection mode included as a moderator. 

However, we noted that this analysis may be confounded by (a) whether the research group is a 

proponent vs. critic of the facial feedback hypothesis (i.e., proponents may be more likely to 
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collect data in the laboratory) and (b) the region of data collection (i.e., research groups in 

regions with fewer COVID-19 cases may be more likely to collect data in the laboratory).  

Although we did not anticipate a Pose by Facial Movement Task interaction, we noted 

that it is possible that the pen-in-mouth condition leads to heightened levels of anxiety in the 

midst and/or aftermath of COVID-19. Although speculative, heightened levels of anxiety may 

interfere with facial feedback effects. Consequently, as an exploratory analysis, we examined if 

anxiety ratings differ as a function of Facial Movement Tasks.  

Power Simulation 

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 pilot studies 1 and 2 (see 

Supplementary Information). All other effects were set to zero. Pilot study 3 was run after initial 

in-principle acceptance was granted and yielded somewhat different effect size estimates. 

However, this pilot study led to minor refinements in exclusion criteria that left our original 

predictions unchanged.  

Based on two pilot studies, we simulated random intercepts for participants with SD = 

0.70. We did not simulate random slopes for participants since there are only two observations 

within each participant, which would likely lead to convergence issues. Random slopes for 

research groups were simulated based on the values from the previous many-lab failure-to-

replicate40. For hypothesized effects, we specified conservative random slopes estimates based 

on the standard deviation of their meta-analytic effect size from the 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 the previous many-labs failure-to-replicate (τ2 ≈ 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 pilot studies 1 and 2.  

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, based on pilot 

study 3, we estimated that 44% of participants would not meet our strict inclusion criteria, 

leading to a desired sample of 2,281. Consequently, we planned to stop collecting data once one 

of the following conditions are met: (a) 22 labs had collected 105 participants, or (b) at least six 
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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 will collect data for this project, although additional labs with 

pending ethics approval were allowed to join the project later. 
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Data availability 

Full data are publicly available at https://osf.io/ac3t2/ 

Code availability 

Full analysis code is publicly available at https://osf.io/ac3t2/  
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Tables 

Table 1 

Research questions and associated hypotheses. 

Research Question Hypothesis 

Does posing happy vs. neutral 

expression cause people to feel 

happier? 

Participants will report experiencing more happiness 

when posing happy vs. neutral facial expressions. 

Do happy facial poses only 

influence feelings of happiness if 

they resemble a natural expression 

of happiness? 

The difference in self-reported happiness when posing 

happy vs. neutral facial expressions will not be larger 

during tasks that produce more natural expressions of 

happiness. 

Can facial poses initiate emotional 

experience in otherwise neutral 

scenarios, or can they only modulate 

ongoing emotional experiences? 

The difference in self-reported happiness when posing 

happy vs. neutral facial expressions will be significant 

both in the presence and absence of emotional stimuli. 

This difference will be larger in the presence of 

emotional stimuli. 

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 vs. 

neutral facial. 
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Figure Legends/Captions 

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. 
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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 = “not at all” to 7 “an extreme amount”) after participants posed 

happy facial expressions, posed neutral facial expressions, or completed filler tasks. Panel 

columns indicate whether participants completed the facial mimicry, voluntary facial action, or 

pen-in-mouth task. Panel rows indicate whether positive images were absent or present during 

the facial pose tasks. Grey points represent jittered participant observations.  Blue error bars 

represent mean ± 1 standard error. Condition-specific sample sizes (n), means (M), and 

standard deviations (SD) are reported. 
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Fig. 3: Potential moderators of facial feedback effects. 

The change in happiness (y-axis) when participants posed happy vs. neutral expressions were 

moderated by compliance, similarity, genuineness, and hypothesis awareness ratings—but not 

body awareness ratings (x-axes). Grey points represent jittered participant observations.  Blue 

lines represent estimated linear relationships. 
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A multi-lab test of the facial feedback hypothesis by The Many Smiles Collaboration 

Supplementary Information 

Pilot Studies 1 and 2 

Pilot studies 1 and 2 were run prior to initial Stage 1 acceptance and featured a 2 (Pose: 

happy or neutral) x 2 (Facial Movement Task: facial mimicry or voluntary facial action 

technique) design. The studies differed from the procedures described in the main manuscript in 

the following ways: (1) the pen-in-mouth task was not included because this condition was added 

after peer-review, (2) participants were run in a laboratory and interviewed by an experimenter, 

(3) participants were covertly recorded in pilot study 1, (4) participants did not complete 

attention check items, and (5) there were three (as opposed to two) filler trials.  

The two pre-registered pilot studies differed in whether participants viewed emotional 

stimuli while engaging in the critical poses, with the first pilot testing initiating effects (i.e., no 

stimuli present) and the second pilot testing modulating effects (i.e., stimuli present; see 

Supplementary Figure 1). Together, data were collected from 206 participants (67% female, 33% 

male; age M = 18.52, SD = 0.96) who completed the experiment in exchange for partial course 

credit. Patterns of data and inferences were identical across the two studies, so pooled analyses 

are reported unless otherwise noted. All participants provided informed consent. 
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Supplementary Fig. 1: Experimental design of the main and pilot studies.  

The main study and pilot study 3 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. Blue boxes represent each factor in the 

experimental design, and white and grey boxes represent the cross between factors. Pilot studies 

1 and 2 did not examine the pen-in-mouth task, which was added after Stage 1 external review. 

 

Test of the Facial Feedback Hypothesis 

To examine whether facial feedback impacted self-reported happiness, a 2 (Pose: happy 

or neutral) x 2 (Facial Movement Task: facial mimicry or voluntary facial action technique) x 2 

(Stimuli Presence: absent or present) mixed-effect ANOVA was fitted, with Pose included as a 

within-participant factor. Consistent with the facial feedback hypothesis, participants reported 

more happiness after posing happy (M = 2.47, SD = 1.48) vs. neutral expressions (M = 1.93, SD 

= 1.18), F(1, 202) = 43.65, p < .001, η2
G = 0.04, 95% CI [0.01, 0.11]. No main effect for Facial 

Movement Task was detected, F(1, 202) = .38, p = .54, η2
G = 0.00, 95% CI [0.00, 0.03]. There 

was a main effect for Stimuli Presence, wherein participants reported more happiness when 
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positive stimuli were present (M = 2.65, SD = 1.54) vs. absent (M = 1.72, SD = 0.94), F(1, 202) 

= 36.06, p < .001, η2
G = 0.08, 95% CI [0.02, 0.17].  

Results also revealed an interaction between Pose and Stimuli Presence, F(1, 202) = 5.79, 

p = .02, η2
G = 0.01, 95% CI [0.00, 0.05]. To decompose this interaction, 2 (Pose: happy or 

neutral) x 2 (Facial Movement Task: facial mimicry or voluntary facial action technique) mixed 

ANOVAs were separately fitted for each study. Effects of Pose were obtained both when stimuli 

were absent, F(1, 98) = 15.56, p < .001, η2
G = 0.03, 95% CI [0.00, 0.13], and present, F(1, 104) = 

29.40, p < .001, η2
G = 0.06, 95% CI [0.00, 0.17]. These findings indicate that smiling both 

initiated and modulated happiness, and that smiling had an especially strong modulating effect. 

Some may argue that the inclusion of the mimicry task prevented a true test of the initiation 

hypothesis because images of smiling actors may elicit happiness. This seems unlikely because 

participants did not report more happiness in the mimicry vs. voluntary facial action technique 

tasks. Nevertheless, follow-up analyses excluding the mimicry condition confirmed that facial 

feedback can initiate emotional experience, F(1, 50) = 6.76, p = .01, η2
G = 0.04, 95% CI [0.00, 

0.19]. 

Although results are consistent with the facial feedback hypothesis, one alternative 

explanation is that participants found the smiling task to be less boring than the neutral task 

(perhaps because participants do not do anything with their bodies in this latter task). The filler 

trials allowed us to provide a post hoc test of this possibility because they required participants to 

perform affectively neutral bodily movements. We therefore compared happiness ratings during 

the happy vs. filler movement trials using a 2 (Movement Trial: smile or filler) x 2 (Stimuli 

Presence: absent or present) mixed-effect ANOVA. Consistent with the facial feedback 

hypothesis, results indicated that participants reported greater happiness after posing happy 

expressions (M = 2.47, SD = 1.48) vs. engaging in filler movements (M = 1.86, SD = 1.01), F(1, 

204) = 56.42, p < .001, η2
G = 0.06, 95% CI [0.01, 0.14]. Results also revealed an interaction 

between Movement Trial and Stimuli Presence, F(1, 204) = 35.52, p < .001, η2
G = 0.04, 95% CI 

[0.00, 0.11]. To decompose this interaction, we re-examined the main effect of Movement Trial 

separately for each study. Results provided significant evidence of a Movement Trial effect when 

stimuli were present, F(1, 105) = 63.47, p < .001, η2
G = 0.14, 95% CI [0.04, 0.27], but not absent, 

F(1, 99) = 2.34, p = .13, η2
G = 0.00, 95% CI [0.00, 0.06]. 
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Participant Awareness  

Based on in-person funnel debriefings, experimenters rated the degree to which 

participants were aware of the purpose of the experiment (1 = “not at all aware” to 5 = 

“completely aware”). Results indicated that participants generally exhibited low awareness of the 

purpose of the experiment (M = 1.54, SD = 0.96), with 85% of participants characterized as not 

at all or slightly aware. To examine whether participant awareness varied across conditions, 

awareness ratings were modeled using a 2 (Facial Movement Task: facial mimicry or voluntary 

facial action technique) x 2 (Stimuli Presence: present or absent) ANOVA. Contrary to our 

prediction, results did not indicate that participants were more aware of the purpose of the 

experiment in the facial mimicry (M = 1.47, SD = 0.85) vs. voluntary facial action technique (M 

= 1.61, SD = 1.05) condition, F(1, 202) = 1.04, p = .31, η2
G = 0.00, 95% CI [0.00, 0.03]. 

Unexpectedly, participants exhibited more awareness of the experiment’s purpose when 

emotional stimuli were present (M = 1.68, SD = 1.03) as opposed to absent (M = 1.39, SD = 

0.86), F(1, 202) = 4.75, p = .03, η2
G = 0.01, 95% CI [0.00, 0.06]. No interaction between 

awareness and stimuli presence was detected, F(1, 202) = 0.47, p = .49, η2
G = 0.00, 95% CI 

[0.00, 0.03]. 

Although results are consistent with the facial feedback hypothesis, it is possible that 

observed effects were driven by participants’ awareness of the purpose of the experiment (e.g., 

demand characteristics). Confirmatory analyses were re-run using linear mixed-effect modeling 

with participant awareness included as a continuous moderator. Results from this analysis 

provided some evidence that facial feedback effects are larger when participants were more 

aware of the purpose of the experiment, pooled F(1, 198) = 5.48, p = .02; Study 1 F(1, 96) = 

0.66, p = .42; Study 2 F(1, 102) = 6.27, p = .01. Consequently, all confirmatory analyses we re-

run excluding participants who exhibited any degree of awareness (i.e., had an awareness score 

higher than 1). All aforementioned results were robust except the interaction between Facial 

Movement Task and Stimuli Presence. Taken together, the observation of a significant facial 

feedback effect in participants who were completely unaware of the purpose of the experiment 

indicates that awareness of the purpose of the experiment does not fully account for our results. 

At the same time, results from the moderator analysis suggest that being aware of the hypothesis 

can amplify facial feedback effects. 
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Quality of Posed Expressions 

In pilot study 1, participants were covertly recorded to assess the quality of their posed 

expressions. For participants who consented for their videos to be analyzed (n = 80), video 

recordings of their happy and neutral posing trials were processed through Noldus FaceReader 

7.0, which provided moment-to-moment ratings of expressed happiness (0 to 1)91. FaceReader 

failed to code videos from two participants, leaving a final sample of 78 pairs of videos. 

Expressed happiness ratings were modeled using a 2 (Pose: happy or neutral) x 2 (Facial 

Movement Task: facial mimicry or voluntary facial action technique) mixed-effect ANOVA, 

with Pose included as a within-participant factor. As expected, participants expressed more 

happiness during the happy (M = .65, SD = .27) vs. neutral (M = .03, SD = .05) trials, F(1, 76) = 

454.61, p < .001, η2
G = 0.75, 95% CI [0.63, 0.83]. Participants also expressed more happiness in 

the facial mimicry (M = .39, SD = .39) vs. voluntary facial action technique (M = .28, SD = .34) 

condition, F(1, 76) = 14.59, p < .001, η2
G = 0.09, 95% CI [0.01, 0.23]. These main effects were 

qualified by a significant interaction, wherein the difference in expressed happiness between the 

happy and neutral trials was larger in the facial mimicry condition, F(1, 76) = 14.68, p < .001, 

η2
G = 0.09, 95% CI [0.01, 0.24]. These patterns of results are consistent with our prediction that 

the facial mimicry condition would produce more prototypical expressions of happiness than the 

voluntary facial action technique condition, although our results so far provide no evidence that 

the quality of poses influence the magnitude of facial feedback effects. In addition, all but one 

participant expressed more happiness during the happy vs. neutral trial, indicating that most 

participants can successfully execute these two facial feedback tasks. 

Individual Differences in Bodily Awareness 

Unfortunately, no measure of facial awareness has been developed59. As a proxy, we 

included the Multidimensional Assessment of Interoceptive Awareness (MAIA). The MAIA 

does not contain questions about facial activity, but it does distinguish between multiple aspects 

of body awareness, four which may be relevant for facial feedback effects: (1) noticing body 

sensations, (2) attending to body sensations, (3) being aware of the association between body 

sensations and emotional states, and (4) trusting body sensations90. Evidence that any of these 

aspects moderate facial feedback effects would provide some evidence that facial feedback 

effects rely in part upon conscious processes. We caution, however, that the converse is not true. 

Given both (a) the usual challenges in accepting the null hypothesis and (b) the fact that the 
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MAIA does not assess awareness of facial activity, the absence of evidence for moderation 

should not constitute evidence that facial feedback effects rely entirely upon unconscious 

processes. 

To examine whether individual differences in body awareness moderated facial feedback 

effects, we post-hoc modeled happiness ratings using a linear mixed-effect model with (a) type 

of pose (happy or neutral) entered as a categorical predictor, (b) the four subscales of the MAIA 

entered as continuous predictors, and (c) interactions between type of pose and each of the four 

subscales. We did not find evidence that any of these four subscales moderated facial feedback 

effects, noticing F(1, 200) = 0.00, p = .97; attending F(1, 200) = 0.49, p = .48; aware F(1, 200) = 

0.29, p = .59; trust F(1, 200) = 0.00, p = .99. 
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Pilot Study 3 

Based in part on results from pilot studies 1 and 2, a Registered Report to run an in-

person study containing the conditions outlined in Supplementary Materials Figure 1 was 

accepted in-principle. However, due to the emergence of the Coronavirus Disease 2019 

pandemic, many participating research groups had to suspend in-person data collection. 

Consequently, a third pre-registered pilot study was designed to examine the feasibility of 

conducting the study online. Results from this pilot study led to a minor amendment of the 

registered report. 

Pilot study 3 featured the full 2 (Pose: happy or neutral) x 3 (Facial Movement Task: 

facial mimicry, voluntary facial action technique, or pen-in-mouth task) x 2 (Stimuli Presence: 

present or absent) design. The studies differed from the procedures described in the main 

manuscript in the following ways: participants were not asked to (1) confirm they were 

completing the study on a computer (although details regarding participants’ operating systems 

were automatically recorded), (2) confirm that they were in a setting with minimal distractions, 

(3) rate the degree to which they felt like they were expressing happiness during the happy pose, 

or (4) rate the degree to which their expression matched an image of an individual completing 

the happy pose task correctly. These features were added due to unexpected findings in pilot 

study 3. 

We recruited 161 participants through the online data collection platform, Prolific, and 

paid participants $3 to complete the 15-minute study. Based on pre-registered criteria, we 

removed participants who (1) opened, but did not complete the survey (n = 7), (2) failed to pass 

both attention checks (n = 18), (c) failed to accurately answer the filler math problems (n = 5), 

(d) did not follow instructions to complete the survey on a desktop computer (n = 9), (e) self-

reported that they did not accurate complete the happy pose task (n = 1), and/or (f) indicated an 

unwillingness to place a pen in their mouth (n = 2). After exclusions, there were 119 participants 

(45% female, 52% male, 2% transgender male, 1% gender variant/non-conforming; age M = 

31.30, SD = 11.30). Forty-three participants completed the facial mimicry task, 42 completed the 

voluntary facial action technique task, and 34 completed the pen-in-mouth task. All participants 

provided informed consent. 
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Test of the Facial Feedback Hypothesis 

To examine whether facial feedback impacted self-reported happiness, a 2 (Pose: happy 

or neutral) x 3 (Facial Movement Task: facial mimicry, voluntary facial action technique, or pen-

in-mouth task) x 2 (Stimuli Presence: present or absent) mixed-effect ANOVA was fitted, with 

Pose included as a within-participant factor. Consistent with the facial feedback hypothesis, 

participants reported more happiness after posing happy (M = 2.51, SD = 1.52) vs. neutral 

expressions (M = 2.16, SD = 1.48), F(1, 113) = 10.04, p = .002.  

No main effect for Facial Movement Task was detected, F(2, 113) = 0.43, p = .65. There 

was a main effect for Stimuli Presence, wherein participants reported more happiness when 

positive stimuli were present (M = 2.65, SD = 1.55) vs. absent (M = 2.02, SD = 1.41), F(1, 113) 

= 6.26, p = .01. Unexpectedly, no significant interaction between Pose and Stimuli Presence was 

detected, F(1, 113) = 0.22, p = .64. These results suggest that posing happy expressions can both 

initiate and modulate feelings of happiness. However, contrary to our prediction, the modulation 

effects were not larger than the initiation effects. Also unexpectedly, results revealed an 

interaction between Pose and Facial Movement Task, F(2, 113) = 4.15, p = .02. Follow-up 

contrasts indicated that participants reported more happiness after posing happy vs. neutral 

expressions in the facial mimicry, F(1, 113) = 15.54, p < .001, voluntary facial action technique, 

F(1, 113) = 4.69, p = .03, but not pen-in-mouth task, F(1, 113) = 0.12, p = .73.  

Although results are somewhat consistent with the facial feedback hypothesis, one 

alternative explanation is that participants found the smiling task to be less boring than the 

neutral task. Similar to pilot studies 1 and 2, we compared happiness ratings during the happy vs. 

filler movement trials using a 2 (Movement Trial: smile or filler) x 3 (Facial Movement Task: 

facial mimicry, voluntary facial action technique, or pen-in-mouth task) x 2 (Stimuli Presence: 

absent or present) mixed-effect ANOVA. Consistent with the facial feedback hypothesis, results 

indicated that participants reported greater happiness after posing happy expressions (M = 2.51, 

SD = 1.52) vs. engaging in filler movements (M = 2.03, SD = 1.31), F(1, 232) = 29.49, p < .001. 

Results also revealed an interaction between Movement Trial and Facial Movement Task, F(2, 

113) = 10.69, p < .012. Follow-up contrasts indicated that participants reported more happiness 

after posing happy expressions vs. engaging in filler movements in the facial mimicry, F(1, 232) 

= 37.15, p < .0001, voluntary facial action technique, F(1, 232) = 19.14, p < .0001, but not pen-

in-mouth task, F(1, 232) = 0.36, p = .55. Results also revealed an interaction between Movement 
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Trial and Stimuli Presence, F(1, 232) = 9.33, p = .003. Follow-up contrasts indicated that 

participants reported more happiness after posing happy expressions vs. engaging in filler 

movements when positive images were present, F(1, 232) = 35.71, p < .0001. However, when 

positive images were absent, this difference was not statistically significant, F(1, 232) = 2.85, p 

= .09.  

Taken together, these results provide evidence that certain facial movement tasks—i.e., 

facial mimicry and the voluntary facial action technique—can modulate feelings of happiness. 

These results also provide preliminary evidence that these facial movement tasks can initiate 

feelings of happiness. 

Participant Awareness  

Towards the end of the experiment, participants provided written responses to a text-

based funnel debriefing. Two independent raters reviewed these written responses and coded 

whether the participant was aware of the purpose of the study (0 = unaware, 1 = aware; 90.30% 

agreement; Cohen’s κ = 0.65). Participants were classified as aware if either of the coders 

indicated that the participant seemed aware of the purpose of the study. In total, 76% of 

participants were coded as unaware of the purpose of the study.  

To examine whether participant awareness differed across conditions, a logistic 

regression was fitted with facial feedback task entered as an effects-coded factor. Results 

indicated that awareness differed by condition, χ2(2, N =119) = 11.28, p = .004. Follow-up 

pairwise comparisons indicated that participants were more likely to be aware of the purpose of 

the study in the pen-in-mouth (6% aware) vs. facial mimicry (28% aware), z = 2.27, p = .02, and 

voluntary facial action technique conditions (36% aware), z = 2.74, p = .006. Participant 

awareness did not significantly differ between the facial mimicry and voluntary facial action 

technique conditions, z = 0.77, p = .44. 

Although pilot study 3 provides some evidence in favor of the facial feedback hypothesis, 

it is possible that these effects are driven by participants’ awareness of the purpose of the 

experiment (e.g., demand characteristics). To examine if participant awareness moderated facial 

feedback effects, we fit a linear mixed-effect model with (a) Pose, Facial Movement Task, Image 

Presence, and Awareness entered as categorical predictors, (b) two-way Pose by Facial 

Movement Task, Pose by Image Presence, Pose by Awareness, and Facial Movement Task by 

Image Presence interactions, and (c) a three-way Pose by Facial Movement Task by Image 
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Presence interaction. Similar to our earlier tests of the facial feedback hypothesis, results 

confirmed that participants reported more happiness after posing happy vs. neutral expressions, 

F(1, 112) = 14.41, p < .001, and when stimuli were present vs. absent, F(1, 112) = 6.10, p = .01. 

Results also provided evidence of a Pose by Facial Movement Task interaction, wherein the 

effect of Pose was significant in the mimicry, F(1, 112) = 19.65, p < .0001, voluntary facial 

action technique, F(1, 112) = 6.56, p = .01, but not pen-in-mouth condition, F(1, 112) = 0.52, p = 

.47). Results indicated that the effect of Pose was larger when participants were aware of the 

purpose of the study, F(1, 112) = 4.10, p = .045. Subsequent contrasts indicated that participants 

who were aware of the purpose of the study reported more happiness after posing happy vs. 

neutral expressions, F(1, 112) = 10.81, p = .001. However, this effect was not statistically 

significant among participants who were unaware of the purpose of the study, F(1, 112) = 3.18, p 

= .08. 

Quality of Posed Expressions 

Overall, participants reported following the instructions closely (overall M = 6.69, SD = 

0.69; facial mimicry M = 6.65, SD = 0.78; voluntary facial action technique M = 6.60, SD = 0.67; 

pen-in-mouth M = 6.85, SD = 0.56). To examine if task adherence varied across conditions, 

adherence ratings were modeled using a 3 (Facial Movement Task: facial mimicry, voluntary 

facial action technique, or pen-in-mouth task) x 2 (Stimuli Presence: present or absent) ANOVA. 

Results did not indicate that adherence ratings varied as a function of Facial Movement Task, 

F(2, 113) = 1.43, p = .24, or Stimuli Presence, F(1, 113) = 1.60, p = .21 Taken together, these 

results suggest that participants can successfully execute all facial feedback tasks well in an 

online format. 

Summary 

The primary purpose of pilot study 3 was to examine the feasibility of online data 

collection. Although participants had no financial incentive to exaggerate their performance, 

participants reported completing the facial feedback tasks accurately. Ideally the validity of these 

reports would be confirmed via remote video recording. However, overt video recording would 

raise concerns about whether video recording interferes with facial feedback effects49,50. In pilot 

studies 1 and 2, we addressed these concerns by covertly recording participants, but it is not 

possible to do so in an online format without introducing privacy concerns. Nevertheless, facial 
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feedback effects were observed in most—but not all—conditions, suggesting that many 

participants completed the facial feedback tasks sufficiently well. 

Although pilot study 3 was primarily designed to examine the feasibility of online data 

collection, the results provide preliminary but inconclusive evidence in favor of the facial 

feedback hypothesis. Results indicated that the facial mimicry and voluntary facial action 

technique—but not pen-in-mouth—tasks produced significant facial feedback effects. Results 

indicated that facial feedback modulated feelings of happiness, but provided only preliminary 

evidence that facial feedback can initiate feelings of happiness. Results provided mixed evidence 

regarding whether facial feedback effects can persist when participants are unaware of the 

purpose of the study. A marginally significant facial feedback effect was detected in participants 

judged to be unaware of the purpose of the experiment, but participants who completed the task 

that best masked the purpose of the experiment (the pen-in-mouth task) did not exhibit 

significant facial feedback effects. 

Reflections on the pen-in-mouth task 

Results indicated that the facial mimicry, voluntary facial action technique—but not pen-

in-mouth—tasks produced significant facial feedback effects. One interpretation of these results 

is that the pen-in-mouth task does not reliably produce facial feedback effects. If true, it may 

suggest that facial feedback effects are driven by demand characteristics42,43,92. Results from the 

three pilot studies, however, are generally inconsistent with this explanation. Participants who 

were unaware of the purpose of the study exhibited significant facial feedback effects in pilot 

studies 1 and 2. In pilot study 3, participants who were unaware of the purpose of the study did 

not exhibit significant facial feedback effects, but the effect was marginally significant despite a 

smaller sample size. Another interpretation of the results is that facial feedback effects cannot 

occur outside of awareness—the mechanism the pen-in-mouth task is designed to eliminate41. 

However, inconsistent with this explanation, results from pilot studies 1 and 2 did not indicate 

that individual differences in bodily awareness moderated facial feedback effects. Nevertheless, 

to assess this further, the main study will include the Body Awareness Questionnaire68. Another 

possibility is that the pen-in-mouth effect does not produce an expression that feels like a smile. 

To examine this possibility, participants at the end of the main study will be asked to rate the 

degree to which they feel like they are expressing happiness during the happy pose.  
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It is possible that the pen-in-mouth effect is valid, but that participants did not accurately 

complete the task in pilot study 3. Although participants in the pen-in-mouth condition reported 

the highest adherence to instructions, they may not have understood how to correctly complete 

the task. To address this concern, participants at the end of the main study will rate the degree to 

which their expression matches an image of an individual completing the happy pose task 

correctly. It is also possible that the pen-in-mouth effect is not reliable in the midst and/or 

aftermath of Coronavirus Disease 2019. Although speculative, placing a pen in one’s mouth may 

elicit anxiety that interferes with the facial feedback effect. Consistent with this possibility, 

participants reported slightly increased levels of nervousness in the pen-in-mouth vs. facial 

mimicry, t(113) = 2.21, p = .07, and voluntary facial action technique conditions, t(113) = 2.39, p 

= .048. In the main study, we will more comprehensively measure anxiety using the Discrete 

Emotions Questionnaire66. 
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Main Study 

Did increases an anxiety obfuscate a true pen-in-mouth effect? 

We ran two exploratory analyses to examine whether the heighted levels of anxiety in the 

pen-in-mouth task obfuscated a true facial feedback effect. First, we examined whether feelings 

of happiness were generally attenuated by anxiety. We re-ran our primary analysis model with 

(a) random slopes removed (due to convergence issues) and (b) anxiety added as a continuous 

predictor. Results did not indicate that anxiety decreased happiness, β = 0.01, t(2958.82) = 0.38, 

p = 0.71.  

Second, we examined whether facial movement tasks can impact happiness in the 

absence of anxiety. We re-ran our primary analysis model with (a) random slopes removed, and 

(b) excluding participants who reported that they experienced even mild levels of anxiety (n = 

1101). We found evidence of Pose effects in the facial mimicry, Mdiff = 0.53 or 8.83% scale 

range, F(1, 871.73) = 66.13, p < .001, and voluntary facial action tasks, Mdiff = 0.53 or .53% 

scale range, F(1, 866.97) = 57.91, p < .001. However, the evidence was once again less clear in 

the pen-in-mouth task, Mdiff = 0.10 or 1.67% scale range, F(1, 887.45) = 2.47, p = .12. Taken 

together, these exploratory analyses do not provide compelling evidence that increases in anxiety 

in the pen-in-mouth condition obfuscated a facial feedback effect. 

Cross-country comparisons of facial feedback effects 

 As an exploratory analysis, we examined cross-country differences in the effect of each 

facial feedback task. As discussed in the main text, we initially attempted to do so by modeling 

random slopes in the mixed-effects models used in our primary analyses. However, these models 

often yielded convergence issues. Consequently, we performed a random-effects meta-analysis 

on the primary analysis data with Cohen’s standardized difference (drm) as the effect size 

index93,94. Before describing the results, three notes of caution are warranted. First, our 

experiment was not powered to provide high-power tests of the effects of facial feedback in each 

country sampled. Thus, even if facial feedback effects are real, many country-specific effect size 

estimates could still be statistically non-significant. Second, although between-country 

variability in estimated facial feedback effects could have theoretically-interesting causes (e.g., 

true cross-cultural variability), they could also have theoretically-uninteresting causes (e.g., 

difference in the age of participants sampled across countries; differences in how well 
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participants completed the task across countries). Third, we did not engage in representative 

sampling, so it is unclear if findings generalize to the populations being examined. 

 Random-effects meta-analysis estimated that the overall effect of posed happy 

expressions medium on happiness was d = 0.16, 95% CI [0.17, 0.32], p < .001. This overall 

effect was significantly moderated by the facial movement task (z = 4.52, p < .001). As shown in 

Supplementary Figure 2, posed happy expressions had similar-sized effects on happiness in the 

facial mimicry (d = 0.24, 95% CI [0.17, 0.32], p < .001) and voluntary facial action conditions (d 

= 0.26, 95% CI [0.14, 0.38], p < .001)—but not the pen-in-mouth condition (d = 0.04, 95% CI [-

0.01, 0.08], p = .10).  

Estimated between-country variability in facial feedback effects was medium in size, but 

not always significant (facial mimicry Q(18) = 25.59, p = .11, τ = 0.09; voluntary facial action 

Q(18)  = 30.51, p = .03, τ = 0.15; pen-in-mouth Q(18)  = 25.51, p = .11, τ = 0.04). As shown in 

Supplementary Figure 2, the estimated effects of facial feedback in the facial mimicry and 

voluntary facial action tasks were similar in size across countries (and positive in almost all 

countries sampled). However, these effect size estimates were not statistically significant in all 

countries (e.g., Nigeria and Italy), possibly due to relatively small country-specific sample sizes.



 

   

 

Supplementary Fig. 2: Forest plot of the effect of posed facial expressions and exposure to positive images on happiness. 

Forest plot of the effects of (a) posed happy vs. neutral expressions (white panels) and (b) exposure to positive images (tan panel) on 

happiness, using Cohen’s drm as the effect size index. Grey boxes represent country-level effect size estimates, and grey boxes 

represents their 95% confidence interval. Blue diamonds/bars represent overall effect size estimates abd 95% confidence intervals. 

Countries are denoted by International Organization for Standardization codes. Three metrics of effect size heterogeneity are 

reported: Cochrane’s Q (Q) and its accompanying p-value, I2, and τ.. 



 

   

 

Distribution of difference scores 

 A simple approach to visualizing the effects observed in the main study is to plot the 

frequency distribution of the happiness difference scores. To do so, we calculated a happiness 

difference score for each participant by subtracting their neutral pose happiness ratings from 

their happy pose happiness ratings. Positive difference scores indicate that the participant 

reported higher levels of happiness when posing happy expressions. As shown in Supplemental 

Figure 3, 53% of participants in the facial mimicry and voluntary facial action conditions 

reported higher levels of happiness when posing a happy, as opposed to neutral, expression. 32% 

did so in the pen-in-mouth condition. 

Supplementary Fig. 3: Frequency distribution of happiness difference scores in the facial 

mimicry, voluntary facial action, and pen-in-mouth condition. 

Positive values indicate that the participant reported higher levels of happiness when posing 

happy vs. neutral expressions. The proportions of participants with positive or negative 

happiness difference scores are displayed in each panel.

 

 

  



 

   

 

Additional information on the Open Science Framework 

 We refer the interested reader to the project page on the Open Science Framework: 

https://osf.io/ac3t2/. On this page, readers can find: (1) all study materials, including translated 

surveys, images, task videos, and coding manuals, (2) all study data, except the video recordings 

from Pilot Studies 1 and 2 (we did not have permission to share these recordings, but do share 

the processed data), (3) a supplemental table showing country-specific demographic and 

inclusion criteria information, and (4) information about how the collaboration was structured 

and coordinated. 
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