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Abstract

The mechanisms that underpin human social behaviour are poorly understood, in part

because natural social behaviour is challenging to study. The task of linking the mecha-

nisms thought to drive social behaviour to specific social behaviours in a manner that main-

tains ecological validity poses an even greater challenge. Here we report evidence that the

subjective value people assign to genuine smiles, as measured in the laboratory, deter-

mines their responsiveness to genuine smiles encountered in a naturalistic social interac-

tion. Specifically, participants (university undergraduates; age 17 to 36) who valued genuine

smiles to a greater degree also showed stronger attention capture effects to neutral faces

that were previously associated with genuine smiles and faster reciprocity of a social part-

ner’s smiles in a real social interaction. Additionally, the faster participants responded to the

partner’s genuine smiles the higher the partner’s ratings of interaction quality were after the

interaction. These data suggest that individual differences in subjective value of genuine

smiles, measured in the lab, is one element that underpins responsiveness to natural genu-

ine smiles and subsequent social outcomes.

Introduction

Two chief priorities in social psychology are to identify the mechanisms that shape behaviour

in social interactions and to understand how these mechanisms relate to social outcomes [1–

3]. In support of this endeavour, researchers must explicitly ask how mechanistic insights

gained from social-cognitive laboratory tasks determine behaviour and shape outcomes in

face-to-face social interactions. Although the emotional [4–7], neural [8–10], and cognitive/

social cognitive [1, 11, 12] underpinnings of interpersonal behaviour have been extensively

studied, research that directly links these mechanisms to natural face-to-face social interaction

is rare [13–15]. Here we provide such evidence by showing that differences in the subjective

value that people attach to seeing genuine smiles in a laboratory task also shape responses to a

social partner’s genuine smiles, and subsequently, the partner’s ratings of the interaction. We

additionally propose a mechanism for this effect.

Genuine smiles of pleasure differ from polite smiles in both form and function. Genu-

ine smiles are typically considered to involve both the zygomaticus and orbicularis oculi

muscles whereas polite smiles engage only the former muscle group, and are characterized

by shorter onset durations and less head motion [16–18]. In contrast to polite smiles,
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which are important social tokens but not necessarily associated with affective experience

[19–21], genuine smiles evoke positive emotion and liking in receivers [22–27]. It is there-

fore unsurprising that in laboratory tasks, participants judge faces that display genuine

smiles as more likeable, attractive, happy, and trustworthy than those that display polite

smiles [28–31]. These smiles may also serve to modulate the meaning of experienced social

behaviours [32]. In accord, research suggests that genuine smiles constitute a form of

social reward that shapes receiver behaviour in similar ways to monetary rewards [29, 33],

and may be processed in overlapping neural substrates [34, 35]. In addition, research

shows that participants are willing to give up small amounts of money to see genuine

smiles, even if these genuine smiles only appear in photographs displayed on a computer

screen [23, 33].

Genuine smiles also play an important role in real interpersonal interactions. For example,

genuine smiles often accompany positive interaction elements, such as cooperation, positive

social regard, and favourable intentions [29, 30]. Interaction partners reliably reciprocate these

smiles and do so faster and more frequently than they do polite smiles [36]. Consequently, the

occurrence of a genuine smile in social interactions is anticipated by both social partners–

sometimes leading to near synchronous genuine smiles [22]. Because genuine smiles evoke

positive affect, and social partners reciprocate them so quickly, a social partner’s responsive-

ness to one’s own genuine smiles may be an important determinant of how positively an inter-

action is experienced [37].

Here, we test the idea that genuine smile utility, the degree to which people find genuine

smiles subjectively rewarding, predicts natural social behaviour. We make this link via a cogni-

tive mechanism: value-based attentional capture. Finally, we examine how genuine smile util-

ity relates to a downstream consequence of social behaviour, a social partner’s experience of

the interaction. To test this idea we measure the subjective value or utility [38, 39] of genuine

smiles using a decision-making game designed in our lab. We then ask how genuine smile util-

ity relates to behaviour in real-time naturalistic social interactions.

As a possible mechanism for this link, we draw on the value-based attention capture litera-

ture [40] to examine the idea that stimuli associated with social rewards, like those associated

with monetary rewards, capture visual attention. According to this idea, high-value stimuli are

more salient than low-value stimuli and therefore more likely to capture a receiver’s attention.

This is true regardless of whether the stimulus value is intrinsic or learned, as research shows

that stimuli previously associated with money capture attention, even if there is no current

monetary incentive associated with a task [41, 42]. This finding extends to neutral faces that

have previously been associated with a high monetary reward and to abstract stimuli that have

been associated with social rewards such as emojis [43–45]. On this basis, we anticipated that

the associated social value of a currently neutral face might determine the degree to which it

captured attention during visual search.

Finally, we asked whether individual differences in the utility of a genuine smile, and related

attentional effects, might determine how responsive people are to a social partner’s genuine

smiles. We predicted that participants with higher genuine smile utility would return a part-

ner’s genuine smiles more quickly than those who value genuine smiles less. Based on previous

results [22, 36], we subsequently expected that faster genuine smile reciprocity would posi-

tively influence the partner’s rating of the interaction. We did not expect that polite smiles,

which we consider important social tokens but not especially valuable ones [23], would show

the same effects. Together, we test the following set of hypotheses:

Hypothesis 1: Participants will, on average, experience smiles, particularly genuine smiles,

as valuable relative to neutral faces.
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Hypothesis 2: Participants will show longer response times for the correct detection of

novel target faces when there are high-value distractor faces present in the search array. In par-

ticular, the presence of genuine-smile-associated faces will slow reaction times.

Hypothesis 3: On average, participants will respond to more of a social partner’s genuine,

relative to polite smiles and will do so with a faster latency.

Hypothesis 4a: The utility of genuine smiles and the attention capture effect will correlate

with how quickly participants respond to a partner’s genuine smiles.

Hypothesis 4b: In turn, this will predict the partner’s rating of interaction quality.

Methods

Participants

To estimate our target sample size, we conducted a power analysis based on an anticipated cor-

relation between smile valuation and attention capture of .18 to .24 (based on data from a pilot

sample of 173 participants, using a slightly different protocol). Assuming α = .05 and power

(1-β) = .90, the target sample for a correlation in this range was 178 to 320 participants

(sample-size.net). In our data collection phase, we oversampled this number, because we antic-

ipated that we would need to eliminate participants due to data quality issues.

Three hundred sixty-one undergraduate students from a Psychology Research Participation

Pool completed the study in exchange for partial course credit and a small monetary bonus

based on performance in the smile valuation task. Participants received their bonus payment

in the form of an Amazon gift card at the end of the study. After exclusions (see below), a total

of 263 participants had useable data on all tasks in the protocol. Participants documented their

informed consent (see Procedures) before participating and all study procedures were

approved by Western University’s Non-Medical Research Ethics Board (protocol number:

114701). Data collection took place between 8 January 2021 and 4 April 2021. Data were col-

lected online due to Covid 19 restrictions and masking requirements that were in effect during

this period.

Data exclusions and sample characteristics. We excluded a total of 52 participants

(14.4%) based on pre-registered data quality checks. Of these, seven had>20% missing data;

nine made errors on> 20% of trials in the visual search task; three had> 20% of visual search

trials in which their response time was<250ms or >10 seconds; 10 responded in an invariant

manner (e.g., all left button presses) on>75% of test trials in the smile valuation task; 12

responded to>20% of smile-valuation test trials in <250ms or >10 seconds; and 11 had

response patterns that fell into more than one of the above categories.

After exclusions, we retained a final sample of 309 participants with useable data on both

the visual search and smile valuation tasks. One hundred ninety-six participants (63% of this

sample) identified as women, and the remainder identified as men. The average age of the

sample was 18.81 years (standard deviation = 1.54). Thirty-four percent of participants classi-

fied themselves as Asian, 34% White, 10% Middle Eastern, 8% Indian, 5% Black, and 7% other

or mixed ethnicities. One percent of participants chose not to report ethnicity. Based on these

sample characteristics, we anticipate that the present results are likely to generalize to well-edu-

cated Western populations.

Of these 309 participants, 36 did not complete the social interaction portion of the task due

to the failure of either the participant or their partner to log on to the video call at the correct

time. These participants were retained in analysis of the computer-based tasks but not in anal-

yses involving social data. Video data from five additional interactions (10 participants) were

unusable due to technical difficulties (recording problems, camera failure; 4 dyads) or one par-

ticipant being in a public space and wearing a medical mask throughout the interaction,
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thereby disrupting the analysis of facial behaviour. These participants completed the interaction

and were included in social interaction questionnaire analyses but excluded from analyses

involving video recording. We additionally excluded one final dyad from the dyad-level analy-

ses. Within this dyad, both dyad members completed the interaction and video recording and

the computer tasks, but one dyad member did not respond to the post-interaction questionnaire

(the outcome variable in the dyad-level analysis). This analysis therefore included 131 dyads.

Procedures

Participants signed up for an online study session using the undergraduate research pool inter-

face. They received a Zoom link when they registered for the study. At the scheduled study

start time, they logged onto the Zoom session where an experimenter greeted them, explained

the study procedure and answered any questions participants asked, and passed them a link to

the consent form, hosted on Qualtrics, where they downloaded the consent form and provided

their written informed consent, which was then verified by the experimenter. Once both par-

ticipants had consented and rejoined the Zoom session, the experimenter asked them to turn

on their cameras and microphones for the interaction. When both participants were ready, the

experimenter (who did not have a live camera) started the recording and instructed them to

talk about whatever they wished for the next five minutes, and then muted their own micro-

phone and allowed the interaction to proceed naturally for 5 minutes. After this time had

elapsed, the experimenter ended the recording and linked each participant to the interaction

rating questionnaire hosted on Qualtrics. Interaction quality was measured using a 9-item

scale that assessed the degree to which the conversation felt smooth and coordinated (e.g.,

“The interaction felt natural”, “The interaction had more awkward pauses than usual” [reverse

scored]; see [36]). Participants responded to items using a 7-point Likert scale (1 = Strongly

disagree; 7 = Strongly agree). Cronbach’s alpha analysis showed that the scale had excellent

reliability: α = .925 (95%CI: .911, .938). If a participant’s partner had not signed on to the

Zoom call in time to complete the interaction, they skipped the interaction-related question-

naire. Participants proceeded through the next phases of the study session independently. S1

Table in S1 Text contains detail on several important dyad-level variables (age, age difference

between dyad members, average interaction quality rating).

Following the post-interaction questionnaire, Qualtrics linked participants to the smile valua-

tion task, followed by the visual search task (both built in Psychopy [46] and hosted at pavlovia.

org; code available at https://osf.io/3m95e/?view_only=236f82c55d66454caebd4318ccf68340).

After participants completed both tasks, the browser re-directed them to Qualtrics for a final set

of questionnaires, including the Autism Spectrum Quotient [47], the Interpersonal Reactivity

Questionnaire [48], and the Behavioural Inhibition System/Behavioural Activation System Scales

[49]. These measures provided data for an unrelated student project and were not examined in

the context of the present report. After completing all study procedures, participants were

thanked, debriefed and dismissed from the study. They received a link to their Amazon gift card

bonus payment via email 24 to 72 hours later.

Smile valuation task. This game, in which participants interact with a set of computerized

“players” each represented by a different actor, was developed as a measure of smile utility [23,

26, 50]. The task has two phases, an initial “exposure” phase, in which participants learn the

monetary and social contingencies associated with a set of stimulus faces, and a “test” phase, in

which we examine the degree to which differences in the social and monetary values of each

stimulus influence participants’ preferences for the faces.

On each trial in the exposure phase, participants viewed one of six neutrally-posed photos

of faces in the center of the screen. They then made a left or right button press as they
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attempted to “choose the same” left/right stimulus that the target had chosen. The face then

responded based on its active social and monetary contingency (see Fig 1A). Three faces pro-

vided monetary rewards of $0.02CAD (2 cents) on 80% of trials (denoted as high-value faces)

and the remaining faces provided monetary rewards on 60% of trials (denoted as low-value

faces). On trials without monetary rewards, participants earned 0 cents. Thus, the high-value

faces had an expected monetary value of 1.6 cents per trial and the low value faces had an

expected value of 1.2 cents per trial. To indicate these rewards, two faces (one high-value and

one low-value) provided genuine smiles, two faces (one high-value and one low-value) pro-

vided polite smiles, and the remaining faces retained their neutral poses with a text overlay

that indicated the win (Fig 1B shows a schematic of the contingencies; additional information

about the stimuli may be found in supplementary methods of S1 Text). Participants were

instructed to learn which faces were “best”. They viewed each face 30 times in random order.

To ensure that face-value pairings did not systematically shape participants’ behaviour, the

faces were randomly assigned to social/monetary values at the start of the task. About half the

participants viewed male faces and half viewed female faces, randomly assigned.

Trials in the test phase began with a “player selection” screen (Fig 1C). Participants viewed

a pair of faces at the start of a trial and selected the “best” face from that pair to play on the

trial. The trial then continued as in the exposure phase, with the face that the participant had

selected to play. Participants viewed each of the 15 possible player pairings eight times in ran-

dom order. Each face within a pairing was displayed on the left and right side of the screen

equally often. Participants received their earnings, rounded up to the nearest 5 cents, in the

form of an Amazon gift card.

Choice behaviour in this test phase served as the dependent variable in the task and allowed

us to independently estimate how much participants based their decisions on the differences

in monetary value between players (i.e., a 20% difference in the chance of winning 2 cents

between low- versus high-value players), and on the differences in the players’ social values

(genuine smile, polite smile, and neutral with text feedback). We used a logistic regression

model (see Data Analysis) to estimate the degree to which these factors guided each partici-

pant’s choice preferences. The model coefficients for each participant served as our measure of

Fig 1. Social valuation task and results. a) In the exposure phase of the task, participants attempt to make the same left/right button press as the “player”. b)
They received simultaneous social and monetary feedback based on the contingencies associated with that player. c) On test phase trials, participants chose

participants chose the player with whom they wished to interact from amongst all 15 possible player pairings (right panel). This choice phase allowed us to

dissociate the contribution of monetary value from social value in participants’ choices. Note that participants viewed photographs of real actors, rather than

the cartoon faces shown here (due to copyright and privacy concerns). d) Regression weights show the degree to which monetary reward (grey), genuine smiles

(blue), and polite smiles (red) contributed to participants’ choice behaviour in the task. The dark grey-shaded central boxes show the inter-quartile range and

the whiskers show the 95th percentile of the distribution. The white dots show the medians. The orange line indicates 0 (against which each median was

compared).

https://doi.org/10.1371/journal.pone.0304726.g001
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the subjective value or utility of money, genuine smiles, and polite smiles in subsequent analy-

ses. The smile/money associated faces additionally served as distractors in the visual search

task.

Visual search task. On each trial of the task, participants viewed a fixation cross for .5 sec-

onds, followed by a photo of a novel, neutrally posed face. This face was the search “target” for

the trial. After viewing the face for one second a white dot appeared in the center of the screen,

superimposed on the face and about the same size as the fixation cross. Participants clicked the

dot to advance to the search array. Based on pilot testing, this procedure allowed us to mini-

mize variance both within and between participants by ensuring that the mouse cursor was

located in the approximate center of the display and that participants’ attention was approxi-

mately centrally focused at the start of each trial.

Immediately after the starting click, participants saw a set of four neutrally posed faces posi-

tioned in each screen quadrant (one target and three distractors). Participants used the mouse

to click on the target face as quickly as possible (Fig 2A). Across the full set of 252 trials, the tar-

get appeared in each screen quadrant with equal frequency to avoid response bias. The distrac-

tors included two novel faces and one distractor that participants had previously viewed in the

Smile Valuation Task (non-novel distractors). Each of the social/monetary value-associated

faces appeared as distractors in 36 trials. Importantly, even though these faces had been associ-

ated with social and monetary reward, there were no rewards provided in the context of this

task and all the faces in the search array were neutrally posed. In 36 additional trials, all three

distractors were novel and therefore not associated with any type of reward. On each trial, the

three distractors were randomly assigned to each of the screen quadrants that remained after

the target’s position was decided. Participants completed the set of trials in fully randomized

order, with rest breaks after 25%, 50% and 75% of trials. To incentivize attention in this online

task, the trial did not advance until participants selected the correct target. With each succes-

sive incorrect click, the delay before the cursor’s reappearance increased. Error trials were dis-

carded from analysis.

Data analysis. Anonymized raw data and analysis code for the project is available at:

https://osf.io/3m95e/?view_only=236f82c55d66454caebd4318ccf68340.

Smile valuation task. To estimate the utility or subjective desirability of social and mone-

tary rewards in the smile valuation task, we submitted each participant’s choice behaviour to a

logistic model that calculated the probability that they would select the left face (PLeft Face) in

the pairing, given the relative differences between the expected monetary and social values of

the two faces within the pair. We used a standard logistic model to fit the choice data:

PLeft Face ¼
exp ðyÞ

1þ exp ðyÞ
ðEq 1Þ

The parameter θ in the logistic model was estimated as:

y ¼ b0 þ b1X1 þ b2X2 þ b3X3 ðEq 2Þ

In this equation the βs are the estimated unstandardized regression weights for each term

in the model. β0 is the intercept; β1 estimates the degree to which monetary rewards influenced

choice behaviour; β2 estimates the degree to which genuine smiles influenced choice behav-

iour; and β3 estimates the influence of polite smiles on participants’ choices. The Xs in the

equation characterize the differences between the left and right faces. The difference in the left

and right faces’ expected monetary values (X1) received a score of .40 if the face on the left was

the high-value player, -.40 if the face on the right had higher monetary value and 0 if both faces

held the same expected value. For genuine smiles (X2), a trial received a score of 1 if the face on
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Fig 2. Visual search task and results. a) Participants viewed a novel search target for 1 second. A central dot then

appeared, overlayed on the target. Once participants clicked the dot, they saw a search array consisting of the target and

three distractors. Each reward-associated face from the smile-valuation task appeared as a distractor in 36 trials. For

comparison, there were 36 additional trials in which all distractors were novel. As above, participants viewed

photographs of real actors instead of cartoon faces. b) Mean-centered search times for trials in which the distractors were

all novel (green) or included a social (genuine, polite, neutral) and monetary-value (low: dark grey; high: light grey)

associated distractor. The solid orange lines show the medians and dashed black lines show the inter-quartile range.

https://doi.org/10.1371/journal.pone.0304726.g002
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the left smiled genuinely and the right face did not, -1 if the values were reversed and 0 if both

faces or neither face smiled genuinely. Polite smiles (X3) were coded in a similar manner.

The logistic model used an iteratively re-weighted least squares algorithm to calculate the

maximum likelihood estimate for each of the model terms. Because the purpose of the logistic

regression analysis was to estimate the utility or subjective desirability of money, genuine

smiles, and polite smiles for each participant, we estimated data on a participant-by-partici-

pant basis. To test whether each of these terms significantly influenced participants’ choices in

the task, we computed Wilcoxon Signed-Rank Tests on the hypothesis that the median utility

estimate was different from 0. We used this non-parametric analysis model because our data

were non-normally distributed. We subsequently related these coefficients with data from the

visual search task and the interaction.

Visual search task. To examine data from the visual search task, we first excluded error

trials and then calculated the average response speeds for trials that had included distractors of

each type (e.g., high-monetary value genuine smile; low-monetary value genuine smile; high-

monetary value polite smile, etc.). From each of these averages, we subtracted the participant’s

grand average response time (excluding error trials). These mean-centered data helped to

reduce noise in our data that was associated with individual differences in response speed, dif-

ferences between operating systems, processing speeds, screen sizes, etc. Positive values indi-

cated that participants’ search times were slowed (relative to the participant’s average) in the

presence of a particular distractor and negative values indicate faster-than-average response

times. These data were subsequently subjected to a repeated measures ANOVA to test for the

presence of monetary and social value-based attention capture. Finally, we computed a com-

posite score that captured the overall difference between genuine smile associated distractors

and non-smile associated familiar distractors by subtracting the average of the mean-centered

values for the high- and low-monetary value non-smiling distractors from the average of the

mean-centered values for the high- and low-monetary value genuine smiling distractors. This

composite score was correlated with both genuine smile utility and the interaction data.

Social interaction. To examine the social interaction data, we began by pre-processing

the interaction videos in Adobe Premier Pro (www.adobe.com/ca/products/premiere.html) to

enhance image quality/brightness and enlarge participant’s faces where necessary. Participants’

videos were individually entered into Noldus FaceReader 8.0 software (www.noldus.com),

which automatically codes facial behaviour, to estimate the degree to which smile-associated

action units were present on each frame of video in the session. At a rate of 15 frames per sec-

ond, FaceReader estimates the strength of each action unit, with higher numbers being associ-

ated with stronger (more visible) expressions. Using the software, we created “custom”

expressions as follows. FaceReader coded a smile as genuine if both the lip-corner puller, zygo-

maticus major (Action Unit [AU]12), and the cheek-raiser, orbicularis oculi pars orbitalis

(AU06), were active within a given frame. If zygomaticus major was active but there was no

activation of orbicularis oculi, the smile was coded as polite (see [17, 51]. See S1 Text for addi-

tional detail.

To link interaction partners’ smiling behaviour, we used a purpose-written Python script

that aligned the partners’ data based on frame index and identified the first frame and smile

type of each partner’s smiles. The script then examined each smiling episode to determine

whether the partner reciprocated the smile with a smile of the same type within 4 seconds of

the first frame of the initiating smile. If a smile was reciprocated, the script subtracted the first

frame index of the initiating smile from the first frame index of the reciprocated smile. That

value served as the lag or response speed (in frames) between the two smiles. For example, if

partner 1 smiled genuinely at frame 30 and partner 2 smiled genuinely at frame 42, the reci-

procity speed was coded as 12 frames. Finally, we calculated the proportion of their partner’s
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genuine and polite smiles each participant had reciprocated as well as their average reciprocity

speed in frames for each smile type. Relative differences in the proportion of smiles of each

type participants reciprocated and the speed with which they did so were compared with

paired-samples t-tests.

To examine how participants’ behaviour affected their partner’s experience of the interac-

tion, we implemented an actor-partner interdependence model (APIM: [52–54]) analysis for

“indistinguishable dyads” to the interaction data. Indistinguishable dyads are those in which

participants do not have an a priori assigned role such as husband-wife or parent-child [53].

This model allows us to simultaneously examine the direct effects of genuine smile reciprocity

speed, on a participant’s own outcome variable (i.e., their own interaction quality rating;

“actor effect”) and the indirect effects on the social partner’s interaction quality rating (“part-

ner effect”). We conducted the APIM analyses using a structural equation modeling approach

implemented in JASP 0.17.3 (jasp-stats.org). In the model, reciprocity speed for genuine smiles

in the interaction served as the predictor variable. This was regressed on participants’ own

interaction quality rating (direct effect) and the partner’s interaction quality rating (indirect

effect). The model was implemented with full information maximum likelihood estimation

and 1000 bootstrap resampling procedures to generate bias-corrected confidence intervals.

Results

Smile valuation task

Fig 1D shows that both monetary and social rewards (i.e., smiles) shaped participants’ choices

to a significant degree. Specifically, the median utility estimates for all reward types were sig-

nificantly greater than 0 (Wilcoxon Signed-Rank Tests: Money V308 = 40208, p < .001,

matched pairs rank biserial correlation coefficient (rrbs) = .679 [95%CI: .604,.742]; Genuine

Smiles V308 = 41021, p< .001, rrbs = .713 [95%CI: .644, .771]; Polite Smiles V308 = 34867, p<

.001, rrbs = .456 [95%CI: .348, .552]). Thus, participants generally preferred players that were

higher in monetary value. In addition, as predicted (Hypothesis 1: Genuine smiles more valu-

able that neutral faces), they preferred faces that smiled, to those that remained neutral, as pre-

vious research has found [26, 50]. Interestingly, the average utility estimate for genuine smiles

(1.042, SD = 1.565) was higher than that for money (.665, SD = 1.095) meaning that on aver-

age, participants showed a preference for low-value faces that smiled genuinely over high-

value faces that remained neutrally posed, Wilcoxon Signed-Rank Test V308 = 15976, p =

.0019, rrbs = -.211 [95%CI: -.335, -.079]). S2 Table in S1 Text contains descriptive statistics for

all analyzed variables in this project.

Although significant in the population, there were also clear individual differences in the

subjective value different participants assigned to different smiles. Importantly, a split-half reli-

ability analysis (see S1 Text) showed that all three individual subjective utility estimates had

good reliability (Money = .789; Genuine smiles = .745; Polite smiles = .736). Additionally, gen-

uine smile utility was uncorrelated with the utility of money across participants (r309 = .024; p

= .675; [95%CI: -.146, .208]), suggesting that these two measures assess unique aspects of par-

ticipants’ decision-making. These results replicate previous research (e.g., Shore & Heerey,

2011) but also highlight the extent of individual variability in this effect.

Visual search task. As with previous research [43], participants were slower to detect a

novel target when a face associated with a high monetary reward was present in the search dis-

play, F(1,308) = 50.816, p< .001, ω2 = .121. This effect was even more pronounced when the face

was associated with genuine or polite smiles, F(2,616) = 213.287, p< .001, ω2 = .396 (Fig 2B). As

predicted (Hypothesis 2: Genuine-smile associated distractors slow target detection speeds),

post-hoc analyses showed that participants responded to trials with genuine-smile associated
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distractors more slowly than to those involving polite smiles (mean difference = -.037 [95%CI:

-.052, -.022], t = -5.895, Bonferroni-corrected p< .001) or neutral faces (mean difference =

-.125 [95%CI: -.140, -.110], t = -20.090, Bonferroni-corrected p< .001). Similarly, they

responded to previously polite-smiling faces more slowly than to previously neutral faces

(mean difference = -.089 [95%CI: -.104, -.074], t = -14.195, Bonferroni-corrected p< .001).

Interestingly, there was a significant monetary value x social value interaction, F(2,616) = 19.554,

p< .001, ω2 = .052, such that monetary value only modulated search speeds for non-smile-

associated familiar faces. Specifically, participants were slower to detect novel targets in the

presence of the high-value neutral faces relative to the low-value neutral faces (mean difference

= -.060 [95%CI: -.080, -.041], t = -9.215, Bonferroni-corrected p< .001) but showed no differ-

ence between the high- and low-value faces in either the genuine or polite smile conditions

(mean differences< -.015, Bonferroni-corrected p-values >.344).

This novel finding suggests that positive social signals add enough subjective value to a

stimulus that they obscure relatively small differences in expected monetary values. Impor-

tantly, all the faces in the visual search display were neutrally posed during the task, so the visi-

ble presence of a smile was not a confounding factor in these results. Together, these data

suggest that smiles carry intrinsic value that can become associated with the faces that display

them.

To assess response consistency in the task, we conducted a split-half reliability analysis as

above, which showed that the individual genuine smile capture effect had acceptable reliability

(split-half correlation = .699), as did attention capture by polite smiles (split-half correlation =

.674) and money (split-half correlation = .765). The attention capture effect for genuine smile-

associated faces correlated with the utility of genuine smiles (Spearman’s ρ309 = .466; p< .001;

95%CI: [.372,.557]), although the attention capture effect for high monetary-value faces did

not (Spearman’s ρ309 = -.040; p = .770; %CI: [-.165,.069]).

Social interaction task. To link these results with face-to-face social behaviour, we asked

whether the findings from these controlled and artificial laboratory tasks predicted behaviour

in real, unscripted social interactions. On average, and consistent with previous research, par-

ticipants responded to a partner’s genuine smiles more frequently than to polite smiles (Fig 3A,

Proportion Reciprocated: .723, SD = .149 vs. .568, SD = .198, t262 = 10.680; p< .001; Cohen’s d

= .659 (95%CI: .525, .791)). More importantly, and consistent with Hypothesis 3 (Faster

responses to partner genuine smiles), the reaction to genuine smiles (939ms, SD = 358ms) was

also significantly faster than that to polite smiles (1413ms, SD = 297ms), (t262 = -16.109; p<

.001; Cohen’s d = -.993 (95%CI: -1.140, -.845; Fig 3B). These results replicate prior findings

[22]. We now extend these results to natural social behaviour in the same participants, by link-

ing them with social behaviour.

To test the degree to which constructs measured under controlled laboratory conditions

could predict real face-to-face social behaviour, we next asked whether individual differences

in genuine smile utility and attention capture correlated with the speed with which partici-

pants reciprocated a partner’s genuine smiles (Hypothesis 4a: Genuine smile utility relates to

response speeds for partner genuine smiles). Genuine smile utility significantly correlated with

genuine smile reciprocity speed, r263 = -.274; p< .001; 95%CI: -.382, -.158 (Fig 4A), as did the

genuine smile attention capture effect, Spearman’s ρ263 = -.178; p = .004; 95%CI: -.293, -.058.

Importantly, this effect was specific to genuine smiles, as neither variable correlated with reci-

procity speed for polite smiles, nor did the utility of polite smiles correlate with reciprocity

speed with polite smiles (p-values > .654). These data suggest the that the value that partici-

pants assign to photos of genuine smiles in the laboratory relates to the speed with which they

respond to a real partner’s genuine smiles in a naturalistic interaction. This result therefore
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provides a novel link between participants’ responses to highly controlled lab tasks and their

real social behaviour.

Finally, we sought to establish whether these individual differences in social behaviour had

an influence on the interpersonal dyad-level outcomes (Hypothesis 4b: Genuine smile reci-

procity speed predicts partner-rated interaction quality). If a participant’s genuine smile

responsivity is an important predictor of interaction outcomes, one would expect to see that a

participant’s responsiveness to their partner’s genuine smiles during the interaction should

predict that partner’s interaction quality rating afterwards. In addition, we anticipate that this

effect should be specific to the indirect or “partner” pathway, meaning that a participant’s gen-

uine smile reciprocity speed should not directly relate to a participant’s own interaction quality

rating. An actor-partner interdependence model (APIM) analysis showed good model fit for

the observed data (χ2
6 = 1.696, p = .945; RMSEA = .000 [90%CI: .00,.016], p = .997; Compara-

tive Fit Index = 1.000; Tucker-Lewis Index = 1.351; SRMR = .030). More importantly, the

model showed evidence of an indirect (partner) effect of a participant’s genuine smile reci-

procity speed on their partner’s rating of interaction quality (Table 1; Fig 4B). In contrast, the

direct (actor) pathway was not statistically significant. To demonstrate that this effect is spe-

cific to reciprocity speeds (a measure of responsiveness to a social partner’s cues) we addition-

ally examined two alternate APIMs. First, we examined an alternate model in which the

proportion of genuine smiles returned served as the predictor. Second, we tested a model in

which the reciprocity speed for polite smiles served as the predictor. Neither model showed

significant direct or indirect pathways (p-values >.237). These results suggest that a partici-

pant’s own genuine smile reciprocity speed affects their partner’s experience of the interaction,

and that this effect is specific to genuine smile reciprocity speed.

Fig 3. Smile reciprocity in real-time Interaction. a) Proportion of partner’s genuine and polite smiles reciprocated

and b) reciprocity speed for genuine and polite smiles in seconds (measured from the first frame of the initiating smile

to the first frame of the return smile). The grey-shaded central boxes show the inter-quartile range and the whiskers

show the 95th percentile of the distribution. The white dots show the medians.

https://doi.org/10.1371/journal.pone.0304726.g003
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Discussion

An important challenge in understanding how people navigate the social world is to link the

social-cognitive mechanisms thought to underlie social behaviour to behavioural data from

unscripted face-to-face interactions [55, 56]. Here, we show clear evidence that the value

assigned by participants to photos of genuine smiles in laboratory tasks correlated with their

responses to a social partner’s genuine smiles in real-time social interaction. Moreover, partici-

pants’ genuine smile responsivity during the interaction predicted their partners’ ratings of

interaction quality such that participants who returned their partner’s genuine smiles more

quickly had interactions rated as higher in quality than those participants who responded

more slowly. These data suggest that individual differences in sensitivity to social rewards

Fig 4. Correlational and APIM results. a) Genuine smile reciprocity speed correlates with genuine smile utility and attention capture (solid lines show the

regression line and dashed lines the 95%CI). b) APIM, estimated for indistinguishable dyads. Standardized path coefficients are reported (standard errors in

parentheses). Bolded lines indicate indirect effects. Lines with single arrows indicate predictive paths and double arrows indicate correlation. **p< .01 (see

Table 1).

https://doi.org/10.1371/journal.pone.0304726.g004

Table 1. APIM parameter estimates.

Effect Estimate z-value 95%CI p-value

Actor -.079 -1.359 -.174, .025 .1742

Partner -.199 -3.434 -.347, -.062 .0006

https://doi.org/10.1371/journal.pone.0304726.t001
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relates to individual differences in real, unmanipulated, social behaviour. Specifically, the

more participants value these rewards, the more quickly they attend and respond to them in

naturalistic interaction. From a social partner’s perspective, this leads to feelings of greater

communication ease, an important interaction outcome. Taken together, these highly novel

findings suggest responsivity to social reward is one mechanism that guides people’s real-

world social behaviour and subsequently shapes their social partners’ experiences.

This finding adds to a growing body of evidence suggesting that some social cues, in this

case genuine smiles, carry intrinsic value that shapes behaviour in a similar way to stimuli with

acquired reward value (e.g., money, brand logos, attractive faces [57–59]) and even some sti-

muli that have reinforcement value at a more basic level (e.g., food items, social touch [60,

61]). Indeed, genuine smiles appear to play a significant role in early social interaction

amongst mother-infant dyads, are readily interpreted as markers of positive affect in younger

children, and even serve as an explicit form of social approbation by caregivers toward chil-

dren [31, 62]. These findings suggest that genuine smiles may acquire social value early in life

as they become associated with positive social outcomes. Such developmental processes might

explain the range of individual differences in how the present participants valued and used

smiles. Nonetheless, it remains unknown exactly how that value is acquired and how it might

fluctuate depending on immediate social experience, mood, or social context.

A second element of these findings is that faces associated with genuine smiles captured

attention, even in the physical absence of those smiles. That is, all the faces in the visual search

task were neutrally posed and participants received neither financial nor social rewards in that

task. Interestingly, this finding suggests that specific faces may acquire value based on their

social displays and that these acquired social rewards might add to the monetary ones they

accompany to form a single, unified perception of overall value. Specifically, although we repli-

cated previous research showing that neutral faces associated with higher monetary rewards

captured attention to a greater degree than those associated with less money [43], that was

only true when the distractor faces lacked social value. Instead, genuine smile associated faces

with higher expected monetary value did not differ in their propensity to capture attention

from genuine smile associated faces with lower expected value. The same was true of politely

smiling faces. This implies that when people experience social and non-social rewards simulta-

neously, social rewards can augment the perceived value of stimuli with lower-value monetary

rewards (see also [34, 35, 50]).

Finally, we demonstrated that people’s responses to genuine smiles depicted in still photo-

graphs on the computer, correlated with their real social responses to genuine smiles during

an unscripted interaction with a stranger. This finding is important and novel because it pro-

vides direct evidence of a relationship between a proposed mechanism underlying individual

differences in social behaviour and naturalistic social behaviour itself. Linking putative mecha-

nisms for specific social behaviours, as measured in the laboratory, to those same behaviours

as observed in real social exchange is a difficult task. The highly variable nature of real conver-

sation makes it difficult to capture specific behavioural exchanges with enough frequency to

make statistical comparisons to social cognitive mechanisms. As a result, much of the work in

this area has examined highly constrained social contexts with repeated interaction elements,

such as economic exchanges, social games, interactions with avatars, and scripted exchanges

(e.g., [63–65]). However, our previous work suggested that the exchange of genuine and polite

smiles during interaction would offer an amenable, and more importantly, a naturally occur-

ring target for investigation [22, 23, 36].

The present results lead us to believe that with a more complete catalogue of naturally

occurring social behaviours and how people exchange them, this type of work shows promise

in terms of allowing researchers to link other social cognitive correlates to behaviour measured
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in naturalistic interactions. In particular, it may offer opportunities for understanding how

other factors, especially those that affect reward representation (e.g., depression, schizophre-

nia) might affect social behaviour. Finally, it offers opportunities to improve interactions

between people and artificially intelligent agents (e.g., robots, avatars, chatbots). For example,

interactions between people and robots might be enhanced if artificial agents produced a more

naturalistic pattern of behavioural exchange [66, 67].

Regardless of these strengths, this work is not without limitation. One important limitation

is that pandemic restrictions forced us to migrate this project from the lab to an online setting.

This has implications for the naturalistic social interaction task, as work has suggested that

interactions held on video-conferencing platforms may differ relative to interactions con-

ducted face-to-face [68]. However, our data clearly showed that participants fully engaged with

the dyadic interaction. Moreover, participants’ natural smiling behaviour in this paradigm was

similar to face-to-face smiling behaviour reported elsewhere in the literature [22]. A second

limitation was that completing the tasks online may have reduced the data quality. For exam-

ple, we excluded a larger number of participants during our initial quality checks than we

would likely have done in an in-person setting [69]. However, the participants we retained for

analysis generally appeared to have completed the tasks conscientiously. Thus, we think it

unlikely that these differences affected results in a systematic way. Finally, we used Noldus

FaceReader (www.noldus.com) to obtain frame-by-frame estimates of social behaviour in

terms of Facial Action Coding Unit (FACS) “action units” [70]. Although FaceReader reduces

coding times dramatically, it is slightly less accurate than a well-trained human FACS coder

and outputs behaviour codes at only 15 frames-per-second, so each frame summarizes data

over 66.7ms [71, 72].

Taken together, our work highlights an important relationship between social cognitive

tasks, naturalistic social behaviour, and social outcomes. Specifically, the degree to which par-

ticipants subjectively valued genuine smiles and the degree to which smile-associated faces

captured visual attention correlated with the speed with which they responded to their part-

ner’s smiles in a real-time interaction. Importantly, participants’ responsivity to genuine smiles

related to how their partner perceived the quality of the interaction, an important social out-

come. These data suggest that behavioural responses to a social partner during interaction are

partly driven by the degree to which people find specific social cues rewarding and that this

serves as a mechanism for helping participants to attend to, interpret, and respond to others’

social cues, thereby influencing interaction outcomes.
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