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Abstract
Physical attractiveness plays a central role in psychosocial experiences.  One of the top research priorities has been to identify factors affecting perceptions of physical attractiveness (PPA). Recent work suggests PPA derives from different sources (e.g., target, perceiver, stimulus type). Although smiles in particular are believed to enhance PPA, support has been surprisingly limited.  This study comprehensively examines the effect of smiles on PPA and, more broadly, evaluates the roles of target, perceiver, and stimulus type in PPA variation.  Perceivers (n = 181) rated both static images and 5-sec videos of targets displaying smiling and neutral-expressions.  Smiling images were rated as more attractive than neutral-expression images (regardless of stimulus motion format).  Interestingly, perceptions of physical attractiveness were based more on the perceiver than on either the target or format in which the target was presented.  Results clarify the effect of smiles, and highlight the significant role of the perceiver, in PPA.
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Decades of research have established the importance of physical attractiveness in social functioning (Agocha & Cooper, 1999; Berscheid, 1980; Little et al., 2011; Thornton & Moore, 1993).  It therefore is important to understand precisely which factors influence perceptions of physical attractiveness (PPA).  While most attractiveness research has focused on stable characteristics of the target (the person being perceived), such as facial symmetry, there also may be temporary and contextual qualities that influence PPA (Zebrowitz & Montepare, 2008).  One of the most intuitive potential moderators of PPA is smiling.  Despite conventional wisdom highlighting the attractiveness of a smile, to date empirical scrutiny has been sparse.  Studies that have been conducted often use suboptimal methodological approaches linked to stimuli selection and analytical strategy.  The present study expands on prior work by using stimuli displaying naturally occurring smiles defined by a standardized coding system (Ekman & Friesen, 1978), presented in both static and dynamic formats.  Using a fully crossed design (expression motion), we assess the effect of smiling on PPA while accounting for motion of stimuli, participant sexual orientation, and target and perceiver gender.  We also leverage generalizability theory (Brennan, 2001) to evaluate the relative contribution of stimulus type in PPA variance.  Results of these analyses have the potential to inform methodological approaches and theoretical considerations in physical attractiveness research. 
Smiles and Perceptions of Physical Attractiveness
Smiles are typically interpreted as conveying positive states and traits (e.g., sociability, generosity, positive mood) (Mehu et al., 2007; Miles & Johnston, 2007) that have been linked to enhanced PPA (Mathes & Kahn, 1975; Meier et al., 2010) – an observation not lost on advertising executives, orthodontists, and politicians, among others.  Beyond conventional wisdom, multiple theoretical perspectives suggest the potential for smiling to enhance PPA.
From an evolutionary standpoint, qualities that indicate health and fitness are expected to contribute to increased PPA (Thornhill & Gangestad, 1999), and smiling faces are perceived to be healthier than neutral faces (Jones et al., 2018).  Relatedly, the ecological approach to person perception claims that “perceiving is for doing,” emphasizing that social perception is a functional process that facilitates attainment of affordances (i.e., qualities or abilities of the target that will benefit the perceiver, such as good genes for mating) (Zebrowitz, 2011). Thus, the degree to which faces convey desirable affordances should influence PPA.  Smiling faces convey not only affordances of good health, but also affiliation tendencies (Hess et al., 2000), which are desirable for most perceivers (Baumeister & Leary, 1995).  Feelings-as-information theory posits that feelings are a source of information that contribute to various judgments (Schwarz, 2012) and research demonstrates the capacity for mood states to alter facial preferences (Pettijohn & Tesser, 2005).  Importantly, targets’ facial expressions can influence perceivers’ moods, such that a smiling face may evoke feelings of happiness in the perceiver (Wild et al., 2001).  This research reveals that facial expressions of targets can alter mood states in perceivers and thereby differentially influence PPA.  Because positive mood states typically induce positive social judgments (Bower, 1991), a smiling target would likely be perceived as more attractive. 
Unfortunately, in contrast to the dynamic, expressive nature of real-world PPA experiences (e.g., catching a smile from someone across the bar), the vast majority of PPA studies have relied on static images of targets with neutral facial expressions (Penton-Voak, 2011), which has limited examination of the smiling-PPA relationship.  Surprisingly, results of the relatively few studies that have contrasted neutral and smiling images have been inconsistent.
Some studies have found a positive effect of smiling on PPA (Bohrn et al., 2010; Garrido et al., 2017; Garrido & Prada, 2017; Golle et al., 2014; Mehu et al., 2007; Otta et al., 1996; Reis et al., 1990).  Yet other studies either have failed to detect a significant effect (Morrison et al., 2013; Mueser et al., 1984; Rhodes et al., 2011) or have only observed an effect under certain conditions.  For instance, Penton-Voak & Chang (2008) detected a positive effect of smiling on PPA for ratings of female, but not male, targets. Okubo et al. (2015) observed a positive effect in women rating male targets in terms of long-term, but not short-term, relationships.  Lee (2014) found the impact of smiling on PPA depended on the presence or absence of acne in the raters and targets.  Indeed, the magnitude of the observed positive effect among extant studies has varied widely, with available effect sizes ranging from small (e.g., Morrison et al., 2013; Mueser et al., 1984; Okubo et al., 2015) to large (Garrido & Prada, 2017).  Moreover, one study even reported a negative effect of smiling on PPA for male targets (no effect was found for female targets) (Rennels & Kayl, 2015).  Given the assumption of both professionals and laypersons that smiling enhances PPA, these mixed findings have raised concern and led some investigators to question methods typically used to evaluate the effect of smiling on PPA (Penton-Voak, 2011). 
Methodological considerations.  While a comprehensive discussion of factors that moderate prior effects of smiling on PPA is beyond the scope of this paper, the present focus is on key methodological considerations that have often been overlooked in the study of smiling and PPA.  We believe integration of these considerations will advance this area of research, and may help to explain some of the inconsistencies in past work. 
One key methodological aspect of past PPA studies concerns the nature of the target images.  To our knowledge, all prior studies testing the smiling-PPA relation have presented targets displaying posed expressions.  Because targets are perceived more positively when depicting spontaneous as opposed to posed smiles (Miles & Johnston, 2007) and perceivers can often differentiate posed from spontaneous smiles (Krumhuber & Manstead, 2009), prior research may have inadvertently compromised the effects of smiling on PPA.  The present study sought to remedy this concern by assessing the smiling-PPA relation using images of targets evincing naturally occurring, unscripted, smiles (see Hughes & Aung, 2018).  Moreover, in contrast to less objective approaches typically used in prior studies, the present study selected stimuli using the Facial Action Coding System (Ekman et al., 2002), which allowed the distinguishing facial expressions of our stimuli to be carefully controlled and standardized.
In addition to relying on posed smiles, researchers assessing smiling and PPA have not always distinguished whether the perceiver is sexually attracted to the gender of the target (e.g., Bohrn et al., 2010; Garrido et al., 2017; Morrison et al., 2013; Penton-Voak & Chang, 2008; Rennels & Kayl, 2015).  This distinction is important, as there are non-overlapping behavioral affordances (i.e., benefits offered by the target, such as potential for romantic love) in these different perception processes that may alter PPA (Zebrowitz & Montepare, 2008).  While some researchers have attempted to examine this distinction (e.g., Mueser et al., 1984; Okubo et al., 2015; Rhodes et al., 2011), they have done so merely by comparing “opposite-sex” (target and perceiver sex differ) and “same-sex” (target and perceiver sex match) ratings, as PPA studies to date have largely limited participant recruitment to heterosexual (or presumed heterosexual) individuals.  Studies failing to assess sexual orientation undermine power by introducing within-condition variability, while those recruiting only heterosexual participants limit generalizability. 
In an effort to promote more inclusive language (Sell, 2007), we use the term “orientation-matched” to refer to ratings that are of individuals of the gender to which the perceiver is sexually-oriented.  As the field moves to incorporate greater diversity of participant sexual orientation, this language will ensure researchers have an accurate and concise way of labeling these seemingly distinct perception experiences (e.g., orientation-matched ratings are likely more relevant to risky sexual behavior than “orientation-mismatched” ratings – i.e., ratings of individuals who are not of the gender to which the perceiver is sexually oriented).  Allowing for diversity of participant sexual orientation, the present study tested whether orientation-match moderated the effect of facial expression (smiling vs. neutral expression) on PPA. 
Past research also has tended to rely on static images.  Person perception researchers, however, have stressed that dynamic stimuli better convey target information than do static images, and have called for utilization of the former in order to examine richer perception experiences that more closely mirror those in naturalistic settings (Rubenstein, 2005; Zebrowitz & Montepare, 2008).  Particularly relevant to assessing the effect of smiling on PPA is that static, compared to dynamic, stimuli reduce the perceived intensity of emotional expression (Biele & Grabowska, 2006)[footnoteRef:1], thereby decreasing the capacity for a smile to influence PPA.  Moreover, dynamic, expressive images display more affordances and induce higher emotional arousal among perceivers than do static, expressive images (Wieser & Brosch, 2012; Zebrowitz, 2011).  Thus, both the ecological perspective and feelings-as-information theory suggest an effect of smiling on PPA would be better evoked by dynamic stimuli. [1:  We refer here to subjective perceived intensity, not intensity based on a standardized coding scheme (e.g., FACS).] 

While most studies testing the effect of smiling on PPA have been limited by their reliance on static images (see Penton-Voak & Chang, 2008), a few have incorporated motion into their stimuli. Rhodes and colleagues (2011) found no effect of motion or smiling on PPA.  Garrido and colleagues (2017) did observe enhanced PPA among dynamic (as compared to static) images, though not when comparisons were restricted to neutral or smiling conditions, respectively. Researchers have noted a positive effect of motion on PPA for ratings of female, but not male, targets (Rennels & Kayl, 2015), while others detected a positive effect for male, but not female, targets (Penton-Voak & Chang, 2008).  Taken together, results from these studies have been inconsistent with regard to the effect of both motion and, as noted above, smiling.
Among these studies, however, some utilized only closed-mouth smiles (Garrido et al., 2017; Golle et al., 2014; Rennels & Kayl, 2015), despite past research demonstrating that open-mouth smiles increase perceived smile authenticity (Korb et al., 2014; Krumhuber et al., 2009).  Additionally, none had participants systematically rate each target in each stimulus condition (i.e., static-neutral, static-smiling, dynamic-neutral, dynamic-smiling), which limits the potential to detect a full range of PPA effects.  Because the effect of target identity (i.e., the compilation of stable face traits) likely influences PPA much more than that of smiling or motion, these latter effects are likely to be lost when a participant lacks the opportunity to view each target in each expression condition (see Okubo et al., 2015).  Moreover, permitting participants to view each target only once – as has been the practice of most smiling-PPA researchers to date (Mehu et al., 2007; Morrison et al., 2013; Mueser et al., 1984; Otta et al., 1996; Penton-Voak & Chang, 2008; Reis et al., 1990; Rennels & Kayl, 2015; Rhodes et al., 2011) – precludes evaluation of idiosyncratic attractiveness preferences (i.e., variance in PPA that derives from an interaction between target and perceiver effects).  Utilizing open-mouth smiling images, participants in the present study rated all targets in all stimulus formats to test whether stimulus motion (static vs. dynamic) moderated the smiling-PPA relation.
Assessing sources of variance in PPA.  Research that has contrasted smiling and neutral expressions has primarily relied on relatively simple statistical effects, such as Cronbach’s alpha, correlations, and mixed-effects ANOVAs (e.g., Garrido et al., 2017; Garrido & Prada, 2017; Mueser et al., 1984; Penton-Voak & Chang, 2008; Reis et al., 1990; Rhodes et al., 2011), which have limitations.  For example, Cronbach’s alpha and correlations fail to account for the nested structure of data, confounding target main effects (the tendency of one target to consistently elicit higher ratings than another) and perceiver main effects (the trait-like tendency of one perceiver to give higher ratings on average than another).  Such approaches have led researchers to largely neglect inter-individual differences in attractiveness preferences, which has restricted the scope of our understanding of sources of variance in PPA.
Importantly, there is emerging support for the role of the perceiver in PPA. In a series of three experiments on PPA with heterogeneous sets of targets and perceivers, Hönekopp (2006)  revealed that “private taste” (the perceiver target interaction effect, with or without the addition of the perceiver effect)[footnoteRef:2] consistently contributed to substantial variance in PPA.  Though related research has been limited, studies that have parsed perceiver and target effects on PPA have similarly revealed substantial contributions of private taste compared to shared taste (the target main effect), with the ratio ranging from about 1:2 to 2:1 (Bronstad & Russell, 2007; Germine et al., 2015; Hehman et al., 2017; Kramer et al., 2018; Leder et al., 2016).  These findings indicate that it is crucial to consider perceiver  target effects when attempting to explain PPA variance. [2:  See Hönekopp (2006) for discussion of different approaches to conceptualizing the perceiver main effect with respect to private taste.] 

Thus, while findings derived from traditional analytic approaches in smiling-PPA studies provide preliminary evidence for variability across expression type, alternative statistical techniques can more precisely quantify the contribution of target presentation format (i.e., stimulus type) relative to other factors (e.g., target and perceiver effects) in explaining PPA variability.  Contemporary methods that can detect influences due to stimulus type (e.g., smiling vs. neutral expression), holding constant the effects of perceiver and target, come in a variety of forms, broadly termed multilevel models.  These models disambiguate variance due to perceiver effects (how much variance in the outcome is due to differences in perceiver scores across all targets and stimulus types), target effects (how much variance in the outcome is due to differences in targets scores across all perceivers and stimulus types; interrater agreement), and the interaction of perceiver and target effects (idiosyncratic differences in the attractiveness preferences between perceivers across different stimulus types), and allow for detection of the unique effect of smiles.  Although these models can detect such effects, they do not reveal the relative amount of variance in the outcome variable due to main effects and interactions in the model. That is, a multilevel model can detect a significant effect of smiles, given a large enough sample, even if the relative amount of variance explained is modest.  By failing to describe effects in relative terms, the composition of variance in a construct can be easily misunderstood.  One way of determining the relative importance of different effects on a variable is through a generalizability theory analysis (i.e., variance component partitioning) (Brennan, 2001; Vispoel et al., 2018). 
Traditional models based on Classical Test Theory, from which Cronbach’s alpha and similar tests are derived, measure the extent to which a specific set of stimuli hang together and yield a single score reflecting how much overlap there is in the ratings across targets or perceivers.  Generalizability Theory (G-theory) itself is based upon the premise that, for the most part, researchers are not interested in any specific instantiation of a given construct (i.e., not the PPA based on any specific targets or the perceivers that rate them), but just happen to choose those targets and perceivers available to them out of an infinite set of possibilities.  Classical Test Theory detects statistical covariation in the items in a set, then provides an error term, such that person  partner effects (or in the case of PPA, perceiver  target effects) would be treated as error and not examined despite providing potentially interesting information.  Generalizability Theory instead separates variance on the premise that each domain is using random rather than fixed stimuli.  As such, the assumptions made in the equations are different and the emphasis on breaking up the error term is paramount.  Generalizability Theory takes what would be typically called the error term and partitions it into levels of variance to better explain the construct of interest.
Prior work using techniques derived from G-theory has demonstrated the importance of examining person  partner effects in areas as diverse academic performance (Gross et al., 2015), athletic performance (Woods, Hayes, et al., 2016), and social support (Lakey & Orehek, 2011).  For example, in the domain of academic performance, Gross and colleagues (2015) revealed idiosyncratic differences in teacher evaluations by students, meaning that variance in teacher evaluations was not solely explained by certain teachers always being rated higher than other teachers or certain students always providing higher ratings than other students.  Instead, teacher effects, student effects, and student x teacher interaction effects each significantly contributed to the variance.  Moreover, these idiosyncratic preferences predicted student memory for lectures, such that a student paired with a teacher they evaluated as highly effective remembered more of that teacher’s lecture than did other students. [For an excellent review of G-Theory and literatures that have made use of its antecedent analyses, see Lakey (2016).]  In the present study, we include a G-theory approach to extend our analyses beyond the comparison of stimulus types.  Specifically, we build on Hönekopp's (2006) study of perceiver and target effects by estimating the overall variance that stimulus types account for, relative to perceiver and target effects, when assessing PPA variation.  Variance partitioning of this kind is important because it provides clarity about the nature of the construct under scrutiny that can substantially increase precision in theories about the construct (Lakey, 2016). 
Present Study
The present study sought to provide a comprehensive test of the impact of smiling – and, more broadly, stimulus type relative to target and perceiver – on PPA.  It diverged from prior studies regarding how stimuli were developed, types of stimuli qualities assessed, and analytic approaches employed.  We hypothesized that PPA ratings would be greater for smiling than neutral-expression stimuli (aim 1), the effect of facial expression on PPA would be greater for orientation-matched than orientation-mismatched ratings (aim 2), and the effect of facial expression on PPA would be greater for dynamic than static stimuli (aim 3).  Per an anonymous reviewer, we tested the robustness of these findings by controlling for target and perceiver gender.  We then assessed the contribution of stimulus type relative to target and perceiver effects in explaining PPA variation (aim 4).
Method
Participants
One-hundred-eighty-one participants were recruited through a psychology department subject pool. [Data from two of 183 original participants were excluded: one participant was outside the age range and one participant was a student of the first author, whose data we were concerned could have been influenced by experimental demand.]  Participants were undergraduates enrolled in an introductory psychology course and completed the study for course credit.  Participants were age 18-28 (to reduce likelihood of rater-target age discrepancy affecting attractiveness ratings, as targets were age 21-28) and have no uncorrected visual impairments.  The majority of participants were white (74%), female (58.6%), heterosexual (89.5%), and not in romantic relationships (68.5%). 
Procedure
The University’s Institutional Review Board approved the study.  Participants signed up for an in-lab session through an online scheduling system. An individual session was scheduled for each participant.  Upon arrival to the laboratory, participants were provided with informed consent forms, which a research staff member reviewed with them verbally.  Those who agreed to participate were asked to silence their cell phones for the duration of their study participation.  Participants were then instructed to begin the attractiveness rating task on a desktop computer in the lab room by themselves.  The task lasted about 35 minutes, after which they completed a measure of demographic information.  After task and measure completion, a research staff member returned to the lab room to debrief participants then permit them to leave. 
Materials
Attractiveness rating task.  Stimuli were derived from video footage of individuals who participated in a previous study conducted in the second author’s lab (see Citation Blinded).  Videos were obtained from unstructured social interactions during a group-formation period, wherein 80 three-person groups of strangers (twenty groups of each gender composition: three males and zero females, two males and one female, one male and two females, zero males and three females) were brought into the lab and socialized while consuming a non-alcoholic beverage across 36 minutes.  [The study from which the videos were derived had 240 3-person groups, split evenly among alcoholic, non-alcoholic, and placebo beverage conditions. The present study derived images exclusively from non-alcoholic beverage groups, to limit the potential for target drink condition to alter PPA (Van Den Abbeele et al., 2015).] Three cameras were positioned to capture each participant’s face.  Participants were told the cameras were used to monitor drink consumption, though they were actually used to capture facial expressions during this unscripted social interaction.  Images were only derived for participants who consented to having their videos used in future research.  
Four types of stimuli were created: static smiling, static neutral, dynamic smiling, and dynamic neutral (see Figure 1).[footnoteRef:3]  All stimuli were presented without audio.  Consistent with recommendations from prior work, each target was presented in all four stimulus formats and viewed by every participant, to assess variability in PPA across stimulus types while controlling for baseline differences in PPA across targets (Okubo et al., 2015).  The presentation duration of static and dynamic stimuli was held constant at five seconds and participants were given just one opportunity to view each stimulus.  After each stimulus presentation, a screen prompting participants to rate the stimulus was presented until participants responded and clicked to progress to the next stimulus. [3:  Two additional stimuli types, in which dynamic smiling and neutral images including audio (i.e., vocalizations), were presented. We exclude these ratings as the audio was highly variable regarding content, volume, and clarity, complicating interpretation.  Results do not meaningfully differ when the audio conditions are included.] 

Stimuli development.  Videos were previously coded using the Facial Action Coding System (FACS) (Ekman et al., 2002), which is the gold standard for measuring visible facial movements (denoted by “action units” or “AUs”).  This coding, as well as previously coded speech and beverage sipping behaviors, informed the frames of video extracted for stimuli creation.  Frames from each stimulus type were non-overlapping with one another (Rennels & Kayl, 2015).  Sipping behavior and presence of the cup were absent from all images.  Eye gaze in each frame of stimuli was directed away from the camera, as eye-gaze can alter PPA (Jones, DeBruine, Little, Conway, & Feinberg, 2006) and, due to the placement of the camera, our video dataset did not have sufficient images available to extract stimuli in which eye gaze was directed toward the camera.  Each static stimulus was a single frame of video.  Each dynamic stimulus was a five-second period of video in which the target was talking, as has been done in past research in order to capture facial dynamics that are typical of perception experiences in natural social interactions (e.g., Rennels & Kayl, 2015).  FACS criteria for stimuli types are defined below (Ekman et al., 2002). 
Static smiling.  Static smiling stimuli were single frames of video that encompassed open-mouth Duchenne smiles – AUs 6 (cheek raiser) + 12 (lip corner puller) + 25 (lips part). Duchenne smiles were selected because they have been found to be rated as appearing more genuine, positive, and attractive (Gunnery & Ruben, 2016).  A certified FACS coder annotated the intensity of AU12 in each image using the official A (trace) through E (maximum) ordinal scale described in the Ekman et al. (2002) FACS manual (counts: A=0, B=1, C=13, D=17, E=5).
Static neutral.  Static neutral stimuli were single video frames that were absent of any emotion-relevant AUs (as confirmed by the first author, a certified FACS coder).
Dynamic smiling.  Dynamic smiling stimuli were five-second clips of video that included AUs 6 + 12 + 25, wherein AU 6 was not present at the start of the clip but occurred at some point and remained present through the end of the clip (such that the image displayed the onset, but not offset, of the Duchenne smile, as the onset of a smile encompasses a key component of the social signal) (Cohn & Schmidt, 2004).  A certified FACS coder annotated the maximum intensity of AU12 reached during each video (counts: A=0, B=0, C=13, D=19, E=4).
Dynamic neutral.  Dynamic neutral stimuli were five-second clips of video that included speech but were absent of any emotion-relevant AUs.
Task set up.  The stimuli used in the present study were derived from 36 targets (50% female).  All participants viewed all 36 targets presented in all four stimulus formats. Stimuli were sorted into six blocks wherein each target was represented by only one stimulus in each block and stimulus formats were evenly distributed across blocks.  Block order was randomized to create six versions of the task and participants were randomly assigned to receive one version of the task.
Attractiveness ratings.  Ratings were reported using a Likert scale of 1 (very unattractive) to 10 (very attractive).
Demographics.  Participants reported their demographic information, including their gender and sexual orientation, after completing the attractiveness rating task.
Orientation-match.  Ratings were classified as orientation-matched according to the target’s gender (male or female), perceiver’s gender (male or female), and perceiver’s sexual-orientation (straight/heterosexual, gay/lesbian, or bisexual).  For example, a rating of a male target would be orientation-matched for a heterosexual female or gay male, and orientation-mismatched for a heterosexual male or lesbian female.  Target ratings of both genders were orientation-matched for the small portion (6.6%) of perceivers who identified as bisexual. [One participant responded, “Bi-curious”, using a prefer to self-describe short-response option. This participant was classified as bisexual due to their potential to be attracted to both genders represented in the stimuli set.]
Analytic Plan
To test the hypotheses associated with our first three aims, we estimated two multilevel regression models that accounted for the hierarchical structure of the data (i.e., ratings nested within targets and perceivers).  In the first model, PPA ratings were regressed on the following predictors: a dummy code representing whether the stimulus was smiling (1) or neutral (0), a dummy code representing whether the stimulus was orientation-matched (1) or -mismatched (0), a dummy code representing whether the stimulus was dynamic (1) or static (0), and the interactions between the smiling and orientation dummy codes and the smiling and dynamic dummy codes.  In the second model, we removed effects that were not significant and added in a dummy code representing whether the target was male (1) or female (0) and a dummy code representing whether the perceiver was male (1) or female (0).  The maximal random effects structure was used in each model such that intercepts and all slopes were allowed to vary for each perceiver and each target (and random effects were correlated).  The sample size provided 80% power to detect an effect as small as d=.08 (Westfall et al., 2014).
To test the hypotheses associated with our fourth aim, we conducted a G-theory analysis using another multilevel regression model (LoPilato et al., 2015).  In this model, PPA ratings were regressed on random intercepts for each perceiver, target, and stimulus type.  This model allowed us to decompose the variance in PPA ratings into seven different sources and compare their relative sizes: variance due to (1) targets, (2) perceivers, (3) stimulus types, (4) target-by-perceiver interactions, (5) target-by-stimulus-type interactions, (6) perceiver-by-stimulus-type interactions, and (7) residual variance including both measurement error and target-by-perceiver-by-stimulus-type interactions.
Both models were estimated within a Bayesian hierarchical modeling framework (Gelman et al., 2014) using the brms package (Bürkner, 2017) for the R statistical computing environment (R Core Team, 2019).  Complete model details are provided in the supplemental materials including rating data, prior distributions, software versions, syntax, and output.
Results
The multilevel models we estimated to explore our first three aims converged successfully (i.e., all trace plots appeared random and all  values equaled 1.00).  The results of the first model are summarized in Table 1.  Neither of the interaction terms (smiling  motion or smiling  orientation-match) were significant, so they were dropped in the second model.  Results of the second model, wherein target and perceiver gender terms were added, are summarized in Table 2 and depicted in Figure 2.  Both models were comparable in terms of the total amount of the variance in PPA explained, and the magnitude of the expression and motion effects.  Thus, we report in text only results of model 2, highlighting differences between the models as relevant.  The total amount of variance explained by the second model was 65%, 95% HDI: [0.64, 0.65].  Our estimate of the intercept increased from 4.25 in the first model to 4.74, indicating that stimuli that were neutral, static, orientation-mismatched, female, and perceived by females tended to be rated around 4.74 on the 1 to 10 PPA scale.  Smiling stimuli tended to be rated 0.22 units (or 0.12 SDs) higher and dynamic stimuli tended to be rated 0.18 units (or 0.10 SDs) higher.  Male targets were rated .55 units (or .30 SDs) less attractive than female targets and male perceivers rated targets .41 units (or .22 SDs) less attractive than did female perceivers.  All of these effects were statistically significant in that their posterior probability of being greater than zero (pd) was more than 95%; this is also shown in Figure 2 where the majority of the probability density for each of these effects was above zero.  While the effect of orientation-match was significant in the first model, it no longer remained significant after controlling for target and perceiver gender in the second model, in that the pd value for this effect was less than 95%. 
The multilevel model we estimated to explore our fourth aim (the G-theory analysis) also converged successfully.  The results of this model are summarized in Table 3 and depicted in Figure 3.  The largest variance components were due to differences between targets (21.8%), differences between perceivers (31.7%), and interactions between targets and perceivers (26.0%). Thus, some targets tended to be rated as more attractive than other targets (across perceivers and stimuli types), some perceivers tended to provide higher ratings than other perceivers (across targets and stimuli types), and some perceivers rated some targets as more attractive than did others (across stimuli types).  The variance components were much smaller for differences between stimuli types (1.0%), interactions between targets and stimuli types (1.7%), and interactions between perceivers and stimuli types (1.1%).  Finally, around 15.2% of the total variance in PPA ratings was residual (i.e., unmodeled).  Because it is possible that perceivers did not agree in absolute terms but rather on relative terms (e.g., perceiver 1 rates target A as a 9 and target B as a 6, while perceiver 2 rates target A as a 7 and target B as a 4), we calculated ICCs representing absolute agreement (the perceiver component is included in the error estimate) and relative agreement (the perceiver component is not included in the error estimate) among perceivers.  Both ICCs were low (ICCAbsolute = .22, ICCRelative = .32), indicating that there was poor agreement among perceivers in both relative and absolute terms (Koo & Li, 2016).
Discussion
Psychologists have long been interested in isolating physical features that influence perceptions of physical attractiveness.  Despite “know it when you see it” notions of PPA that focus on target features (e.g., facial symmetry), studies of such constructs have yielded decidedly mixed results (c.f., Jones & Jaeger, 2019; Said & Todorov, 2011).  Some investigators have suggested stimuli features, such as static vs. dynamic images, influence PPA (Hughes & Aung, 2018; Rubenstein, 2005).  Less considered, but potentially critical to PPA, is the presence of smiles.  Most instances wherein people evaluate one another’s physical attractiveness occur in social contexts, where smiling is common.  Smiling is thought to enhance attractiveness and underpins sociobiological theories suggesting its adaptive function (Moore, 1985).  Photographers long ago began eliciting smiles in their subjects.  Thus, it is striking that extant research has offered only weak support for conventional wisdom that smiling enhances attractiveness.  The present study incorporated advanced methods (e.g., spontaneous facial expressions drawn from unscripted social interactions; systematic facial coding of muscle movements to identify smiles; ratings of  all targets by participants in a fully crossed design) and contrasted key study conditions (smiling vs. neutral, dynamic vs. static, orientation-matched vs. -mismatched) to examine the effect of smiling on PPA.  
Data revealed smiles significantly enhance PPA, providing a critical test that may help clarify what has been a contradictory literature.  That is, using advanced methods, our findings reinforce the credibility of results from prior work that has observed enhanced PPA among smiling targets.  Motion of stimuli, target gender, and perceiver gender similarly had small, positive effects on PPA in the present study.  Had we only conducted the initial multi-level modeling analyses, our discussion would stop here.  Yet, by also conducting a G-theory analysis to compute the overall variance in PPA that stimulus type accounts for, we more precisely evaluated whether PPA derives primarily from the objective property of the target, how targets are presented, or the subjective preference of the perceiver.  A key finding is that, while there were significant differences in PPA ratings due to stimulus type (e.g., smiling vs. neutral, static vs. dynamic), these differences were minor compared to perceiver effects, target effects, and the perceiver x target interaction effect.  The significant effects of target and perceiver gender in the second model suggest that gender likely contributed to the perceiver and target effects in the G-theory analysis. 
Importantly, we found perceivers to play a greater role than targets in PPA using the G-theory analysis.  This was in spite of observing a larger effect of target gender than perceiver gender in the second model, suggesting that factors beyond gender also underlie the perceiver and target effects.  While it is notable that the perceiver and perceiver  target interaction effects were larger than the target effects given the general focus in past PPA studies on target features, perceiver characteristics also have proven dominant in other domains, such as ratings of personality (Fles & Lakey, 2017) and social interactions requiring cooperation (Woods, Lakey, et al., 2016).   Though researchers have typically argued for the agreement in PPA across perceivers (e.g., Langlois et al., 2000), such claims have inadvertently been exaggerated, as perceiver effects and perceiver  target effects have generally been subsumed by error terms in prior work.  Using techniques that disambiguate these different components enables researchers to more precisely capture the variance and reveal that perceivers do indeed differ substantially in their attractiveness preferences.  The relative importance of perceiver effects observed in the present study is consistent with the few PPA studies to date that have parsed perceiver and target effects (Bronstad & Russell, 2007; Germine et al., 2015; Hehman et al., 2017; Hönekopp, 2006; Kramer et al., 2018; Leder et al., 2016), and reinforces the value of including G-theory analyses alongside traditional multilevel models to assess these effects in future PPA research, and in person perception research more broadly.
Limitations
	While the present study offers key methodological strengths, findings should be interpreted with respect to several limitations.  Due to the unstructured nature of our video dataset, we were unable to extract stimuli for which target eye gaze and head orientation were directed toward the camera or for which other aspects of participants’ appearance (e.g., clothing, jewelry, hairstyle) were controlled.  While perceivers may have given higher ratings if our stimuli displayed eye gaze and head orientation directed toward the camera (e.g., Ewing et al., 2010; Jones et al., 2006; Main et al., 2010), extant research does not seem to indicate that presenting stimuli with averted gazes and head orientations would have differentially influenced PPA of smiling vs. neutral targets.  It is also unlikely that the other aspects of appearance (e.g., hairstyle) altered the observed effect of smiling, as these aspects of appearance were held constant across the expression conditions for each target.  Nevertheless, if these other features did serve to distract perceivers, it might have slightly eroded the impact of smiles on PPA in the present study.  
Another potential limitation concerns the emotional neutrality of the neutral expressions.  Weighing against this concern, we selected stimuli using a standardized facial coding system (FACS) that facilitated identification of the presence vs. absence of smiles (if not the presence vs. total absence of resemblance to subtle emotionality).   Subtle cues to emotion that persisted in our neutral stimuli are likely representative of those that present in naturalistic PPA experiences.  Nevertheless, past work has shown that stable structural features of faces differentially resemble emotions (Said & Todorov, 2011; Zebrowitz et al., 2010), indicating perceivers may infer subtle emotional cues even among targets displaying neutral expressions.  Among targets displaying smiling expressions, a limitation concerns the emotional intensity of the smiles.  While we aimed to reduce variability in smiles across targets by restricting our selection of smiles to Duchenne (as opposed to non-Duchenne), there remained some variability in the intensity of smiles.  It is possible that limiting smiles to maximal intensity could yield a larger effect of smiles on PPA or that a curvilinear relationship between smile intensity and PPA exists, such that at some point of increasing intensity smiles begins to have a negative effect on PPA.  Future researchers could explore these possibilities by presenting smiles across the full range of intensities.  More broadly, additional action units could be coded to tease apart different types of smiles (see Ekman, 2009).  Finally, though G-theory aims to facilitate generalization of results to a broader universe of findings, it is limited by the set of observations on the which analyses are based.  Future work is needed to assess the extent to which these findings hold with a more diverse set of targets and perceivers, such as in terms of age, ethnicity, and other factors that may alter PPA. 
Future Directions

	While the effect of smiling was overshadowed by perceiver and target effects in the present study, the magnitude of the effect of smiles on PPA may be greater under conditions in which smiles convey immediate potential for attainment of behavioral affordances (e.g., pleasant social interaction).  That is, smiling is a social signal that conveys warmth and sociability (Bayes, 1972; Kraut & Johnston, 1979; Reis et al., 1990) and may facilitate initiation and maintenance of social bonds (e.g., Martin et al., 2017; Moore, 2010).  If behavioral affordances such as these contribute to PPA and are more salient when perceivers have real opportunity to obtain those affordances (Zebrowitz & Montepare, 2006), then smiling – and other nonverbal behaviors – may indeed have a greater influence on PPA in naturalistic settings.  Relatedly, the social context in which the target is viewed should be considered.  Past work has demonstrated that the attractiveness of targets is perceived differently according to their affiliation with others in the visual field and the attractiveness of those others (i.e., cues to friendship with attractive others enhances PPA of the target) (Geiselman et al., 1984; Walther et al., 2008).  Future research will be needed to test smiling and PPA in contexts where the perceiver has potential to interact with the target, and wherein additional social cues (e.g., target affiliation with attractive others, other perceivers competing for target attention, availability of alternative targets) are assessed.
Results from our G-theory analysis indicate future research will benefit from exploring the specific characteristics that underlie unique attractiveness preferences of perceivers. Little and colleagues (2011) suggested internal characteristics of the perceiver, the context of perception, and visual experience with the target may yield both between and within perceiver variation in attractiveness preferences.  Indeed, diverse factors including, but not limited to, personality preference, acute alcohol intoxication, political preference, and relationship status of the perceiver, have been shown to alter PPA (e.g., Bowdring & Sayette, 2018; Cole et al., 2016; Little et al., 2006; Nicholson et al., 2016).  Comprehensive assessment of stable and temporary features of both the target and perceiver – as well as the context in which the perception occurs – within the same study will help to more fully elucidate the composition of PPA variance.  It is important to recognize that the variance explained by different factors will likely vary based on the particulars of the study in which PPA is being assessed.  For example, greater attractiveness-heterogeneity among targets should yield greater variance explained by target effects (Hönekopp, 2006).  In many contexts, sexual orientation of the perceiver may play a key role in PPA.  The role of sexual orientation in future PPA studies may be more accurately assessed by accounting for the non-discrete nature of sexual orientation through the use of assessments based on a continuum (Epstein et al., 2012; Kinsey et al., 1949).   More broadly, PPA research is indicated that integrates naturalistic approaches and considers the dynamic processes linking perceivers and targets across multiple contexts. 
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Table 1
Regression Coefficients from the Bayesian Multilevel Regression Model
	Parameter
	B
	
	95% HDI
	pd

	Intercept
	4.25
	
	[+3.92, +4.60]
	100.0%

	Smiling (vs. Neutral)
	0.19
	0.10
	[+0.02, +0.35]
	98.7%

	Matched (vs. Mismatched)
	0.22
	0.12
	[+0.00, +0.45]
	97.5%

	Dynamic (vs. Static)
	0.16
	0.09
	[+0.07, +0.26]
	99.9%

	Smiling × Dynamic
	0.04
	0.02
	[−0.09, +0.16]
	71.1%

	Smiling × Matched
	0.02
	0.01
	[−0.07, +0.12]
	66.8%


Note. B = unstandardized coefficient (posterior median).  = standardized coefficient (posterior median). 
HDI = interval estimate (posterior highest density interval). pd = probability of direction (i.e., that estimate > 0).


Table 2
Regression Coefficients from the Bayesian Multilevel Regression Model Controlling for Target and Perceiver Gender
	Parameter
	B
	
	95% HDI
	pd

	Intercept
	4.74
	
	[+4.23, +5.28]
	100.0%

	Smiling (vs. Neutral)
	0.22
	0.12
	[+0.10, +0.35]
	99.96%

	Matched (vs. Mismatched)
	0.19
	0.10
	[−0.16, +0.55]
	85.13%

	Dynamic (vs. Static)
	0.18
	0.10
	[+0.11, +0.26]
	100%

	Target Gender
	−0.55
	0.30
	[−1.13, +0.02]
	97.02%

	Perceiver Gender
	−0.41
	0.22
	[−0.76, −0.06]
	98.83%


Note. B = unstandardized coefficient (posterior median).  = standardized coefficient (posterior median). 
HDI = interval estimate (posterior highest density interval). pd = probability of direction (i.e., that estimate > 0).


Table 3
Results of the Bayesian G-Theory Analysis
	
	Amount of Variance
	
	Percent of Total Variance

	Component
	Estimate
	95% HDI
	
	Estimate
	95% HDI

	Target
	0.77
	[0.45, 1.22]
	
	21.8 %
	[14.4, 31.2]

	Perceiver
	1.12
	[0.90, 1.38]
	
	31.7 %
	[25.7, 37.7]

	Stimulus Type
	0.04
	[0.00, 0.20]
	
	1.0 %
	[0.1, 5.4]

	Target × Perceiver
	0.92
	[0.88, 0.96]
	
	26.0 %
	[22.3, 29.5]

	Target × Stimulus Type
	0.06
	[0.04, 0.08]
	
	1.7 %
	[1.2, 2.2]

	Perceiver × Stimulus Type
	0.04
	[0.03, 0.05]
	
	1.1 %
	[0.9, 1.4]

	Residual
	0.55
	[0.54, 0.56]
	
	15.2 %
	[12.4, 17.6]


Note. Estimate = point estimate (posterior median). HDI = interval estimate (posterior highest density interval).




