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People use facial appearance to infer the social attributes of others.  A primary 

indicator of facial attractiveness is prototypicality (the proximity of an object to its 

categorical central tendency); faces and objects closer to the central tendency are judged 

as more attractive.  Perceptual fluency theory suggests that cognitive processing speed 

directly generates positive affect.  This dissertation examined the relationships among 

attractiveness, prototypicality, and affective response in faces and non-face objects across 

adult and 8-year-old participants using a reaction time (RT) paradigm.  RT predicted 

positive affect and disgust responses to facial stimuli.  Of particular note are the series of 

complementary findings suggesting that reaction to unattractive faces may be both 

quantitatively (i.e., longer RT latencies) and qualitatively (i.e., judged to be less typical) 

different from high and medium attractive faces.  These findings may help explain how 

appearance-based stereotypes are formed and maintained.  
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INTRODUCTION 

When asked to assign social traits and life outcomes to others, adults and children 

agree that physically attractive people are more likely to have socially desirable traits and 

superior life outcomes compared to unattractive people (Dion & Berscheid, 1974; Dion, 

Berscheid, & Walster, 1972).  Not only do people judge strangers differently based on 

attractiveness, they discriminate among close acquaintances—including their own twin 

sibling (Principe, Rosen, Taylor-Partridge, Griffin, & Langlois, 2008).  Although people 

may be unaware that they are basing social decisions on others’ attractiveness (or at least 

reluctant so to admit), most endeavor to enhance their own appearance.  The beauty-

product industry continues to thrive.  Today, a lifetime’s worth of beauty enhancement 

products and services adds up to almost half a million dollars per person.1  In 2007, the 

average American woman spent $1,200 on make-up and other cosmetics.  This trend is 

not limited to adults.  Adolescents matched adult spending and according to a recent 

                                                
1 These numbers are compiled from: Professional Beauty Association.  “10th Anniversary Survey 

Salon/Spa Section of the Professional Beauty Association: A Portrait of American Salons and Spas.” 2005.  

http://www.probeauty.org; Average data in 14 US cities, compiled using Allure magazine's salon and spa 

directory.  http://www.allure.com/directory; Teen Research Institute 2009 Study of U.S.  Teens.  

http://www.teenresearch.com/syndicated.cfm?page_id=87; YWCA.  “Beauty at Any Cost.” 2008.  

http://www.ywca.org/site/pp.asp?;c=djISI6PIKpG&b= 4427615; American Society of Aesthetic Plastic 

Surgeons.  “2008 Cosmetic Surgery National Data Bank Statistics.” http://www.surgery.org/press/statistics-

2008.php; Business Wire.  "Paradise Tan Inc.  Consolidates Franchised Tanning Salon In Texas." 18 Dec.  

2003.  http://findarticles.com/p/articles/mi_m0EIN/is_2003_Dec_18/ai_111374793; March 2009 estimate 

from the Professional Beauty Association. 
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Newsweek article, the average 8- to 12-year-old girl spent $780 a year, accounting for 

over $40 million in spending on beauty products per month (Bennett, 2009; “Teen 

Research”, 2009).  For those seeking potentially more dramatic improvements, cosmetic 

surgery has become commonplace.  In 2005, the American Society of Plastic Surgeons 

reported that over 10,000,000 people had cosmetic surgery, 330,000 of whom were under 

the age of 18.  Finally, attractive people have greater salaries (Hamermesh & Biddle, 

1994), occupational success (Hosoda, Stone-Romero, & Coats, 2003), and upward 

mobility (Frieze, Olson, & Russell, 1991) compared to unattractive people. 

Because of the real-world social and economic consequences of being attractive 

(or not), understanding perceptions of attractiveness is crucial.  A majority of the research 

on attractiveness concludes that the most attractive people gain the greatest societal 

benefits (see Langlois et al., 2000 for a review and meta-analysis).  As Dion et al. (1972) 

put it, “What is Beautiful is Good”.  This assumption, however, may be based primarily 

upon a methodological limitation: the exclusion of medium attractive stimuli.  Including 

only the highest and lowest attractive people (or forcing medium attractive stimuli into 

high and low groups via a median split) creates a false dichotomy.  At worst, the ability 

to generalize much of this work may be called into question.  Interestingly, in studies that 

have examined the full range of attractiveness by including medium attractive faces, 

evidence suggests that—rather than a beauty-is-good effect or a linear trend (i.e., high 

attractive faces perceived most positively, followed by medium, then low attractive 

faces)—there may instead be a negative nonlinear threshold.  For example, Griffin and 

Langlois (2006) demonstrated that adults and 7-year-olds considered low attractive 

people to be less intelligent and sociable compared to medium attractive people; 

however, the same participants did not distinguish between medium and high attractive 

people.  Principe and Langlois (2011) revealed that a physiological response associated 
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with disgust is greater to low attractive faces compared to medium and high attractive 

faces, and is best described as a non-linear, inverse relationship (i.e., y = 1/x).  Thus, 

rather than a beauty-is-good effect, there may be an ugly-is-bad effect.   

An ugly-is-bad hypothesis presents the possibility that unattractive faces are 

fundamentally different from medium and high attractive faces.  Although this may be 

connected to mate-choice or good gene concerns, support for this position is inconsistent 

(e.g., Kalick, Zebrowitz, Langlois, & Johnson, 1998).  Instead, one interesting hypothesis 

is that unattractive faces are less typical (i.e., of poor categorical fit), or not processed as 

fluently, or both, and thus less “humanlike” than other faces.  Placed in this context, faces 

may be like any other stimuli with which people are familiar (for a debate on the 

“specialness” of face processing, see Gauthier & Bukach, 2007).  Knowing whether faces 

of differing levels of attractiveness are processed in quantitatively disparate ways is 

crucial to understand the development and consequences of appearance-based judgments.  

Specifically, the following research questions need to be addressed: Is there a direct 

relationship between processing speed and affective response in faces?  Are there 

observable differences between children and adults’ processing speed or affectivity?  Is 

there a difference between affective responses to faces of varying typicality compared 

with non-face objects of varying typicality? 

This dissertation begins by reviewing the literature on the origins and 

development of attractiveness preferences as they relate to categorical fit and processing 

speed.  I argue that preferences stem from automatic perceptual discrimination (i.e., 

evaluations of categorical fit).  Second, I identify two predictions as to how faces 

differing in attractiveness are evaluated: one in which unattractive faces are merely less 

attractive than medium and high attractive faces, and one in which unattractive faces are 

fundamentally different from medium and high attractive faces (either quantitatively—
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e.g., low attractive faces are processed significantly slower than medium and high 

attractive faces—or qualitatively—e.g., low attractive faces are judged to be significantly 

less prototypical than medium and high attractive faces).  Third, I describe a study that 

demonstrates that: 1) unattractive faces elicit significantly longer reaction times (RTs) 

compared to either medium and high attractive faces; 2) RT predicts physiological 

positive affect and disgust responses in facial stimuli; and 3) unlike medium and high 

attractive faces, unattractive faces vary along two dimensions: attractiveness and 

typicality.  From these results I conclude that unattractive people may be at specific risk 

for prejudice and discrimination.  

Categorization and Prototypes  

FACIAL CATEGORIZATION   

Faces can be categorized in several ways.  For instance, faces can be grouped by 

the different skin tones of different races (e.g., Hugenberg & Bodenhausen, 2004; Levin 

& Angelone, 2002), the sexual dimorphism of different genders (e.g., Baudouin & 

Gallay, 2006; Baudouin & Humphreys, 2006), or the distinct facial morphologies of 

different species (e.g., Martin-Malivel, Mangini, Fagot, & Biederman, 2006).  Given that 

there are differences both between and within these facial categories, humans need a 

strategy to organize faces into groups.  Anderson (1991) developed a rational model of 

categorization from a Bayesian analysis of optimizing the variance of classification based 

on object features.  Although this model predicted many outcomes of different 

classification strategies including categorization labels, trial-by-trial learning, and 

probability matching, Anderson acknowledged that the “strongest phenomenon” within 

the categorization literature is prototype comparison (Anderson, 1991, p. 415).  In one of 

the first experiments to identify this strategy, Reed (1972) asked participants to 
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categorize schematic faces into two groups.  He found that the most common strategy 

was to compare novel schematic faces to those that resembled a categorical central 

tendency, or prototype; faces with more prototypical features were more easily classified.  

Since this study was published, much research has corroborated and expanded on the idea 

that humans base future judgments and classifications of objects by comparing novel 

stimuli to categorical central tendencies (e.g., Boswell & Green, 1982; Rosch, 1973; 

Strauss, 1979).  Recently it has been argued that lesser primates such as rhesus monkeys 

(Smith, Redford, & Haas, 2008) and even chickens (Werner & Rehkämper, 2001) seem 

to categorize using prototypical cues, suggesting that this categorization strategy is an 

evolved information-processing mechanism.  Note that much of the memory literature 

argues that this ability to categorize is based on stored memory traces for statistically 

probable features and not on a cognitively abstracted prototype with which one has no 

experience (see Rehder & Hoffman, 2005, for a discussion).  For the sake of brevity, in 

this dissertation I will use the term “prototype” merely to refer to a categorical central 

tendency and not the act of its mental creation.  

PROTOTYPES ARE PREFERRED   

Prototypes not only represent the central tendency of a category, they also are 

evaluated more favorably compared to many individual exemplars of that category.  For 

example, averageness is preferred in dot patterns (Bomba & Siqueland, 1983), colors 

(Martindale & Moore, 1988), birds, fish, and cars (Halberstadt & Rhodes, 2003).  

Applying the concept of a prototype to human faces, Langlois and Roggman (1990) 

mathematically averaged the pixel values of 32 digital images of human faces (holding 

race and sex constant).  Study participants rated the resulting averaged face as more 

attractive than most of the images comprising the average.  Since this initial study, a 
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plethora of work has confirmed and extended this finding.  Averaged faces are attractive 

and preferred (Langlois, Roggman, & Musselman, 1994; Langlois, Roggman, 

Musselman, & Acton, 1991; Rhodes, 2006), attractive faces have prototypical qualities 

(Potter, & Corneille, 2008; Rhodes, Sumich, & Byatt, 1999), and these effects are not 

sufficiently explained by other evolutionary or cognitive mechanisms (Principe & 

Langlois, in press; Rhodes et al., 2005; Rhodes et al., 1999).2   

Why should prototypicality/categorical fit predict liking?  In this conception, 

preferences are based on the proximity to a category’s central tendency.  In turn, a 

category’s central tendency can only be learned via experience.  One may prefer robins 

(bird-like birds) to ostriches (less-bird-like birds) because one sees many more robins and 

robin-like birds than ostriches and ostrich-like birds.  Importantly, both categorical fit and 

liking are associated with fluent processing.  RT (a common proxy of processing speed) 

is indicative of categorical fit—the better representation of a category, the shorter the 

latencies.  With regard to liking, recent research on perceptual fluency suggests that 

speed of processing is not only correlated with evaluation but also may be responsible for 

evaluation.  Thus, differences in affect between faces differing in attractiveness may be 

the result of a quantitative difference in processing speed.  
                                                
2 Although this paper focuses exclusively on the prototype explanation, there are additional theories of 
facial attractiveness with varying degrees of empirical support.  Among them, the most often cited by the 
literature include symmetry (e.g., Jones et al., 2001), secondary sex-traits such as full lips in women and 
square jaws in men (e.g., Thornhill & Gangestad, 1999), youthfulness (e.g., Berry & McArthur, 1985), and 
averageness (i.e., central tendency; e.g., Langlois & Roggman, 1990; Rhodes, Halberstadt, Jeffery, & 
Palermo, 2005; Rhodes, Harwood, Yoshikowa, Nishitani, & McLean, 2002).  There is little dispute among 
attractiveness researchers that these qualities increase attractiveness judgments; however, there is 
disagreement regarding why these traits are attractive.  From an evolutionary viewpoint, attractiveness is a 
marker of health or mate value in that more attractive people are expected to be more fertile and more able 
to continue the species compared to less attractive people (Symons, 1979).  Thus, attractiveness preferences 
should be universal, innate, and immune to the effects of the environment.  Although there is circumstantial 
support for a relationship between health and attractiveness (e.g., Hill & Hurtado, 1996; Soler et al., 2003), 
a direct test of the role of experience demonstrated that the prototype explanation of attractiveness better 
accounts for facial preferences than an inborn beauty-as-mate-value detector (Principe & Langlois, in 
press). 



 7 

Perceptual Fluency 

Jacoby and Dallas (1981) used the term “perceptual fluency” to describe an 

unconscious type of learning.  In six experiments, they presented words for 35 ms on a 

monitor prior to a perceptual mask to examine the relationship between recognition 

memory, subjective familiarity, and speed of processing.  Participants reported the 

presentation of the word immediately and then completed a recognition task.  The authors 

found that ratings of subjective familiarity (the feeling that something is familiar 

regardless of whether the stimuli has been presented) increased independent of conscious 

recognition.  The authors suggested that ease of processing serves conscious recognition 

memory by increasing a subjective feeling of familiarity.  In other words, the more 

perceptually fluent an object, the more it will seem familiar.  In fact, several other 

researchers including Whittlesea and colleagues have also argued that enhanced 

perceptual fluency increase subjective feelings of familiarity (e.g., Johnston, Dark, & 

Jacoby, 1985; Whittlesea, 1993; Whittlesea, Jacoby, & Girard, 1990; Whittlesea & 

Williams, 2001). 

A great deal of research has shown a connection between subjective familiarity 

and positive affect (e.g., Garcia-Marques, Mackie, Claypool, & Garcia-Marques, 2004; 

Lee, 2001; Monin, 2003; Zajonc, 1968; 1980; 2001).  Furthermore, several psychologists 

have commented on the positive feeling of subjective familiarity (Jacoby & Kelley, 1990; 

Jacoby, Kelley, & Dywan, 1989; Pittman, 1992).  Interestingly, although event-related 

potential (ERP) studies have shown that there are different brain processes involved in 

the experience of explicit recognition and subjective familiarity (Voss & Paller, 2006), no 

such electrophysiological study has tested for a difference between subjective familiarity 

and liking.  Thus, for the purposes of this proposal, I will consider subjective familiarity 
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and positive affect as similar.  Studies that have demonstrated that perceptual fluency is 

linked to subjective familiarity have also demonstrated—regardless of their intent—that 

perceptual fluency is linked to positive affect (e.g., Anand & Sternthal, 1991; Johnston et 

al., 1985; Whittlesea, 1993; Whittlesea et al., 1990; Whittlesea & Williams, 2001).   

Interestingly, Winkielman and colleagues have posited that not only is there a 

connection between perceptual fluency and positive affect, there may be a causal 

relationship (Reber, Schwarz, & Winkielman, 2003; Reber, Winkielman, & Schwarz, 

1998; Winkielman & Cacioppo, 2001; Winkielman, Halberstadt, Fazendeiro, & Catty, 

2006, Winkielman, Schwarz, Fazendeiro, & Reber, 2004).  According to this “hedonic” 

perceptual fluency theory, the greater speed with which fluent stimuli are processed 

generates a diffuse positive affective reaction.  This affect is then (mis-) attributed to the 

stimuli that evoked the fluent processing.  Thus, more prototypical objects, words, and 

faces are preferred because they are perceptually fluent.  Winkielman et al. (2006) 

conducted three experiments testing the relationship of positive affect with the fluency 

and prototypicality of dot patterns and shapes.  They discovered that more prototypical 

dot patterns and shapes received higher ratings of liking, were responded to faster, and 

that more prototypical dot patterns elicited greater zygomaticus major activity, a 

physiological correlate of positive affect as measured by facial electromyography (EMG).   

With regard to social stereotyping, it may be that people feel more positive affect 

toward more attractive faces that are processed more rapidly than less attractive faces.  In 

turn, this feeling is attributed to real people.  Rosen, Bronstad, Griffin, Hoss, and 

Langlois (2011) conducted two studies to determine whether facial processing speed is 

related to preference ratings.  They found that both children and adults had smaller RT 

latencies to attractive and averaged faces compared to unattractive, scrambled, or non-

faces.  In a third study, the authors implemented a computational model to discriminate 
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facial stimuli from non-facial stimuli (i.e., scrambled faces).  They found that attractive 

faces were further from the model’s face/non-face classification border.  Taken together, 

these studies showed that less attractive faces are not recognized as faces (i.e., 

categorized) as rapidly as attractive faces and suggest that people do not prefer faces that 

are relatively more difficult to process.   

Furthermore, Principe and Langlois (2011) found that adults showed less 

corrugator supercilii response—a physiological correlate of less negative affect, more 

positive affect, or both—to attractive faces, indicating that these faces elicited more 

positive/less negative emotion compared to unattractive faces.  Although one may be 

tempted to presume causality, no study has directly tested whether greater fluency elicits 

more positive affect or less negative affect or both in faces differing in attractiveness.  

Furthermore, Rosen et al. (2011) did not use medium attractive faces as stimuli, nor did 

they measure typicality separately from attractiveness.  Therefore, although we know that 

unattractive faces are less fluent than attractive faces, we still cannot determine if they are 

quantitatively unique (differences in processing speed), qualitatively unique (differences 

in perceived typicality), or both.  Such a study is necessary to specify the categorical fit 

of unattractive faces, whether emotional responses are unique to faces or shared by non-

face stimuli, and whether there are observable differences in these results between adults 

and children.  

To reiterate, stimuli closer to the mathematical average will be processed faster 

and considered more attractive; stimuli farther from the average, or with fewer 

prototypical features, will be processed more slowly and considered less attractive.  The 

primary goal of hedonic perceptual fluency research has been to examine why 

attractiveness is preferred.  This theory does not necessarily explain, however, why 

unattractive faces are disliked; for instance, unattractive faces may cue reactions to poor 
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genes and signal potential mates to avoid disease and compromised offspring (Zebrowitz, 

Fellous, Mignault, & Andreoletti, 2003).  As mentioned earlier, however, previous work 

has shown a weak connection between attractiveness and health outcomes (Kalick et al., 

1998).  If cognitive explanations also account for reactions to unattractive faces, negative 

affect may be generated because unattractive faces are ostrich-like—that is, they are poor 

examples of the category and less humanlike. Research from several diverse domains 

including language, visual stimuli, and specifically, faces, demonstrates that poor 

examples of a category are processed less efficiently and often disliked.   

Categorical Ambiguity 

LANGUAGE   

In linguistics, imaging studies have demonstrated that the brain has unique 

reactions to morphemes that are categorically ambiguous.  For example, Myers (2007) 

tested participants in a button-pressing RT task in an fMRI scanner to identify the 

morphemes [da] and [ta].  Myers manipulated these morphemes to represent a range of 

sounds that were either prototypical of that morpheme, non-prototypical and extreme 

(bad fit for either category), or non-prototypical and competitive (categorically 

ambiguous).  Brain scans revealed that ambiguous morphemes evoked greater activation 

(i.e., effortful processing) in bilateral inferior frontal areas of the brain.  These areas of 

the brain are believed to be involved in selecting between competing alternatives.  

Additionally, RTs to identify stimuli were significantly slower for ambiguous morphemes 

compared to either extremes or exemplars.  

VISUAL CATEGORIES 

Dislike of non-prototypical items has been documented in a wide range of non-

social domains, though admittedly, the focus has still been on the preference for items of 
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good categorical fit.  Humans dislike less typical stairs (Warren, Jr., 1984); they do not 

prefer less prototypical birds, fish, and cars (Halberstadt & Rhodes 2003); they do not 

prefer less prototypical dogs and wristwatches (Halberstadt & Rhodes, 2000).  

Winkielman et al. (2006) showed that people have less activation of the muscle 

zygomaticus major (a physiological correlate of positive affect) to non-prototypical dot 

patterns and shapes compared with prototypical dot patterns and shapes.   

FACES 

Studies have also examined categorical ambiguity of human faces.  Yoon and 

Kircher (2005) morphed participants’ own faces with faces of strangers and friends and 

then asked them to categorize the faces as either known or unknown.  Although the 

purpose of the study was to examine how one’s own face is recognized, the authors noted 

that faces that were categorically ambiguous (between 33% and 66% morphs) had 

significantly slower RTs.  Additionally, Donnelly, Humphreys, and Sawyer (1994) 

created three categories of faces: normal, scrambled, and moderately scrambled.  

Participants took significantly longer to categorize the moderately scrambled faces, most 

likely because moderately scrambled faces—having some features in the expected 

locations but not others—are not good examples of either normal or scrambled face 

categories. 

Unattractive faces may be akin to Donnelly et al.’s medium scrambled faces.  

Although thinking of unattractive faces as ambiguous stimuli may seem counterintuitive, 

both types of stimuli share the traits previously discussed: poor categorical fit, slower 

processing, and dislike.  Furthermore, the theory that unattractive faces are ambiguous, or 

less humanlike accounts for the results of the facial attractiveness studies that have 

included medium attractive faces (Griffin & Langlois, 2006; Principe & Langlois, 2011).  
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One possibility that may account for these reactions to unattractive faces is that they may 

differ from medium and high attractive faces not only along a dimension of 

attractiveness, but also along a dimension of typicality.  In other words, perhaps 

unattractive faces elicit more negative affect and slower latencies (which perhaps lead to 

differential treatment) because they “pay the price” of being both less attractive and less 

typical (whereas compared to high attractive faces, medium attractive faces are less 

attractive but not less typical). 

Thus far, this discussion of facial preferences has contained itself to automatic 

unconscious processes.  Nevertheless, discriminatory behavior and prejudice based on 

facial appearance are behaviors that are far more complex.  While a great deal of research 

has shown that adults and children agree on judgments of attractiveness, a concomitant 

literature reveals that small differences between school-age children and adults’ 

perception of faces may influence processing speed and judgments of typicality.  To 

understand the development of reactions to unattractiveness, any differences between 

children and adults must be deciphered.  For example, explicitly categorizing faces into 

two groups may be a more challenging task for a 3-year-old than the task of merely 

looking at faces is for a 6-month-old. 

Facial Processing in School-Age Children 

Although both 7-month-olds and adults process upright faces holistically (rather 

than as separate features; Cohen & Cashon, 2001), there are still small differences 

between how school-age children and adults process faces.  In an influential set of 

studies, Carey and Diamond (1977) demonstrated that there is significant face-processing 

variation between 6- and 8-year-olds versus 10-year-olds.  Not only did 10-year-olds 

make fewer recognition errors when pictures of the same person were presented with 
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different facial expressions or clothing/paraphernalia worn, but also they showed an 

adult-like pattern of recognition toward inverted versus upright faces.  That is, 6- and 8-

year-olds recognized both upright and inverted pictures of strangers equally, whereas 10-

year-olds made more relative errors to inverted faces.  Carey and Diamond (1977) argued 

that before 10 years of age, children process inverted faces (unlike upright faces) in 

pieces, not holistically.  Furthermore, Anzures, Mondloch, and Lackner (2009) found that 

both 8-year-olds and adults show perceptual aftereffects to distorted faces (perceived 

changes in normal faces that are in the opposite direction of the primed distortion), 

whereas only 8-year-olds showed this effect when exposed to a distortion of greater 

magnitude.  Additionally, Mondloch, Geldart, Maurer, and Le Grand (2003) exposed 6-, 

8-, and 10-year-olds to faces whose features were adjusted for relative position.  They 

discovered that older children processed differences in second-order feature relationships 

(e.g., distances between eyes and nose; distances between nose and mouth) more 

effectively than younger children.  Lastly, McKone and Boyer (2006) found that adults 

and 4- and 5-year-old children were equally apt at picking the more distinctive face in 

forced-choice comparisons when the difference was large; however, when the differences 

between facial stimuli were medium, adults performed significantly better.  Taken 

together, these studies suggest that although facial expertise appears early in life, there 

may be a steeper developmental curve than one might first surmise given the ability of 

young infants.  Note, however, that it is difficult to separate differences in development 

between studies in which the task is different and possibly more challenging.  

If evaluation stems from perception, research that shows developmental 

differences in facial processing seems to conflict with research that demonstrates that 

infant, child, and adult evaluations of faces are consistent.  Rather than an 

incompatibility, these ideas may be the result of the same methodological limitation 
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mentioned previously—the exclusion of medium attractive faces.  Although infants, 

children, and adults agree on who is attractive and who is not (Langlois et al., 1987; 

Langlois et al., 2000), smaller perceptual differences (i.e., the difference between low to 

medium and medium to high attractiveness) may cause differences in reactivity across 

age groups.  There is some evidence to support this assumption.  For example, only adults 

showed a significant negative relationship between facial attractiveness and corrugator 

supercilii muscle activation, a correlate of liking/disliking ratings, whereas 7- to 10-year-

olds’ muscle activations were more variable (Principe & Langlois, 2011).  This finding 

suggests that evaluation of faces continues to develop throughout childhood and is 

worthy of continued research.  For example, is the relationship between unattractive and 

medium attractive faces similar to that between medium and high attractive faces? 

Furthermore, is the answer to this question consistent across age?  Both adults and 

children may make a categorical distinction between high and low attractive faces, but 

children may be less likely to distinguish low from medium or high from medium.  Thus, 

when investigating if unattractive faces are less humanlike, we may find that school-age 

children are more tolerant of categorical ambiguity (less distinction between levels of 

attractiveness).  Conversely, they may also be less tolerant of ambiguity, given what is 

known about children’s rigid gender stereotyping (e.g., Bigler & Liben, 1990).   

The Current Study 

AFFECTIVE MEASURES 

To determine whether processing speed explains the relationship between 

physical attractiveness and affective response, participants must have RT measured to 

objects of varying categorical fit while physiological affect is recorded.  To date, no such 

study has been conducted; thus, whether processing speed actually generates affect 
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remains an untested assumption of perceptual fluency theory.  EMG methods allow 

researchers to measure affective response without the participant’s conscious awareness 

of emotion and while concentrating on another task (Fridlund & Cacioppo, 1986; 

Tassinary & Cacioppo, 1992).  Such a methodology is necessary because participants’ 

expectations may systematically bias conscious affective ratings.  Furthermore, EMG has 

been used previously to measure changes in physiological affect to deviations from 

attractiveness in faces (Principe & Langlois, 2011; in press) and to prototypicality in 

other objects (Winkielman et al., 2006).   

TWO TYPES OF TYPICALITY DEVIATIONS 

Although nature varies facial typicality, to ensure that this study’s facial stimuli 

represent a wide range of typicality, we experimentally manipulated categorical fit using 

computer software to create prototypes and prototype morphs of faces and objects.  

Following a previous study, we combined 32 human faces to create a human average, 32 

chimpanzee faces to create a chimp average, and morphs between the two averages to 

create novel human/chimp faces in 10% deviations (i.e., 90%-human/10%-chimp, 80%-

human/20%-chimp, and so on; see Principe & Langlois, in press).  Using two types of 

deviations from prototypical stimuli (nature vs. computer) allows this study to examine 

whether subjectively atypical faces (i.e., unique but 100% human) show a similar pattern 

of RTs and affective responses compared to objectively atypical faces (i.e., faces that 

vary from 100% human to 100% chimp).  Specifically, do unattractive human faces 

significantly deviate from medium and high attractive faces in similar or disparate ways 

compared to faces designed to deviate categorically from each other?  
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DIFFERENCES BETWEEN FACES AND NON-FACE OBJECTS 

Even if unattractive faces are quantitatively different, qualitatively different, or 

both from medium and high attractive faces, we cannot conclude that faces are unique 

stimuli.  According to the bad-genes hypothesis, humans have evolved an aversive 

response to the least attractive people because unattractiveness may indicate poor health 

and dubious reproductive value (Zebrowitz et al., 2003).  If accurate, then unattractive 

human faces may be unique stimuli because only non-prototypical human faces should be 

a marker of poor mating value; non-prototypical chairs (for example) should not elicit 

disgust.  However, if categorical fit is a better explanation for affective reaction, then we 

should see a similar pattern of findings in other stimuli, for example, dot patterns.  

Testing whether non-prototypical non-faces elicit negative affect would simply be a 

matter of replicating Winkielman et al.’s (2006) findings with two sets of prototypical dot 

patterns and “morphs” between the two sets.  Note, however, that finding different 

responses to faces versus non-faces demonstrates that different processes underlie 

affective consequences, whereas similar responses to faces versus non-faces may be 

argued as supporting either that the processes are the result of a domain-general 

information processing mechanism or that—because of the evolutionary importance of 

finding mate with good genes—a domain-specific health-detection module 

overgeneralizes affective response to non-face stimuli.  

DEVELOPMENTAL DIFFERENCES 

Finally, this methodology allows me to answer the question of whether there are 

differences in face perception between school-age children and adults and if these 

differences are related to categorical fit.  As previously stated, the inability of 8-year-olds 

to recognize subtle differences in facial alterations might be akin to recognizing the more 

subtle differences between low and medium attractive faces as well as between medium 



 17 

and high attractive faces.  Thus, 8-year-olds response speed and affective response to 

faces may show a different pattern than that of adults.  The answer to these questions 

would allow future research to identify developmental mechanisms that connect the 

perceptual discrimination of facial stimuli to the full-blown stereotype of prejudice and 

differential treatment.  

METHOD 

Participants 

I recruited 63 adults and 53 eight-year-olds for this study.  To be included in the 

final sample, participants were required to correctly identify over 90% of the stimuli in 

each of the stimulus type reaction-time tasks (see Procedure for more details).  

Furthermore, I did not include participant data in any analyses from experimental 

sessions with equipment failure (n = 15) or experimenter error (n = 4).  I also excluded 

the data of participants who were off-task (n = 8), did not finish the entire study (n = 3), 

or were left-handed (n = 8).  As such, the initial data analyses included 44 adults (16 

male; Mage = 19.40 years)3 and 33 eight-year-olds (15 male; Mage = 8.30 years).  Note, 

however, that the final analyses were performed on 61 participants (28 adults, 9 male; 33 

eight-year-olds, 15 male).  For an explanation of the reduction of adult participants, 

please see the Results section.   

Stimuli 

FACES 

Facial stimuli consisted of 17 human females (including one 32-face female 

composite), 17 chimpanzees (including one 32-face chimp composite), and 9 chimp-
                                                
3 The participant sex disparity reflects the current trend of female dominated introductory psychology 
courses. 
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human morphed faces weighted in 10% increments ranging from 10%-chimp/90%-

human to 90%-chimp/10% human (see Figure 1).  Because simian morphs enhance the 

masculinity of a face by emphasizing jaw width and brow size, there may be more of a 

categorical distinction between female faces and chimps than male faces and chimps; 

thus, I included only female human faces.  I did not select chimpanzee faces based on sex 

because even primate researchers have difficulty sexing chimps on facial cues alone (H. 

D. Freeman, personal communication, October 1, 2008). 

Figure 1.  Examples of Chimp-Human Faces 

 

DOT PATTERNS 

To create two types of dot patterns, I randomly assigned eight dots each to non-

overlapping locations on two 30 x 30 Cartesian planes.  These first two patterns (called 

“Acks” and “Blubs”; see Figure 2) served as prototypes.  I created forty additional dot 

patterns of each type by distorting the prototype to four varying levels.  In the first level 

of distortion, each dot within an Ack or a Blub had a 75% chance of remaining in its 

prototypical location; a 15% chance of moving to one of the eight concentric cells 

adjacent to the prototypical location (Level 1); a 5% chance of moving to one of the 16 

cells beyond the previous distortion (Level 2); a 3% chance of moving to one of the 24 

cells beyond a Level 2 distortion (Level 3); and a 2% chance of moving to one of the 32 
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cells beyond a Level 3 distortion (Level 4).  The dot pattern generation formulae are 

taken from previous dot pattern studies (e.g., Posner, Goldsmith, & Welton, Jr., 1967; 

Winkielman et al., 2006) and reproduced in Table 1.  To create “morphs” of Acks and 

Blubs, I identified dot pairs across both pattern types with the smallest total residual.  

After obtaining the distance between each pair of points, I shifted the dot positions from a 

prototypical Ack toward a prototypical Blub along the calculated linear trajectories in 

10% increments to create 9 new patterns (see Figure 3).  

Figure 2. (a) An example of a prototypical “Ack” (left); (b) An example of a prototypical 
“Blub” (right).  Both types of dot pattern were randomly generated on a 30 x 
30 grid using the statistical software, R. 
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Table 1.  

Dot Pattern Generation Formulae                                   

    Probability of individual dot movement 

             Level of distortion   

Level of distortion % of no movement    1   2   3   4  

1    .75   .15 .05 .03 .02 

2    .36   .48 .06 .05 .05 

3    .00   .40 .32 .15 .13 

4    .00   .24 .16 .30 .30 
 

Figure 3. From left to right: a. 10%-Ack/90%-Blub; b. 30%-Ack/70%-Blub; c. 50%-
Ack/50%-Blub; d. 70%-Ack/30%-Blub; e. 90%-Ack/10%-Blub. 

 

 

Procedure 

ATTRACTIVENESS AND TYPICALITY RATING SESSIONS 

Prior to the main study procedure, separate groups of undergraduate students rated 

face and dot stimuli for attractiveness on a 7-point scale.  Another group of students rated 

the same stimuli for typicality.  Superlab 4.0.8 presented each stimulus for at least 5 s 

within blocks of stimulus type—faces, then dots—on a large screen in a classroom.  To 
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eliminate the possibility that ratings of previously shown stimuli would influence 

subsequent stimuli, we randomized the stimuli order within the stimulus-type blocks 

across rating sessions.  Each rating session had at least four participants.  Table 2 

summarizes the results of these ratings sessions.  Note that the inter-rater agreement was 

lowest for participants rating dot attractiveness.  In fact, several raters told us that, as 

opposed to faces, this task was not intuitive and half of the initial group of raters was 

eliminated due to lack of agreement.  Despite this fact, agreement remained marginal. 

Table 2. 

Stimuli Attribute Rater Agreement                                                         

Task          n          Adj n*   α 

Face Attractiveness       33            33            .94 

Face Typicality       53            45            .95 

Dot Attractiveness       31            14            .69 

Dot Typicality        39            31            .89 

*Note. Adj n reflects the number of participants who did not deviate from the task.  

 

AFFECTIVE AND RT DATA COLLECTION 

Participants sat 1.5 m away from a monitor.  We attached Ag/AgCl surface 

electrodes to their left corrugator supercilli (CS; furrows brow; correlated with bipolar 

affect: less CS activation is interpreted as less liking/more disliking; alternatively—or in 

addition to—more CS activation is interpreted as more liking/less disliking), zygomaticus 

major (ZM; pulls mouth corner into a smile; correlated with positive affect), levator labii 

(LLS; lifts upper lip into a sneer; correlated with disgust), and orbicularis oculi (OO; 
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pulls upper eyelid down; a measure of eye-blink artifact; see Fridlund & Cacioppo, 1986 

for electrode placement).  We showed participants two blocks of visual stimuli.  For half 

the participants, we showed the 43 facial images (humans, chimps, and morphs) in a 

random order.  Each stimulus event was shown for 2 s, preceded by a face-sized black dot 

for 2 s, and followed by a random ISI (white screen) of 4-8 s.  Half of the participants 

categorized the stimuli by pressing a key with their left index finger when a human 

appeared and a different key with their right index finger when a chimp appeared.  The 

hands used (left for human and right for chimp) were reversed for the other half of 

participants.  We told all participants beforehand that they would be viewing “images that 

were not clearly human or chimpanzee”; as such, participants made decisions to 

categorize images as either “more human” or “more chimp”.  Furthermore, all 

participants were instructed to be as quick and as accurate as possible.  After categorizing 

each image, participants viewed a red stop sign and waited for further instructions.   

We next trained participants to identify Ack and Blub dot-pattern stimuli.  At their 

own pace, participants viewed 20 Acks and 20 Blubs one at a time with their category 

name labeled in the bottom left-hand corner.  After viewing the 40th training pattern, the 

test phase began.  As with faces, participants classified dot patterns into two categories by 

pressing a key with their left index finger when an Ack appeared and a different key with 

their right index finger when a Blub appeared.  Again, the hands used were reversed for 

half the participants.  In addition, the order of the stimulus-type block (faces then dots) 

was reversed for half of the participants.  Upon the conclusion of the second image block, 

we disconnected participants from the EMG hardware.  
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Data Treatment 

A Biopac MP150 acquisition system with shielded bipolar leads recorded 

physiological data.  Signals were amplified 5,000x with a 10-Hz high-pass filter, 

digitized at 1,000 Hz.  We recorded digital images of each participant to identify and 

discard movement artifacts (e.g., sneezes).  We recorded both RT (defined as the 

difference between the stimulus onset and a correct button response via Superlab 4.0.8) 

and facial EMG response (recorded via AcqKnowledge 3.9) throughout the study.  The 

index of EMG activity was the root-mean squared activity of the 2 s stimulus event, 

minus 2 s of the baseline stimulus (the face-sized black dot immediately preceding each 

stimulus event).  I removed RT data associated with incorrect responses (e.g., identifies a 

chimp as a human) from all analyses.4  Due to their extreme positive skew, and following 

psychophysiological conventions, I log-transformed all affective variables.  

Data Analyses 

To best answer this study’s research questions, in separate analyses I treated 

attractiveness as a continuous variable—to examine the general relationships between 

variables—and a categorical variable divided into groups of low, medium, and high 

attractive—to examine whether unattractive faces are quantitatively distinct from 

medium and high attractive faces.  Most analyses described below rely on hierarchical 

linear modeling (HLM) to examine the relationships between attractiveness/typicality, 

RT, affective response, stimulus type, and participant age.  Like ordinary least squares 

regression, HLM can detect the overall effects of predictors on a dependent variable; 

however, it is also capable of modeling individual variation between levels (in this case, 

                                                
4 There was no incorrect response for morphed stimuli. 
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participants) using random slopes and intercepts.  In the event that there is significant 

between-participant variation, I report the intraclass correlation coefficient (ρ).  

RESULTS 

Replication of Previous Studies 

I began the main data analyses by examining whether the collected data 

confirmed previous findings showing that RT is negatively related to judgments of facial 

categorical fit and attractiveness. Two separate hierarchical linear analyses revealed that 

both typicality (β = -83.18, t[2,339] = -13.20, p < .001; Equation A1) and attractiveness 

(β = -21.91, t[2,339] = -2.87, p = .004; Equation A2) were negatively related to RT: As 

faces became more typical/attractive, RT decreased.  

Upon dividing facial attractiveness into three categories (low, medium, and high), 

an additional HLM analysis found that RTs to low attractive faces were significantly 

slower compared to both medium and high attractive faces (tβ0[2,338] = 36.91, tmed[2,338] 

= -4.96, thigh[2,338] = -5.25, p < .001; see Figure 4).5  The variability between participants 

was significant (ρ = .35; i.e., 35% of the total variance was due to differences between 

participants).  Note that an addition analysis found that the difference between medium 

and high attractive faces was not significant (t = 0.12, p = .90).  I repeated this analysis to 

compare these RT differences across faces that differed in typicality naturally (i.e., 

human faces) to those that had been created to vary in categorical fitness (i.e., human-

chimp morphs).  These models showed a different pattern of results in adults. Whereas an 

HLM analysis revealed that morphed faces differed in RT across groups of 0%-10% 

human, 20%-30% human, and 40%-50% human (tβ0[127] = 25.36, t20/30[127] = -3.53, 

                                                
5 Note that the t-value of β0 denotes the low attractive group. The subscripts for additional t-values denote 
the comparison group. 
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t40/50[127] = -5.53, p < .001), naturally varying medium typical faces did not differ from 

low (tlow[865] = 1.39, p = .16) or high typical faces (thigh[865] = -1.11, p = .27) although 

low and high attractive human faces were significantly different (thigh[865] = -2.08, p = 

.04); see Figure 5).  Although this finding was not significant in children, they 

nevertheless support the supposition that less attractive human faces are reacted to as 

poor fits for their category. 

Figure 4.  Adults (a) and children (b) react to low attractive faces significantly slower 
than medium and high attractive faces. 

(a) (b)  

In addition, I examined whether attractiveness ratings predicted affective 

response.  There was no significant relationship between these variables across the full 

range of attractiveness ratings; however, after collapsing the attractiveness variable into 

three groups—low, medium, and high attractive faces—an HLM analysis revealed a 

negative relationship between LLS activity (disgust response) and judgments of facial 

attractiveness that leaned toward significance (tβ0[3,055] = 2,304.37, thigh[3,055] = -1.43, p 

= .15) for all participants.  Although there were no significant relationships between 

attractiveness ratings and CS or ZM activity across all participants, examining only the 

adult data found a marginally significant relationship between attractiveness and ZM 

activity (tβ0[1,771] = 30.89, thigh[1,771] = 1.80, p = .07) and a relationship that leaned 
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toward significance between attractiveness and CS (tβ0[1,772] = 716.80, thigh[1,772] = -

1.43, p = .15; see Equations A3-A5 & Figure 6).  Note that in all three dependent 

variables the largest differences were between high versus medium/low attractive faces 

rather than low versus medium/high, suggesting, unlike the RT results, a beauty-is-good 

pattern of results.  

Figure 5.  Typicality judgments influence RT for morphed faces and non-morphed 
human faces. 

 

Because being unable to obtain significant relationships between affect and 

attractiveness ratings was surprising, I examined whether stimuli differences between the 

current study and Principe and Langlois (2011) might explain this incongruence.  For 

example, unlike the current study, Principe and Langlois (2011) included both male and 

female faces.  Although ratings of attractiveness did not interact with the sex of stimuli, a 

reexamination of these data showed that male faces elicited significantly more LLS 

activity compared to female faces (β = 2.30*10-3, t = 2.41, p = .02).  Furthermore, 

previous research suggests that male faces are a more variable facial category than female 

faces (Ramsey, Langlois, & Marti, 2005).  Indeed, of the faces included in Principe and 

Langlois (2011), the two faces that elicited the highest and lowest mean LLS scores were 
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both male.  Thus, including only female faces may not have provided the necessary 

stimuli variance to obtain significant results.   

Figure 6. As faces become more attractive, LLS activity (disgust; a) and CS activity 
(negative affect; b) marginally decrease, whereas ZM activity (positive 
affect; c) marginally increases. 

(a) (b) (c)  

Thus far, these results replicate previous findings showing that judgments of 

attractiveness and categorical fit predict reaction time to stimuli but only partially 

replicate the finding that these judgments also predict affective response.  According to 

perceptual fluency theory, however, physiological affect—specifically positive affect—is 

generated from the faster cognitive processing of more typical stimuli. 

The Relationship Between RT and Physiological Affect—Full Dataset 

An HLM analysis did not find a relationship between physiological affect and RT, 

with or without controlling for typicality, attractiveness, or both.  One aspect of the data 

that may have prevented such a relationship from emerging is the great amount of 
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between-subject variability in response time.  The overall range in RT scores was from 

258 ms to 1,994 ms.  However, no participant displayed this full range within their own 

responses: The average range of RT response within participants was only 1,254.52 ms, 

with some participants responding compactly within a range of 635 ms.  Given that this 

effect was apparent only in the means suggests that an unmeasured participant variable is 

driving this effect.  One possibility is that cognitive processing speed and affective 

positivity are associated traits in people: In other words, faster people may be more 

positive people.  There is some evidence to support this notion.  After taking the average 

RT response of each adult participant, I conducted a median split to create two groups: 

fast-responding adults and slow-responding adults.  Although non-significant, an 

independent-samples t-test revealed a mean difference such that the faster adults had 

higher ZM activity across all stimuli compared to the slower adults (t[25] = -1.32, p =.20, 

d = 0.43).  Despite this result, however, RT to stimuli did not account for ZM activity, 

even after accounting for participant speed. 

Interestingly, I did find that participant speed was correlated with the time of day 

that the study began (r =-.23, p < .001).  Specifically, although adult participants who 

volunteered at 3pm or later were significantly faster than those who participated earlier in 

the day, they did not show significant relationships among any of the dependent or 

independent variables.  These participants may have been less engaged after a full day of 

class.  Alternatively, because this data pattern was found only for adults (and not for 

participants who had spent even longer periods of time in the 3rd grade), late 

adolescent/early adulthood circadian rhythms may have influenced my results.  For 

example, much research has shown that young adult cognitive functioning (e.g., memory 

and attention) peaks during the late afternoon and evening (May, 1999; May & Hasher, 

1998).  However, previous research has also shown that affective tasks such as emotion 
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regulation negatively affect cognitive performance (e.g., Richards & Gross, 1999; 2000).  

It is possible that the reverse is true and that focusing on a cognitive task (categorization 

and RT) hinders emotional processes.  Note, however, that because time of day was not a 

randomly assigned variable, I cannot conclude that some other unmeasured participant 

variable does not account for both faster response time and the reason that these 

participants volunteered for later in the day.  Furthermore, with the exception of faster 

reaction times, there was no discernable pattern in these participants’ data.  For the sake 

of this study, I proceeded to use only the data of the 28 adults who participated prior to 

3pm and the 33 children who successfully completed the study regardless of time of 

participation.  Although removing these participants from the dataset increased the level 

of significance between RT and other variables, the predicted directions of, and 

relationships between, variables were not significantly altered. 

The Relationship Between RT and Physiological Affect—Before 3pm 

ZM ACTIVITY 

In keeping with perceptual fluency theory, as latencies increased, positive affect 

decreased for facial stimuli (β = 1.70*10-6, t[2,338] = -2.24, p = .03; Equation A6).  There 

was significant variability in the intercept (ρ = .06), meaning that 6% of the variance in 

ZM activity is attributable to differences between participants. 

LLS ACTIVITY 

Interestingly, an HLM analysis also revealed a relationship between RT and LLS 

activity.  Although no theory explicitly states that processing speed is associated with 

disgust response, I found that as RT latencies increased, so did LLS activity (β = 2.20*10-

6, t[2,339] = 3.11, p = .002; Equation A7).  Thus, the longer participants took to 

categorize a face, the more disgust that face elicited.  Like the relationship between RT 
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and ZM activity, there was significant variability in the intercept (ρ = .04), meaning that 

4% of the variance in the data is attributable to differences between participants.  

CS ACTIVITY 

There was no significant relationship between CS activity and RT. 

Reaction Time and Affect Across Age and Stimulus Type 

REACTION TIME 

An HLM analysis tested whether the relationship between attractiveness and RT 

varied across participant age and stimulus type.  I found both attractiveness by stimulus 

type and age group by stimulus type interactions (see Figures 7a and b).  Regarding the 

former interaction, as both faces and dot patterns are rated as more attractive, RT 

decreases; however, the rate of decrease is significantly steeper for dot patterns (β = -

65.93, t[3,982] = -2.70, p = .007; Equation A8).  Regarding the latter interaction, both 

children and adults took longer to classify dots than faces; however, the disparity between 

RTs was significantly greater for children (β = -57.35, t[3,982] = -3.96, p < .001).  Not 

surprisingly, there was significant variability in the intercept, suggesting variability in RT 

across participants (ρ = .36), but also significant variability in the attractiveness slope, 

meaning that the relationship between attractiveness and RT varied across participants (ρ 

= .02).  This latter result may be due to individual differences in attractiveness 

preferences.  
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Figure 7.  (a) RT decreases at different rates across attractiveness depending on stimulus 
type; (b) Dot patterns took longer to process than faces, especially for 
children.  

(a) (b)  

LLS ACTIVITY 

Another HLM analysis tested whether LLS response varied across participant age 

and stimulus type.  I found stimulus type by RT and stimulus type by age two-way 

interactions.  Regarding the former interaction, LLS activity increased as RT latencies 

increased for both dots and faces, however, the rate of increase was significantly steeper 

for dots (β = 2.50*10-6, t[3,982] = 2.21, p = .03; see Figure 8a).  Regarding the latter 

interaction, although 8-year-old participants showed no significant differences between 

LLS response to dots and faces, adults showed significantly less LLS activity to facial 

stimuli (β = -2.14*10-3, t[3,982] = 2.64, p = .008; see Figure 8b, Equation A9).  There 

was significant variability in the intercept (ρ = .03), meaning that 3% of the variance in 

the data is attributable to differences between participants. 
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Figure 8.  As stimuli take longer to categorize, they evoke more LLS activity. This effect 
is strong in dot patterns (a). Eight-year olds show a similar amount of LLS 
activity to both stimulus types, whereas adults show significantly less LLS 
activity for disgust (b).  

(a) (b)  

ZM ACTIVITY 

An HLM analysis testing whether participant age and stimulus type influenced 

ZM activity revealed three 2-way interactions.  First, I found a two-way interaction of 

attractiveness and RT such that the overall negative linear relationship between RT and 

ZM varied with level of attractiveness (β = 1.60*10-6, t[3,979] = -3.01, p = .003; see 

Figure 9a).  Second, the relationship between ZM and RT also differed as a function of 

age such that, although both adults and 8-year-olds showed the expected negative trend, 

the relationship was much steeper in children (β = 3.50*10-6, t[3,979] = -3.03, p = .002; 

see Figure 9b).  Finally, there was a two-way interaction between stimulus type and age 

group.  Like the results for LLS, 8-year-olds showed no differences in ZM activity across 

faces and dots; however, adults showed significantly more ZM activity to faces compared 

to dots (β = -1.61*10-3, t[3,979] = -2.15, p = .03; Figure 9c, Equation A10).  Again, there  
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Figure 9. The relationship between ZM activity and RT depends (a) on level of 
attractiveness (lines represent the mean [medium attractive] and ± 1 SD of 
stimuli attractiveness) and (b) participant age. Adults show differential ZM 
responses between dots and faces, whereas children do not (c).  

(a) (b)  

(c)  

was a significant variability in the  intercept, suggesting variability in RT across 

participants (ρ = .25), but also a significant variability in the  attractiveness slope, 

meaning that the relationship between attractiveness and RT varied across participants (ρ 

= .01).  This latter result may be due to individual differences in attractiveness 

preferences. 

CS ACTIVITY 

An HLM analysis with variability in the intercept revealed that an interaction of 

attractiveness and age group predicted CS activity.  As faces and dots became more 
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attractive, adult CS activity decreased whereas 8-year-old CS activity did not (β = -

1.35*10-3, t[3,984] = -2.02, p = .04; ρ = .31; Equation A11; Figure 10a).  However, when 

a significant slope of attractiveness was accounted for, the fixed affects of attractiveness 

by age disappeared.  In other words, when the variation in the relationship between CS 

activity and attractiveness ratings across participants (ρ = .01) was controlled, there was 

no longer an overall effect.  Figure 10b shows the relationship between CS activity and 

attractiveness ratings across a random sample of 16 participants.  Clearly, the relationship 

between these variables is not consistent among participants.  

Attractiveness Versus Typicality 

As previously mentioned, judgments of attractiveness and typicality were highly 

correlated over all stimuli, which corroborates past research asserting that people prefer 

typical category members.  However, a high correlation should not be taken as a one-to-

one relationship.  For example, Figures 11a and 11b show the relationship between 

typicality and attractiveness in either facial or dot pattern stimuli.  Although the 

relationship between typicality and attractiveness shows a linear trend in dot patterns (r = 

.60), it appears as though typicality and attractiveness share a nonlinear relationship for 

faces.  Likewise, Figure 11c demonstrates that although a linear regression accounts for 

R2 = .40 of the variance between attractiveness and typicality within faces, a logarithmic 

transform of the predictor variable accounts for R2 = .43 (Figure 11d).  Although a 3% 

increase in the variance accounted for is marginal, the distribution of data nonetheless 

suggests that unattractive faces are not only quantitatively different from medium and 

high attractive faces (i.e., they have high response latencies) but also are qualitatively 

different (i.e., low attractive faces are atypical, whereas both medium and high attractive 

faces are typical).  
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Figure 10.  Although there are differences in CS activity across age groups (a), these 
differences are not significant when the variability in the relationship 
between CS activity and attractiveness is modeled across participants (b).  

(a)  

(b) 
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Figure 11.  The relationship between attractiveness and typicality in faces (a) and dots 
(b). Although a linear slope predicts 40% of the relationship between these 
variables (c), a logarithmic slop predicts 43% (d).   

 

Interestingly, when combined into the same model (i.e., RT ~ Typical + 

Attractive), controlling for typicality reversed the relationship between attractiveness and 

RT such that RT latencies increased as faces became more attractive (β = 77.00, t[3,984] 

= 11.66, p < .001).  Thus, putting aside typicality effects, the most attractive faces were 

viewed for the longest amount of time.  This finding is repeated in Figure 9a. Note that 
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controlling for attractiveness did not fundamentally change the relationship between RT 

and typicality (β = -99.95, t[3,984] = -15.04, p < .001).  Thus, although judgments of 

attractiveness and typicality are highly correlated, attractiveness and typicality may 

reflect different qualities in faces.   

DISCUSSION 

Are Unattractive Faces Processed as Less Humanlike?  

REACTION TIME EVIDENCE 

The results of this study support the hypothesis that less attractive faces are 

quantitatively different from medium and high attractive faces.  As shown in Figure 4, 

adults and—to a smaller degree—8-year-olds took significantly longer to categorize less 

attractive human faces as faces than either medium or high attractive faces. There was no 

significant difference between RT to medium versus high attractive faces.   

When categorizing faces that varied across human and chimp categories, 

participants demonstrated a clear linear trend such that as faces became less humanlike, 

their RTs increased.  Thus, if RTs increase as categorical exemplars move away from 

their central tendency, and unattractive faces elicit significantly slower RTs compared to 

other types of faces, unattractive faces may indeed be processed as less humanlike.  This 

supposition may have critical implications for real-world social behaviors.  For example, 

if less attractive people are unconsciously treated as less human, they may be especially 

at risk for social and vocational discrimination.  

AFFECTIVE EVIDENCE 

Previous research has shown that less attractive people are judged to be less 

intelligent, altruistic, and sociable (Griffin & Langlois, 2006) and evoke more negative 

and less positive affect compared to medium or high attractive faces (Principe & 
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Langlois, 2011).  The current study marginally replicated these findings (see Figure 6), 

however, the results were not significant.  As previously mentioned, one explanation for 

this lack of consensus is that the current study used only female faces as opposed to both 

male and female faces.  In hindsight, we discovered that male faces evoked physiological 

responses of greater variability and magnitude and drove the effect in the previous study.  

Ironically, because Principe and Langlois (in press) discovered that there was a 

participant sex by stimuli sex interaction using an EMG methodology, I chose to include 

only female faces to avoid interaction effects; however, as a result of the current gender 

trend in psychology courses, the recent undergraduate pool of study volunteers was 

approximately 80% female. Thus, I collected a sample of participants that was 

predominately female (with some males) who viewed a stimuli set that was 

predominately female (with some chimps), which might have diminished the probability 

of finding a significant effect.  Again, however, note that the results are in the expected 

direction: negative affect decreases and positive affect increases as faces become more 

attractive.  Interestingly, medium attractive faces elicited greater differences from high 

attractive faces compared to low attractive faces for LLS and ZM muscles suggestive of a 

beauty-is-good effect.  Although this trend does not match the RT data, these effects 

should be replicated with male faces before concluding that there is a different pattern of 

results between physiological affect and RT with regard to faces differing in 

attractiveness.  Future studies should also account for sex at stimuli and participant 

levels.  

Does RT predict affective response?  

The crux of the hedonic perceptual fluency argument is that faster processing 

elicits positive affective responses.  In the first study to simultaneously record RT with 
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measures of physiological response, an HLM analysis revealed a relationship between 

ZM activity (positive affect) and RT.  As faces become more attractive, RT decreases.  

Although not explicitly predicted by perceptual fluency theory, an HLM analysis also 

found that LLS activity (disgust) increased as RT latencies increased.  Because these 

findings occurred across stimulus type, they suggest that the disgust responses elicited by 

unattractive faces may be the result of cognitive processing and not a natural aversion to 

stimuli with low mate value.  Thus, this study provides additional support for the theory 

that facial preferences are due to a general information processing mechanism compared 

to a domain-specific mate-selection mechanism.  Although it seems unusual that dot 

stimuli elicited more disgust in general than facial stimuli, this finding may also be the 

result of using female stimuli with predominantly female participants (see above).  In 

other words, perhaps the choice to use only female faces limited emotional response, 

whereas—because dot patterns are a novel category—their full range evoked a stronger 

response.  This supposition is also supported by the findings shown in Figures 7a and 8a.  

There were stronger relationships between RT and attractiveness and LLS activity and 

RT for dot patterns and not faces.  Additional studies are needed to examine the 

connection between stimuli range and emotional response.  

Are There Developmental Differences in Facial Stimuli Processing?  

Although adults and children agree on who is and is not attractive, this study 

suggests that there are subtle differences in how faces of varying levels of attractiveness 

are processed between 8-year-olds and adults.  First, note that although adults and 

children show a similar pattern of results in Figure 4 such that unattractive faces elicit 

slower RTs compared to both medium and high attractive faces, the magnitude of this 

difference is much greater in adults.  This result suggests that facial processing—
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although similar—is not as rigid in 8-year-olds compared to adults, and implies that 

although infants process faces with ease, facial expertise continues to develop across 

childhood.  Future research should examine other age ranges to better understand the 

development of face processing.  

Second, note that although children typically express much larger physiological 

responses to stimuli compared to adults in general, this was not the case for ZM activity 

to faces.  The interaction of stimulus type and age group for both ZM and LLS activity 

(see Figures 8b & 9c) suggests the possibility that facial attractiveness is more salient 

than dot pattern attractiveness for adults compared to prepubescent participants.  

Considering that a previous EMG study discovered that the sex of a facial image interacts 

with the sex of the participant (Principe & Langlois, in press), we cannot rule out the 

possibility that some level of sexual selection affects LLS and ZM activity.  

The Relationship Between Typicality and Attractiveness 

Lastly, although typicality and attractiveness often are treated as synonymous in 

the facial attractiveness literature, we found evidence that suggests that these variables 

are neither identical nor orthogonal.  For example, when controlling for typicality, the 

relationship between attractiveness and RT reversed itself such that adult and child 

participants spent more time looking at high attractive faces.  This result suggests that 

when typicality explanations for facial preferences are accounted for, participants linger 

on attractive faces perhaps because of affective preferences.  The findings shown in 

Figure 9a also support this supposition:  As perceptual fluency theory predicts, people 

have less positive affect the more time they spend trying to identify low attractive faces; 

however, they elicit more positive affect and spend more time on high attractive faces.   
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Furthermore, the finding that the relationship between attractiveness and 

typicality is best described as logarithmic may have important consequences, especially 

for unattractive facial stimuli.  For example, rather than low, medium, and high attractive 

faces being equivalent to low, medium, and high typical faces, it appears that medium 

attractive, like high attractive faces, are high typical faces.  The apparent result of this 

classification is that unattractive faces are reacted to significantly more slowly and 

(perhaps) evoke more negative affect compared to medium and high attractive faces.  

Moreover, this finding may explain why both adults and children judge unattractive 

people as significantly less intelligent, sociable, and altruistic compared to both medium 

and high attractive people (Griffin & Langlois, 2006).  The fact that this pattern of 

findings in human female faces is analogous to the patterns discovered in the morphed 

faces suggests that people judge unattractive faces not only as less typical but also less 

human.   

Limitations and Strengths 

This dissertation has some limitations.  One such limitation, inherent to all facial 

EMG studies, is that facial muscle activation was taken as an indication of affective 

evaluation.  Thus, I cannot be certain (for example) whether atypical faces caused more 

disgust compared to typical faces, only that they elicited more LLS muscle activity, a 

known correlate of disgust response.  One solution might have been to have participants 

rate their disgust response in a separate session following the RT task; however, previous 

research shows that prior exposure to faces influences subsequent evaluative judgments 

(e.g., Harmon-Jones & Allen, 2001).  Future studies should explicitly evaluate disgust.  

Moreover, LLS activation is also correlated with anger responses (Vrana, 1993).  

However, because we have no theoretical reason to believe faces (or dot patterns) should 



 42 

elicit more or less anger based on changes in typicality, it is likely that—in the case of 

this study—LLS response is an indicator of disgust.  

Another limitation may have been the choice to use all female stimuli, possibly 

resulting in only a marginal replication of my previous research on affective responses to 

human faces.  Although I chose female faces because they are less simian and more likely 

to provide a firmer categorical distinction between chimpanzees and humans, male faces 

are more variable (see Ramsey et al., 2005 for a discussion of male versus female faces) 

and provide a wider range of natural atypicality.  Finally, dot patterns may not have been 

ideal stimuli to use as “non-facelike” because people are able to recognize familiar 

shapes and pattern within dot patterns, whereas stimuli that do not evoke other stimuli 

(e.g., contrast gratings) would have provided a better control.  Nevertheless, I am 

satisfied that all participants perceived faces and dots patterns as different.  

This study does have several strengths, however.  First of all, it not only 

replicated previous findings showing that attractiveness predicts RT, but extended these 

findings by including medium attractive faces to demonstrate that, rather than the 

assumed linear relationship between low to medium to high attractive faces, cognitive 

and affective processes behave in an “ugly is bad” way such that unattractive faces are 

quantitatively different from other faces.  Secondly, this study provides evidence showing 

that the emotional and cognitive processes involved in faces and non-face items are 

similar across different levels of attractiveness.  Finally, this study corroborates previous 

work that suggests that, although children and adults agree on who is attractive and who 

is not, there are subtle differences in face perception.  
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Summary 

People use physical appearance to infer the social attributes of others.  Although 

the common assumption of the attractiveness literature is that the most attractive people 

receive societal benefits (i.e., “Beauty is Good”), this dissertation suggests that 

unattractive people may be at particular risk for prejudice and discrimination.  Mate-

selection theory (a domain-specific mechanism) argues that perceptions of health and 

wellness account for disliking of unattractive faces; however, more recent evidence 

supports domain-general information processing theories, such as hedonic perceptual 

fluency theory, which argue that stimuli characteristics evoke differential processing 

speeds, which in turn elicit physiological affect.  Moreover, in many cases, responses to 

non-face stimuli (dot patterns), elicited similar RT and affective patterns as faces, further 

supporting the theory that faces are processed in a manner similar to other objects (i.e., 

faces are not “special” stimuli).  Finally, compared to adults, children showed similar RT 

patterns to faces and affective patterns to dots; however, children also showed differential 

affective responses to faces.  These findings suggest that experience helps to create and 

extend preferences for faces and perhaps the behaviors associated with differences in 

attractiveness.   

Future Directions 

This dissertation provides a wealth of potential pathways for research.  One line 

of research is to investigate the possibility that the late afternoon, thought to be a peak 

time for cognitive processing in young adults, affects emotional response.  If this result is 

replicated in future studies, it may be the first step toward demonstrating that the 

interrelatedness of cognition and emotion varies throughout the day.  
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Perhaps the largest weakness of this study was its inability to replicate results 

demonstrating a relationship between facial attractiveness and affective response.  

Because, as previously mentioned, the choice to use only female stimuli may have 

directly obscured a significant results, this study should be replicated with male faces.  

Furthermore, if that study were to replicate previous results, it would also be able to test 

whether RT mediates the relationship between judgments of attractiveness and 

physiological response (see Pituch & Stapleton, in press, for a hierarchical mediation 

analyses).  

A growing body of research suggests that school-age children process faces in 

similar but subtly disparate ways compared to adults.  If child preferences are more 

malleable than adult preferences, potential interventions focusing on reducing 

discriminatory treatment directed at unattractive people might have more success in 

children.  Furthermore, research should investigate whether EMG activity can be used as 

a measure of sexual preference.  

Finally, although processing speed, judgments of typicality, and attractiveness 

influence emotional response to faces, whether these mechanisms directly or indirectly 

affect social behaviors (including discrimination) is unclear.  Thus, future research should 

be directed toward connecting these comparatively simple mechanisms to complex 

behaviors in the real world.   
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Appendix  

HLM Equations 

RT = β0 + β1*Typical + r                         (1) 

RT = β0 + β1*Attractive + r                         (2) 

LLS (disgust) = β0 + β1*Attractiveness Group + r                      (3) 

ZM (positive affect) = β0 + β1*Attractive Group + β2*LLS + r**                    (4) 

CS (negative affect) = β0 + β1*Attractive Group + r                      (5) 

ZM = β0 + β1*RT + β2*LLS + u0 + ε††                       (6) 

LLS = β0 + β1*RT + u0 + ε                          (7) 

RT = β0 + β1*Attractiveness + β2*Stimulus Type + β3*Age + β4*Attractive* 

Stimulus Type + β5*Stimulus Type*Age + u0 + u1 + ε                    (8) 

LLS = β0 + β1*Stimulus Type + β2*Age + β3*RT + β4*Stimulus Type*Age + 

β5*Stimulus Type*RT + u0 + ε                         (9) 

ZM = β0 + β1*LLS + β2*Attractive + β3*Stimulus Type + β4*Age + β5*RT + β6* 

Stimulus Type*Age + β7*Attractive*RT + β8*Age*RT + u0 + u1 + ε**                  (10) 

CS = β0 + β1*Attractiveness + β2*Age + β4*Attractive*Age + u0 + ε              (11) 

 

 
  

                                                
††Note. Because the LLS muscle is more active (perhaps to a negativity bias), it may interfere with ZM 
activity. Thus, in keeping with past EMG research (see Principe & Langlois, 2011), we statistically 
controlled for the effect of LLS on ZM.  
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