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Thesis Summary

Despite the cautionary reminder to never “judge a book by its cover”, we regularly judge
others based upon their facial appearance. Far from meaning that we are all terribly judgmental,
these trait impressions occur automatically. Even though they are often not accurate, the trait
judgments that we make about others can influence our own decision making. The candidate
with the more “competent” face wins approximately 70% of national elections, and criminals
with “untrustworthy” faces receive longer prison sentences for the same crimes than those with
“trustworthy” faces.

Trait impressions have been the focus of research in the field of social perception since the
earliest days of experimental psychology. While these studies have undoubtedly improved our
understanding of the way that trait judgments are made from faces, the vast majority of these
studies have been conducted by presenting observers with a single face at a time. However, we
often meet people for the first time when they are surrounded by others, perhaps at a café or a
bar. Consequently, very little is known about the way we make trait impressions about an
individual face that is seen among a group of other faces. Within this thesis, I aimed to improve
our understanding of the way that the facial attractiveness and trustworthiness of an individual is
evaluated when they are seen among a group of other faces, compared to when they are seen
alone.

In the introduction to this thesis, I discuss the factors that influence the trustworthiness
judgments that are made from the face, as well as the characteristics of faces that are perceived
to be attractive. Then, I describe the way that the visual system processes complex visual scenes,
such as a group of faces, using a process called ensemble coding. Bringing together these lines of
research, I discuss “the cheerleader effect”, a phenomenon that is said to occur when the same
face is perceived to be more attractive in a group compared to alone.

The research in this thesis significantly advances our understanding of the cheerleader

effect. My findings show that all individuals are perceived to be approximately 1.5-2% more



attractive in a group than they are alone, regardless of how attractive they are, or how attractive
the other group members are. I also show that the cheerleader effect does not extend to
judgments of trustworthiness. Crucially, my findings are also inconsistent with the hierarchical
encoding mechanism that was initially proposed to cause the cheerleader effect, which was
related to the way that the visual system uses ensemble coding to summarise groups of faces.
Based on the results contained within this thesis, I offer an alternative explanation for the
cheerleader effect, which suggests that the effect might be related to the socially desirable
characteristics that are attributed to individuals in groups. In conclusion, my findings
demonstrate that social context reliably influences perceptions of facial attractiveness, and
suggests that the field of social perception must be expanded to consider the influence of social

context on the trait impressions that are made from the face.

vi



vii

Acknowledgements
Professor Mike Nicholls — Thank you for welcoming me into the Brain and Cognition
Lab. I have learned more from you about psychology, academia, watches and fine whisky, than I
could ever put into words. Thank you for your enthusiasm, encouragement, persistence and

honesty over the past four years. I will miss having lunch in the lab every day, at noon sharp.

Dr Nicole Thomas — I could not have imagined a better or more supportive supervisor.
From taking me to conferences, on lab visits, and everything in between, you have truly gone

above and beyond. I feel very lucky to have been your student. Thank you for everything.

The Brain and Cognition Laboratory — To the senior members of the lab, Dr Megan
Bartlett, Dr Owen Churches, Dr Oren Griffiths, Dr Scott Gwinn, and Dr Blake Lawrence. All of
you have gone out of your way to help me during my time in the lab. I am incredibly grateful to

have had such a fantastic team to work with, learn from, and look up to.

To my fellow PhDs, Ali, Ancret, Ellie, Liz, Nathan, Shannon, Sophie and Steph. I have
had the most fantastic four years as a member of the Brain and Cognition Lab, and that is
because of you. Your friendship provided endless amounts of joy and laughter, and for that I will
always be grateful. I could not imagine having done this without you. I will miss each of you

terribly.

Family — To Mum, Dad, and Ethan. I would not be the person I am today without your
love and support. Thank you for always encouraging me to pursue my goals, no matter how
crazy they might seem. This thesis would not have been possible without you. To Katie, Tara,
and Ian. Thank you for your kindness and support over these past years. Finally, to Jessica.

Thank you for your unconditional love, support, understanding, and truly endless patience.

I would also like to acknowledge the Australian Government for awarding me an

Australian Government Research Training Program Scholarship.



viil

Declaration
I certify that this thesis does not incorporate without acknowledgment any material
previously submitted for a degree or diploma in any university; and that, to the best of my
knowledge and belief, it does not contain any material previously published or written by another
person except where due reference is made in the text.

Research from this thesis has been published in the following peer-reviewed articles:

Carragher, D. J., Lawrence, B. J., Thomas, N. A., & Nicholls, M. E. R. (2018). Visuospatial
asymmetries do not modulate the cheerleader effect. Scentific Reports, 8(1), 2548, doi:
10.1038/s41598-018-20784-5

Carragher, D. J., Thomas, N. A.,; & Nicholls, M. E. (2017). Is trustworthiness lateralized in the
face? Evidence from a trust game. Laterality: Asymmetries of Body, Brain and Cognition, 20-38,
doi: 10.1080/1357650x.2017.1298120

Research from this thesis is currently under review at the following journals:

Carragher, D. J., Thomas, N. A.; Gwinn, O. S., & Nicholls, M. E. R. (Resubmitted). The
cheerleader effect occurs in the absence of hierarchical encoding. Journal of Experimental
Psychology: General.

Carragher, D. J., Thomas, N. A., & Nicholls, M. E. R. (Submitted). The dissociable influence of
group presence on evaluations of attractiveness and trustworthiness. The Quarterly Journal
of Excperimental Psychology.

Research from this thesis has been presented at the following conferences:

Carragher, D. J. 2018. First impressions: The curious case of The Cheerleader Effect. Presentation
delivered at the Higher Degree Research Conference, Flinders University, June 19™.

Carragher, D. J., Thomas, N. A., & Nicholls, M. E. R. 2018. I get more attractive with a little help from
my friends: Dual mechanisms nnderlie the cheerleader effect. Poster presented at the 18" meeting

of the Vision Sciences Society, Florida, U.S.A, May 18-23.



ix

Carragher, D. J., Thomas, N. A., & Nicholls, M. E. R. 2018. Why are faces more attractive in a group?
Multiple mechanisms underlie the cheerleader effect. Presentation delivered at the 44th
Experimental Psychology Conference, Hobart, Australia, April 4-7.

Carragher, D. J., Thomas, N. A., & Nicholls, M. E. R. 2017. I get more attractive with a little help from
my friends. Presentation delivered at the 44th Experimental Psychology Conference, Shoal
Bay, Newcastle, Australia, April 19-22.

Carragher, D. J., Churches, O., Thomas, N. A., & Nicholls, M. E. R. 2016. Turmn Either Cheek:
Trustworthiness is not lateralised in the human face. Poster presented at the 5th North Sea
Laterality Conference, Groningen, the Netherlands, September 1-3.

Research from this thesis has also been communicated in the following seminars:

Carragher, D. J. 2018. Why am 1 more attractive in a group? Understanding the mechanisms of the cheerleader
¢ffect. Invited presentation delivered to the Vision and Memory, and the Multisensory
Integration and Perception Labs, University of California, San Diego, May 15.

Carragher, D. J. 2018. Why am I more attractive with my friends? Understanding the cheerleader effect.
Invited presentation delivered to the Mind, Body and Cognition Colloquium, College of
Education, Psychology and Social Work, Flinders University, April 30.

Carragher, D. J. 2017. I get more attractive with a little help from my friends; Understanding the cheerleader
¢ffect. Invited presentation delivered to the School of Psychology, Victoria University of

Wellington, New Zealand, July 27.

Signed

Daniel J. Carragher



Author Note

I have used the pronoun “we” instead of “I”” when referring to the actions taken during
the course of research in each of the four experimental chapters contained within this thesis.
Although I have taken the primary role in conceptualising, designing, programming, conducting,
analysing and writing the experiments contained within this thesis, I have had valuable help from
the co-authors of each publication, who are listed at the start of each experimental chapter.
Therefore, the pronoun “we” appropriately conveys the collaborative nature of this work, and
the role of that all listed authors had in seeing each project through to completion. I have used
the pronouns “I” and “my” sparingly in the introduction and general discussion sections,
primarily when describing the outline of the thesis, or summarising the results of each
experimental chapter.

Finally, all four experimental chapters within this thesis have been published, or
submitted for publication, in their own right. As such, each chapter has been written to stand
alone as a unique publication. Although I have made every effort the avoid the unnecessary
repetition of ideas between chapters, the similar line of research carried through Chapters 4, 5

and 6 make some overlap between the content of these chapters unavoidable.



Chapter 1: First Impressions of Faces

1.1 Introduction Overview

Despite the remarkable breadth of research in the field of social perception, very little is
known about the way we make trait impressions for faces that are encountered in a social
context. The overarching aim of this thesis was to investigate the changes that occur to
judgments of facial attractiveness and trustworthiness when the same individual face is seen in a
group with other faces, compared to when they are seen alone. Specifically, my research sought
to extend our understanding of “#he cheerleader effect”, a little known phenomenon whereby the
same face is perceived to be more attractive in a group compared to alone (Walker & Vul, 2014).

The introduction to this thesis contains two chapters. To begin, Chapter 1 outlines the
importance of understanding the trait impressions that we make from faces, and discusses how
judgments of trustworthiness and attractiveness are made from facial appearance. Chapter 1
concludes by summarising the few existing investigations that have examined how the
attractiveness of an individual is evaluated in a group. Chapter 2 describes how the visual system
processes complex visual scenes, such as a group of faces, through a process known as ensemble
coding. Furthermore, Chapter 2 discusses the way that complex group scenes are stored in
memory, and how this process affects the way that individual items from the group are
remembered. Finally, I bring these two lines of research together to address the cheerleader

effect.



1.2 First Impressions

The face contains a remarkable amount of information about a person. From the face,
we can tell someone’s age, identity, gender, ethnicity and even the emotion they are feeling. But,
can we also tell their personality from their face? Aristotle’s Physiognomica, published around 300
BC, is the oldest surviving text that describes physiognomy, the art of judging character from the
face. These early physiognomic teachings were based upon attributing the perceived personality
characteristics of animals to the individuals whose appearance resembled that animal. Thus,
those who were fortunate enough to resemble a lion were seen to be courageous, whereas those
who were already unfortunate enough to resemble a cow, were thought to be lazy (Della Porta,
1586 as cited in Todorov, 2017). Despite initially sounding relatively trivial, there were serious
consequences to the popularity of physiognomy in the 19" century (Todorov, 2017). Cesare
Lombroso, the founder of criminal anthropology, believed that criminals could be identified by
the shape of their face, and offered his “expert” testimony in numerous criminal trials
(Oosterhof & Todorov, 2008). Physiognomy also came incredibly close to changing the course
of scientific discovery. Charles Darwin’s theory of evolution was based upon the observations he
made during his voyage to South America aboard The Beagle in 1831. However, Darwin was
neatly refused his place aboard The Beagle, because of the shape of his nose. According to
Darwin, the captain of the ship, a “disciple of Lavater.... doubted whether anyone with my nose
could possess sufficient energy and determination for the voyage” (p. 72, Darwin, 1973).

Although the idea that the shape of someone’s nose can tell us anything about their
personality might sound ridiculous today, other physiognomic beliefs remain surprisingly
common. Even recently, 75% of individuals surveyed indicated that it was possible to accurately
identify personality traits from the face (Hassin & Trope, 2000). Perhaps the belief that first
impressions are accurate endures because we are all so familiar with having made them. After all,
first impressions occur spontaneously (Engell, Haxby, & Todorov, 2007; Winston, Strange,

O'Doherty, & Dolan, 2002), and importantly, they influence our decision making and behaviour



towards others (Olivola, Funk, & Todorov, 2014; Rezlescu, Duchaine, Olivola, & Chater, 2012;
Wilson & Eckel, 2006). The winning candidate in national elections can be predicted by
judgments of facial competence (Antonakis & Dalgas, 2009; Ballew & Todorov, 2007; Todorov,
Mandisodza, Goren, & Hall, 2005), and judgments of facial trustworthiness predict the severity
of criminal sentences given to convicted felons (Porter, ten Brinke, & Gustaw, 2010; Wilson &
Rule, 2015, 2016). Of course, the ability to make these impressions rapidly would be remarkably
useful, if they were accurate (Olivola et al., 2014; Todorov, Olivola, Dotsch, & Mende-Siedlecki,
2015; Todorov & Porter, 2014).

Recently, many studies have reported that there is “a kernel of truth” to the trait
judgments that we make from faces (for review see Tskhay & Rule, 2013). Extraversion (Penton-
Voak, Pound, Little, & Perrett, 2006), intelligence (Zebrowitz, Hall, Murphy, & Rhodes, 2002),
trustworthiness (Verplaetse, Vanneste, & Braeckman, 2007), sexual orientation (Rule & Ambady,
2008; Rule, Ambady, & Hallett, 2009), religious denomination (Andrzejewski, Hall, & Salib,
2009) and even political affiliation (Olivola & Todorov, 2010a; Rule & Ambady, 2010) have all
been found to be identified from the face at above chance levels. Although debating the accuracy
of first impressions is beyond the scope of the present work, others have urged that caution is
needed when interpreting the practical significance of these findings (Olivola & Todorov, 2010b;
Todorov et al., 2015). Even in unrealistically favourable conditions (Olivola & Todorov, 2010b;
Todorov et al., 2015), accuracy is typically only just above chance levels (55-65%, Tskhay & Rule,
2013). Furthermore, judgments about stable personality traits vary substantially between different
photographs of the same person, strongly suggesting that these trait judgments are highly
dependent on the image selected, rather than any enduring personality characteristics of the
individual (Rule, Krendl, Ivcevic, & Ambady, 2013; Todorov & Porter, 2014). Yet, regardless of
whether these impressions are accurate, there is very strong agreement between observers in the
trait impressions that are made from faces (Olivola & Todorov, 2010b; Todorov, 2008; Todorov

et al., 2015). So, if these impressions are not reliably accurate, why do we make them at all?



To understand why first impressions are made from the face, we first need to consider
the role that the face has in social signalling. The face is used to display emotional expressions,
which have a vital role in non-verbal communication (Batty & Taylor, 2003; Elfenbein &
Ambady, 2002). Happiness, sadness, anger, disgust, fear, and surprise are perceived accurately
both within and between cultures, demonstrating that the expression and recognition of these
emotions is universal (Ekman, 1971; Ekman & Friesen, 1971; Ekman et al., 1987; Elfenbein &
Ambady, 2002, 2003; however, see Russell, 1994). Importantly, emotional expressions are
transient displays that occur in response to a stimulus. Secord (1958) first proposed that
personality impressions occurred due to a process he called zemporal extension, whereby “the
perceiver regards a momentary characteristic of the person as if it were an enduring attribute” (p.
307). According to Secord’s hypothesis, someone who is smiling is not only happy, but is also
judged to be a kind and friendly person. Knutson (1996) tested this temporal extension
hypothesis by asking observers to rate the perceived dominance and affiliation of individuals that
were photographed showing the six basic emotional expressions'. Faces displaying angry
expressions were judged to be high on dominance and low on affiliation, whereas those showing
happiness were high on dominance and on affiliation (Knutson, 1996), suggesting that observers
do infer stable personality traits from temporary emotional expressions (Secord, 1958). However,
temporal extension alone cannot account for all of the trait impressions that we make, because
trait impressions also occur rapidly for faces without emotional expressions (Bar, Neta, & Linz,
2006; Willis & Todorov, 2000).

Emotional expressions are important social signals that forecast the behavioural
intentions of others (Adams, Ambady, Macrae, & Kleck, 2006; Adams & Kleck, 2005; Marsh,
Ambady, & Kleck, 2005). Accurate perception of anger is critical for survival, because the

expression of anger signals the approach intent of an individual (Adams et al., 2006). Conversely,

! Wiggins, Phillips, and Trapnell (1989) showed that verbal personality descriptions could be plotted in a circular
space arranged around two orthogonal trait axes; affiliation (cold-hearted/warm-agreeable) and dominance (assured-
dominant/unassured-submissive).



seeing an angry expression facilitates avoidance responses in the observer, which is presumed to
allow us to avoid aggressive individuals and dangerous situations (Marsh et al., 2005; Stins et al.,
2011; Willis, Palermo, & Burke, 2011). McArthur and Baron (1983) proposed that the adaptive
benefit of avoiding angry individuals is so great that we have come to “see” emotional
expressions in neutral faces. For example, if someone’s resting face has slightly upturned lips
they might be perceived to be happy, whereas someone whose brow is naturally furrowed might
appear angry. Consistent with this emotion overgeneralisation hypothesis, Montepare and
Dobish (2003) found that observers attributed the same personality traits to neutral faces that
merely resembled happy or angry expressions, as they did to faces that were photographed
showing happiness and anger (Knutson, 1996). Taken together, spontaneous trait impressions
are likely caused by a tendency to infer stable personality traits from temporary emotional
expressions (Knutson, 1996; Secord, 1958), and a disposition to perceive emotions in neutral
faces that structurally resemble emotional expressions (Montepare & Dobish, 2003; Said, Sebe, &
Todorov, 2009b; Todorov, 2008; Todorov et al., 2015; Zebrowitz & Montepare, 20006,
Zebrowitz & Montepare, 2008). This process of emotion overgeneralisation can explain why trait
impressions occur automatically, even though they are not inherently accurate (Todorov, 2008).

With general agreement among researchers as to why trait impressions occur, Oosterhof
and Todorov (2008) turned their attention to identifying the attributes of the face that underlie
these trait impressions. This question is complicated by the fact that trait impressions from
natural faces are highly correlated with one another (Oosterhof & Todorov, 2008). To address
this issue, Oosterhof and Todorov (2008) used a data driven approach, wherein observers were
asked to make spontaneous impressions about a set of randomly generated artificial faces, which
all had neutral expressions. Remarkably, the observers gave more than 1,100 different

descriptions of the faces, which were reduced to 15 different traits using a principle component



analysis (PCA)” Then, a new sample of participants judged the same neutral faces using only
these 15 traits, with the subsequent ratings submitted to a second PCA to identify relationship
between the structural characteristics of each face and the judgments that were made. This
second PCA identified two underlying factors in the trait judgments; emotional valence, which
accounted for 63% of the variance in trait judgments, and perceived dominance, which
accounted for 18% of the variance (Oosterhof & Todorov, 2008)°. Interestingly, trustworthiness
judgments had the strongest correlation with the valence factor (» = .92) but were unrelated to
the dominance factor (r = -.10), whereas (unsurprisingly) judgments of dominance were highly
correlated with the dominance factor (» = .87) but not with the valence factor (r = -.20).
Oosterhof and Todorov’s (2008) model shows that spontaneous trait impressions vary reliably as
a combination of the valence and dominance of a face in a two-dimensional trait space.
1.3 Trustworthiness

Of the many personality traits that are spontaneously evaluated from the face,
trustworthiness judgments are perhaps the most important (Todorov, 2008). Trustworthiness
judgments had the strongest correlation with the valence dimension of trait space, which
suggests that trustworthiness judgments alone can be used to approximate the general valence of
a face (Oosterhof & Todorov, 2008; Todorov, 2008). These findings are consistent with the
intuitive notion that trustworthiness judgments are related to positive expressions (Oosterhof &
Todorov, 2008), as smiling faces are perceived to be more trustworthy than faces without smiles
(Krumhuber et al., 2007; Scharlemann, Eckel, Kacelnik, & Wilson, 2001). The relationship
between trustworthiness and positive expressions was further supported by Oosterhof and

Todorov (2008), who used their computer modelling technique to create a continuum of faces

2 Oosterhof and Todorov (2008) reported that the 13 impressions to show reliable interrater agreement were:
attractive, weird, mean, trustworthy, aggressive, caring, emotionally stable, unhappy, responsible, sociable, dominant,
confident and intelligent. Two traits, egoistic and boring, showed poor interrater reliability, and were excluded from
the second PCA.

3 Using naturalistic faces, Sutherland et al. (2013) replicated the trustworthiness (approachability) and dominance
dimensions in trait space. However, Sutherland and colleagues also identified an additional dimension of
youthfulness-attractiveness, which might have emerged due to the greater variability of natural faces.



that varied only on trustworthiness. Even though the model was created using the
trustworthiness judgments given to faces without expressions, Oosterhof and Todorov (2008)
found that extremely untrustworthy faces (i.e., those -8 SD from the mean), had developed angry
expressions, while extremely trustworthy faces (+8 SD) had developed smiles. These findings
suggest that when evaluating facial trustworthiness, observers are highly sensitive to cues in
neutral faces that resemble positive and negative expressions (Engell, Todorov, & Haxby, 2010).

The strong relationship between trustworthiness and emotional valence, specifically
expressions of happiness and anger (Engell et al., 2010; Oosterhof & Todorov, 2008), suggests
that trustworthiness judgments might be used in approach avoidance decision making (for
review see Todorov, 2008). Notably, viewing expressions of happiness or anger facilitate
approach and avoidance responses, respectively, within an observer (Adams et al., 2006; Marsh
et al., 2005; Stins et al., 2011; Willis et al., 2011). Furthermore, trustworthiness judgments occur
rapidly, which is necessary for survival responses (Bar et al., 2006; Todorov, Pakrashi, &
Oosterhof, 2009; Willis & Todorov, 2006). Willis and Todorov (2006) found a strong correlation
between trustworthiness judgments for faces that were presented for just 100 ms and those made
without time constraint, while Todorov et al. (2009) found that trustworthiness judgments were
made reliably for faces presented for just 33 ms, but not 17 ms. From this minimum threshold of
33 ms, the reliability of trustworthiness judgments continued to increase until presentation times
of 167 ms; after which time the reliability of the trustworthiness judgments plateaued, suggesting
that they had become firmly established (Todorov et al., 2009). Interestingly, Bar et al. (2000)
found that judgments of threat, but not intelligence, could be made reliably for faces presented
for 39 ms, which raises the possibility that trustworthiness impressions are akin to the survival
related judgments that occur before higher-order trait impressions.

The perceived trustworthiness of unfamiliar faces also automatically activates the
amygdala (Engell et al., 2007; Said, Baron, & Todorov, 2009a; Todorov & Engell, 2008; Winston

et al., 2002), a neural structure that is implicated in the processing of fearful and threatening



stimuli (Ohman, 2005). In an fMRI study, Winston et al. (2002) presented unfamiliar faces to
observers, who were either asked to judge the trustworthiness or age of each face. Regardless of
whether observers were engaged in the trustworthiness rating task or the age estimation task,
amygdala activity increased as the trustworthiness of the faces decreased, indicating that the
amygdala automatically evaluates the trustworthiness of unfamiliar faces (Engell et al., 2007;
Todorov, Baron, & Oosterhof, 2008). The activation of the amygdala in response to facial
trustworthiness is non-linear, such that compared to faces of average trustworthiness, greater
activation occurs in response to both very untrustworthy and very trustworthy faces (Said et al.,
2009a; Todorov, 2008; Todorov et al., 2008). Notably, amygdala activation is greater still for
untrustworthy than trustworthy faces (Said et al., 2009a), which might suggest that we prioritise
the need to detect and avoid untrustworthy individuals over the need to approach trustworthy
individuals (Todorov, 2008).

Trustworthiness judgments are critically important for the development of social
cooperation (Cosmides & Tooby, 1992). Gunnthorsdottir, McCabe, and Smith (2002) defined
trust as the “voluntary transfer of a good or favor to someone else, with future reciprocation
expected but not guaranteed” (p. 50). Choosing a trustworthy partner that reciprocates trust can
be beneficial to an individual, but incorrectly trusting a cheater can be extremely costly (Chang,
Doll, van 't Wout, Frank, & Sanfey, 2010; Cosmides & Tooby, 1992). Cosmides and Tooby
(1992) hypothesised that the need to accurately identify cheaters from co-operators would lead to
the evolution of an adaptive cheater-detection mechanism. In support of this proposition,
observers are better than chance at detecting cheaters in economic games (Verplaetse et al.,
2007) and can distinguish trustworthy Nobel Peace Prize laureates from untrustworthy convicted
felons (Porter, England, Juodis, ten Brinke, & Wilson, 2008), suggesting we can accurately
identify untrustworthy individuals from just their facial appearance (Cosmides & Tooby, 1992).
Moreover, individuals with “dishonest” faces are more likely to volunteer for studies that involve

deceiving others (Bond, Berry, & Omar, 1994), and are more likely to deceive others in a



cooperative economic game (Slepian & Ames, 2015; Stirrat & Perrett, 2010), suggesting that
those with untrustworthy faces might truly be less trustworthy. However, accurate
trustworthiness detection is not always observed. Zebrowitz, Voinescu, and Collins (1996) found
no relationship between trustworthy facial appearance and clinical assessments of honesty, and
Rule et al. (2013) found that observers could not correctly identify current business executives
from convicted white-collar criminals. Although untrustworthy individuals can sometimes be
identified from their facial appearance, it is clear that trustworthiness judgments are often
unreliable (Cosmides & Tooby, 1992).

Even though there is limited evidence for the accuracy of trustworthiness judgments
from the face, observers consistently choose to trust others that have a trustworthy appearance
(Chang et al., 2010; Rezlescu et al., 2012; van 't Wout & Sanfey, 2008). Using an economic game,
in which participants share money with virtual partners, Rezlescu et al. (2012) found that
participants sent 42% more money to partners that had a trustworthy appearance, compared to
partners that had untrustworthy faces. Interestingly, this advantage remained even when
participants were given accurate summaries of the partner’s past behaviour; when given identical
histories of cheating, partners with trustworthy faces still received 6% more money than those
with untrustworthy faces. Children also send more money to individuals that are rated to be
highly trustworthy than those that are untrustworthy, suggesting that trustworthy appearance is
used to guide cooperative decision-making from an early age (Ewing, Caulfield, Read, & Rhodes,
2015). Despite the questionable accuracy of trustworthiness judgments made from the face,
observers are willing to pay money within the economic game to reveal a photograph of their
partner (Eckel & Petrie, 2011; Ewing et al., 2015), which suggests that they believe that the face
contains valid cues to the trustworthiness of their partner. Although the accuracy of these
trustworthiness judgments remains an open question, it is clear that facial trustworthiness is a

powerful social cue that can shape our cooperative behaviour toward others.
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1.4 Attractiveness

Facial attractiveness is closely related to judgments of trustworthiness. Both are positive
traits that are related to the valence dimension of trait perception (Oosterhof & Todorov, 2008),
and are highly correlated with each other (Todorov, 2008). Despite their similarities, there is a
key distinction to be made between these two judgments. Whereas trustworthiness is a judgment
about an inferred personality trait, attractiveness is a judgment that is made about the aesthetic
properties of the face. Interestingly, even though it is a judgment about the aesthetic qualities of
the face, attractiveness is still associated with many positive stereotypes. In their seminal paper,
Dion, Berscheid, and Walster (1972) found that attractive individuals were thought to be happier,
have more socially desirable personalities, more prestigious jobs, and be more likely to marry
than unattractive individuals. The attribution of favourable characteristics to attractive
individuals is variously referred to as the “what is beautiful is good” or “attractiveness halo”
stereotype, and is evident in the treatment of attractive people in the real world (Dion et al.,
1972; Eagly, Ashmore, Makhijani, & Longo, 1991; Langlois et al., 2000). Attractive individuals
receive more lenient criminal sentences (Sigall & Ostrove, 1975; Stewart, 1980), better academic
grades (Landy & Sigall, 1974), more job offers (Gilmore, Beehr, & Love, 1986), higher salaries
(Hamermesh & Biddle, 1993), more votes in elections (Stockemer & Praino, 2015), and go on
more dates than unattractive people (Langlois et al., 2000). Even attractive children who
misbehave are evaluated more positively than unattractive children who commit the same act
(Dion, 1972). Attractiveness is clearly a valuable social commodity. But, what makes a face
attractive in the first place?

In contrast to the conventional wisdom that “beauty is in the eye of the beholder”,
decades of research have shown that there is considerable agreement between individuals when
rating facial attractiveness (Langlois et al., 2000). Males and females make very similar ratings of
facial attractiveness, for both male and female faces (Langlois et al., 2000; Rhodes, 2000).

Interestingly, even though identity (Chiroro & Valentine, 1995; Meissner & Brigham, 2001) and
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emotion recognition (Elfenbein & Ambady, 2003) are often reduced for other ethnicity faces,
observers from different cultures nonetheless agree on facial attractiveness (Coetzee, Greeff,
Stephen, & Perrett, 2014; Cunningham, Roberts, Barbee, Druen, & Wu, 1995; Langlois et al.,
2000), suggesting that facial attractiveness is judged using similar standards around the world
(Little, Jones, & DeBruine, 2011b). Furthermore, at just 70 hours old, infants spend longer
gazing at faces that adults find highly attractive, compared to those rated to be unattractive
(Langlois, Ritter, Roggman, & Vaughn, 1991; Slater et al., 1998). Crucially, these infants have not
been exposed to cultural standards of attractiveness, which could potentially influence the ratings
of adults, which strongly suggests that we are born with an innate understanding of the
characteristics that make faces attractive. Taken together, the innate (Langlois et al., 1991; Slater
et al., 1998), and universal nature of facial attractiveness (Cunningham et al., 1995; Langlois et al.,
2000) strongly suggest that attractiveness has a biological origin (Little et al., 2011b; Thornhill &
Gangestad, 1999).

Facial attractiveness is used by both male and female observers when selecting a potential
mate (Buss, 1989; Buss & Barnes, 19806; Feingold, 1990; Rhodes, Simmons, & Peters, 2005).
Because observers discriminate between potential mates based on their physical appearance,
Thornhill and Gangestad (1999) hypothesised that mate choices have evolved to become
sensitive to the attributes that serve as reliable cues to the genetic quality of a potential mate.
Choosing a healthy mate has potential benefits not only for the individual (i.e., remaining parasite
free), but also for the potential offspring that can inherit good genes and a strong immune
system (Gangestad, Thornhill, & Yeo, 1994; Lie, Rhodes, & Simmons, 2008; Thornhill &
Gangestad, 1999). Individuals that use honest cues in the face to identify mates of high genetic
quality will gain a reproductive advantage over rivals, and will produce more offspring for the
next generation (Thornhill & Gangestad, 1999). Over time, sexual selection will come to favour
those traits that are valuable for mate selection (Little et al., 2011b; Thornhill & Gangestad,

1999). Although many idiosyncratic factors might make any particular face attractive, attributes
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that relate to the health of a potential mate are generally perceived to be desirable (Rhodes,
20006). Evolutionary psychologists have identified three cues in the face: symmetry, sexual
dimorphism, and averageness, which signal the health of a potential mate and are perceived to be
highly attractive (for comprehensive reviews see Little et al., 2011b; Rhodes, 2000).

Facial symmetry refers to how closely the left and right halves of the face resemble one
another (Little et al., 2011b). Random deviations from symmetry, known as fluctuating
asymmetries, occur throughout development due to random mutations or exposure to
environmental stressors such as pathogens and toxins (Meller & Thornhill, 1998; Rhodes, 2000,
Thornhill & Gangestad, 1999). Therefore, facial symmetry is suggested to be an indicator of the
genetic quality of a potential mate, with greater symmetry indicating a stronger immune system
that has proven resistant to environmental stressors through development (Moller & Thornhill,
1998; Thornhill & Gangestad, 1999). As hypothesised, facial symmetry shows negative
correlations with self-reported instances of respiratory infection (Thornhill & Gangestad, 2000)
and lifetime instances of serious disease in males (Waynforth, 1998), which suggests that
symmetry is an honest cue to the potential health of a mate. Symmetry is positively correlated
with attractiveness in natural faces (Mealey, Bridgstock, & Townsend, 1999; Penton-Voak et al.,
2001; Scheib, Gangestad, & Thornhill, 1999), and faces that have been manipulated to be
symmetrical are preferred to their original, naturally asymmetric images (Grammer & Thornhill,
1994; Perrett et al., 1999; Rhodes, 2006; Rhodes, Proffitt, Grady, & Sumich, 1998).

Despite containing the same structural features (e.g., two eyes, a nose, a mouth), male
and female faces often look markedly different. Starting at puberty, the increase in levels of sex
hormones leads to the development of sexually dimorphic traits in the face. Masculine facial
features, such as a large jaw, brow, and facial hair, develop with the exposure to testosterone
(Penton-Voak & Chen, 2004; Thornhill & Gangestad, 1999). Conversely, oestrogen inhibits the
development of these characteristics, and feminine appearance is characterised by a small chin,

high cheek bones, and large lips (Fink & Penton-Voak, 2002; Thornhill & Gangestad, 1999;



13

Thornhill & Meller, 1997). Therefore, one reason that sexually dimorphic appearance is
hypothesised to be attractive is because these traits signal sexual maturity in a potential mate
(Thornhill & Gangestad, 1999). Consistent with this prediction, feminine facial appearance is
highly attractive in female faces (Perrett et al., 1998; Rhodes, 2006; Rhodes, Chan, Zebrowitz, &
Simmons, 2003), and higher levels of oestrogen are positively correlated with feminine facial
appearance, facial attractiveness and reproductive health (Smith et al., 2006). On the other hand,
masculinity is attractive in natural male faces (O’ Toole et al., 1998; Penton-Voak et al., 2001;
Rhodes, 20006; Scheib et al., 1999), and is correlated with health during adolescence (Rhodes et
al., 2003) and testosterone levels in adulthood (Penton-Voak & Chen, 2004). Curiously, however,
sometimes a preference for feminised male faces is also found (Little & Hancock, 2002; Perrett
et al., 1998; Rhodes, Hickford, & Jeffery, 2000)*. This inconsistency has been attributed to the
fact that masculine faces can be perceived as dominant and aggressive (Oosterhof & Todorov,
2008; Rhodes, 2000), whereas feminised male faces are perceived to be caring, honest, and better
parents (Perrett et al., 1998).

Finally, in contrast to the common assumption that attractive faces must be distinct or
unusual, faces that have average characteristics are perceived to be attractive (Langlois &
Roggman, 1990; Rhodes, 2006; Rhodes & Tremewan, 1996; Rhodes et al., 2001; Valentine,
Darling, & Donnelly, 2004). Perceptions of averageness are determined by how closely a face
resembles a stored mental prototype, which represents the average of all faces previously
encountered by the observer (Rhodes, 2006; Valentine, 1991). Averageness is commonly
manipulated using face morphing techniques, whereby a series of individual faces are averaged
together, to create a single composite face that has the average physical shape and colouration of

the individual faces that it is made from. These digitally averaged faces are highly attractive, such

4 As noted by Rhodes (20006) in her meta-analysis on the attractiveness of sexually dimorphic appearance, the
methodology used to create the masculine face stimuli also has a large effect on the perceived attractiveness of
masculine features in male faces. Studies using natural male faces tend to find a preference for masculinity (e.g.,
Penton-Voak et al., 2001), whereas studies that create masculine faces through digital average processes tend to find
a preference for femininity (e.g., Perret et al., 1998).
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that they are often rated to be more attractive than each of the individual faces from which they
are composed (Langlois & Roggman, 1990; Rhodes, Sumich, & Byatt, 1999; Rhodes et al., 2001).
Importantly, the attractiveness of average faces is not a result of the digital averaging process
itself (Alley & Cunningham, 1991), as natural faces that have average characteristics are also
found to be attractive (Rhodes et al., 1999; Rhodes & Tremewan, 1996; Valentine et al., 2004).
Like facial symmetry, average facial features might signal that the individual possesses a
heterogeneous immune system, which could offer any potential offspring resistance to a diverse
array of diseases and parasites (Thornhill & Gangestad, 1993; Thornhill & Gangestad, 1999).
Although average faces can be highly attractive (Rhodes, 2000), recent findings suggest that they
are not maximally attractive. For example, despite being less average (i.e., closer to the
population level prototype), an average face that is made from 15 highly attractive faces is
perceived to be more attractive than an average face made from 60 random faces (DeBruine,
Jones, Unger, Little, & Feinberg, 2007; Perrett, May, & Yoshikawa, 1994; Said & Todorov, 2011).

In conclusion, symmetry, sexual dimorphism and averageness are physical characteristics
in the face that both signal the health of an individual, and are perceived to be attractive, which is
consistent with the notion that facial attractiveness has been shaped by sexual selection
(Gangestad et al., 1994; Grammer & Thornhill, 1994; Little et al., 2011b; Rhodes, 20006;
Thornhill & Gangestad, 1999).
1.5 Attractiveness in Group Scenes

The vast majority of facial attractiveness research, and social perception research in
general, has been conducted by presenting observers with a single face at a time (Barrett,
Mesquita, & Gendron, 2011; Phillips, Weisbuch, & Ambady, 2014). Perhaps faces are presented
in isolation because the cues that are used to guide attractiveness judgments (i.e., symmetry,
sexual dimorphism and averageness), are physical qualities of the face that is being evaluated.
However, in the real world, very rarely do we encounter faces in situations that are devoid of

context. Often, we meet others for the first time in social settings, whether it be in a café, a
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classroom, or a bar. Early in the history of social perception, researchers understood that any
useful model of social perception would need to describe how the trait judgments that are made
for an individual change in response to social context, such as when a face is surrounded by
other faces (Levy & Richter, 1963). However, enthusiasm for this idea was not widely shared,
and as such, the existing social perception literature offers few answers about whether the same
trait judgments are made for a face that is seen among a group of other faces. Interestingly, those
few studies that have investigated this question, suggest that perceptions of facial attractiveness
are modulated by social context.

The influence of social context on attractiveness judgments is demonstrated by “mate
choice copying”, a mate selection strategy that is prevalent in both human (Jones, DeBruine,
Little, Burriss, & Feinberg, 2007; Place, Todd, Penke, & Asendorpf, 2010; Waynforth, 2007) and
non-human species (Vakirtzis, 2011). Mate choice copying occurs when an individual perceives a
potential mate to be more desirable upon learning that the potential mate is desirable to others
(Gouda-Vossos, Nakagawa, Dixson, & Brooks, 2018; Little, Jones, DeBruine, & Caldwell, 2011c;
Vakirtzis, 2011). Mate choice copying is used as a shortcut to identify high quality mates, by
acting on the assumption that the potential partner must have desirable qualities if their current
partner has chosen to be with them (Rodeheffer, Proffitt Leyva, & Hill, 2016). Although
primarily investigated in females, who desire mate qualities that are not readily observed in the
face (e.g., education, kindness; Buss & Barnes, 19806), mate choice copying is displayed by both
male and female observers (Little, Burriss, Jones, DeBruine, & Caldwell, 2008; Place et al., 2010).
Female observers find male faces to be significantly more desirable when shown with an
attractive female compared to an unattractive female (Little et al., 2008; Little, Caldwell, Jones, &
DeBruine, 2011a; Waynforth, 2007), while males display a preference for females shown with an
attractive male partner (Little et al., 2008). Interestingly, Rodeheffer et al. (2016) found that
females engaged in mate choice copying because they attributed more favourable personality

characteristics to a male when he was seen with a female partner compared to alone. These
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findings are consistent with the suggestion that mate choice copying is used to infer the
unobservable qualities (e.g., trustworthiness, kindness) that a potential mate might possess
(Rodeheffer et al., 2016).

Although mate choice copying demonstrates that the attractiveness of the same face is
modulated by social context, these findings are restricted to opposite-sex mate choices (Little et
al., 2011c). However, early social perception research suggests that the influence of social context
on attractiveness judgments is much more generalised. For example, Sigall and Landy (1973)
investigated whether the positive stereotypes about attractive individuals would “radiate” from
an attractive individual to somebody who is seen beside them. The participants arrived in the
waiting room of the laboratory and were seated opposite a male and a female confederate. The
female confederate was made to appear either attractive or unattractive. After passively
observing the confederates for a short time, the experimenter retrieved the participant from the
waiting room and asked about their impressions of the male confederate. Participants gave more
favourable impressions of the male confederate when the female was highly attractive, compared
to when she was unattractive. Similarly, Bar-Tal and Saxe (19706) reported that when male and
female image pairs were described as married couples, impressions of the male were raised or
lowered to match the attractiveness of the female. These findings were interpreted as showing an
effect of attractiveness assimilation, wherein the attractiveness of the target face is raised or
lowered to match the attractiveness of the second face.

However, assimilation effects are not always observed. In a creative design, Kenrick and
Gutierres (1980) sent research assistants around the campus dormitories to find individuals who
were watching Charlie’s Angels, a television show that featured three highly attractive female lead
characters. These participants were then asked to rate the attractiveness of a single female face,
which was known to the researchers to be of average attractiveness. Compared to participants
who were watching other television shows at the time, those watching Charlie’s Angels gave the

lowest attractiveness ratings to the test face. Kenrick and Gutierres’s (1980) findings were
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consistent with an effect of contrast, wherein the perceived attractiveness of a face is biased away
from the attractiveness of a previously seen face. Melamed and Moss (1975) speculated that the
conflicting accounts of assimilation and contrast might be due to the perceived association
between the images. Consistent with their hypothesis, assimilation was found when the two faces
were presented as friends, whereas a contrast effect occurred when the same two faces were
presented as strangers (Kernis & Wheeler, 1981; Melamed & Moss, 1975).

A second possible explanation for the conflicting accounts of contrast and assimilation
relates to the many methodological limitations of these early studies (Geiselman, Haight, &
Kimata, 1984). Often these studies relied on a very small number of trials or stimuli, increasing
the likelihood that idiosyncrasies in the stimulus pairs could unduly influence the results (Bar-Tal
& Saxe, 1976; Kenrick & Gutierres, 1980). Remarkably, other researchers chose to manipulate
the attractiveness of real confederates over the course of weeks or months, which raises
questions about the consistency of such a manipulation (Kernis & Wheeler, 1981; Sigall &
Landy, 1973). To clarity the conditions under which contrast and assimilation effects occurred,
Geiselman et al. (1984) presented target faces of average attractiveness between two distractor
faces, which could be highly attractive, of average attractiveness or highly unattractive. Unlike
previous investigations, the attractiveness of the faces had been pre-rated, and the attractive and
unattractive distractor faces were equally distant in their attractiveness from the faces of average
attractiveness. Regardless of the stated association between the faces in the group (friends or
strangers), Geiselman et al. (1984) found an effect of assimilation, whereby target faces were
significantly more attractive in the attractive group condition, and significantly less attractive in
the unattractive group. Geiselman et al. (1984) did, however, show that assimilation occurred
when the faces were presented simultaneously, but that a contrast effect occurred when the faces
were presented sequentially (Wedell, Parducci, & Geiselman, 1987). Although assimilation effects
seem to occur during simultaneous presentations, debate is still ongoing about whether the

attractiveness of previously seen faces in sequential presentation paradigms leads to contrast
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(Pegors, Mattar, Bryan, & Epstein, 2015) or assimilation effects (Xia, Leib, & Whitney, 2010).
Despite the conflicting accounts of contrast and assimilation, these findings clearly demonstrate
that the attractiveness of an individual is modulated by social context.

Of the few researchers to consider the effect of social context on attractiveness
judgments, most have investigated how the attractiveness of an individual is changed by social
context. Conversely, Willis (1960) investigated how observers judged the average attractiveness
of a whole group of faces (i.e., “how attractive is this group?”). The groups were filled with
individuals who were of similar attractiveness levels, such that the groups themselves were
attractive or unattractive (Willis, 1960). Interestingly, rather than averaging the attractiveness of
the individual group members (Anderson, 1965), observers gave more extreme ratings to the
groups; attractive groups were rated to be more attractive than the mathematical average
attractiveness of the individuals, whereas unattractive groups were rated to be less attractive
(Willis, 1960). Recently, van Osch, Blanken, Meijs, and van Wolferen (2015) asked observers to
rate either the attractiveness of the individual members of a group, or the average attractiveness
of the whole group. Unlike Willis (1960), van Osch et al. (2015) found that observers only
consistently overestimated the average attractiveness of the whole group, relative to the
mathematical average of the attractiveness ratings given to the individual group members. van
Osch and colleagues called this phenomenon the “group attractiveness effec?’, and demonstrated that
it occurred for female, male, and mixed gender groups. Using eye-tracking, van Osch et al. (2015)
showed that observers were preferentially attending to the most attractive faces in each group,
which likely caused them to overestimate the average attractiveness of the whole group. Taken
together, these findings demonstrate that social context not only influences the attractiveness of

an individual, but the attractiveness of the group in which they appear.
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1.6 Summary

Stable personality traits are inferred from the face spontaneously (Engell et al., 2007;
Winston, O'Doherty, Kilner, Perrett, & Dolan, 2007; Winston et al., 2002), and are based on the
similarities between the structure of the face and emotional expressions (Montepare & Dobish,
2003). Even though they are not highly accurate (Olivola & Todorov, 2010b), these impressions
influence our decision making (Olivola et al., 2014; Rezlescu et al., 2012; Wilson & Rule, 2015,
2016). Trustworthiness judgments are closely related to the perceived emotion of a face
(Oosterhof & Todorov, 2008), and are used to facilitate approach avoidance decision making
(Todorov, 2008). Despite being an aesthetic judgment about the face, facial attractiveness is
associated with many positive stereotypes (Dion et al., 1972; Langlois et al., 2000), and is crucial
for mate selection (Buss, 1989; Buss & Barnes, 1986; Rhodes et al., 2005). The consistency with
which facial attractiveness is judged between genders and cultures (Langlois et al., 2000), suggests
that facial attractiveness has a biological basis. Facial attractiveness has likely been shaped by
sexual selection to favour cues such as symmetry, sexual dimorphism and averageness, which are
honest signals of the fitness of a potential mate (Little et al., 2011b; Rhodes, 2006; Thornhill &
Gangestad, 1999).

In addition to the physical features of the face itself, recent findings have shown that
facial attractiveness is influenced by social context (Geiselman et al., 1984; Jones et al., 2007,
Little et al., 2011c; Waynforth, 2007). Even though these findings, at times, can be contradictory,
this line of research clearly demonstrates that the perceived attractiveness of an individual is
modulated by social context. At the most basic level, these findings show that even though the
observer is asked to evaluate the attractiveness of an individual face in a group, the irrelevant
faces around the target are also encoded, and interfere with the judgment that is made. This
notion is consistent with the way that the visual system summarises complex visual scenes for
efficient processing, in a process known as ensemble coding (Whitney, Haberman, & Sweeny,

2014; Whitney & Yamanashi Leib, 2018).
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Chapter 2: Ensemble Perception

2.1 Complex Visual Scenes

Vast and intricately detailed, the visual world around us contains more detail than we
could ever hope to process (Whitney et al., 2014). Subjectively, we have a rich visual experience;
however, our visual system is remarkably limited. “Change blindness” occurs when we are unable
to identify dramatic changes in visual scenes, which suggests that although we can see the full
scene, very little of the visual environment is fully attended at any one time (Simons & Levin,
1997; Simons & Rensink, 2005). Visual working memory, the system used to actively hold
information while we complete cognitive tasks (Baddeley, 1992; Brady, Konkle, Alvarez, &
Oliva, 2008), has a capacity limit of approximately four items (Luck & Vogel, 1997). Moreover,
object recognition in the peripheral visual field is inhibited by “crowding”, which occurs when an
individual item that could be easily identified alone is no longer distinguishable when surrounded
by other items (Bulakowski, Post, & Whitney, 2011; Levi, 2008; Pelli, 2008; Whitney & Levi,
2011). The contradiction between our subjectively rich visual experience and the limitations of
our visual system has led some to describe our visual experience as an “illusion of completeness”
(Chong & Treisman, 2003; Noé, Pessoa, & Thompson, 2000). So, how does the visual system
overcome these capacity limitations to provide us with a seemingly complete visual experience?

One way that the visual system overcomes these limitations is by relying upon accurate
“gist” representations of the visual environment (Alvarez, 2011; Alvarez & Oliva, 2008). Despite
containing an inordinate amount of visual detail, much of the visual information in our
environment is structured and redundant (Alvarez, 2011; Whitney et al., 2014; Whitney &
Yamanashi Leib, 2018). Every blade of grass in a lawn is extremely similar to every other blade
of grass; as are the leaves on a tree, or the trees in a forest. Although our visual system is capable
of individuating the blades of grass in a lawn, often such a task offers little benefit to the

observer (Haberman & Whitney, 2009). Instead, the visual system takes advantage of structure
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and redundancy in the environment and compresses information about similar objects or
textures into a single percept, through a process known as ensemble coding’ (e.g., blades of grass
become a lawn, while individual trees become a forest; Alvarez, 2011; Whitney et al., 2014). By
creating average textures, the cognitive demand associated with encoding vast numbers of
individual stimuli is significantly reduced, and many of the limitations of the visual system can be
bypassed (Alvarez, 2011; Whitney et al., 2014). Importantly, although the information about
individual items can be lost during ensemble coding (Ariely, 2001; Parkes, Lund, Angelucci,
Solomon, & Morgan, 2001), observers retain access to precise statistical information about the
scene (Alvarez, 2011; Whitney et al., 2014; Whitney & Yamanashi Leib, 2018).
2.2 Low-Level Stimuli

Ensemble coding was first demonstrated for low-level visual features, such as
orientation, motion and size, which are processed in the earliest stages of the visual stream. In
their seminal study, Parkes et al. (2001) presented sets of nine gabor patches to the observer’s
petipheral vision and asked them to identify the orientation of a single tilted target gabor in the
display. Observers could accurately report the orientation of the target when it was presented
alone; however, they were unable to do so when it was encircled by eight distractor gabor
patches, which is consistent with the deleterious effect of crowding (Whitney & Levi, 2011).
Remarkably, despite being unaware of the orientation of the crowded target gabor, Parkes et al.
(2001) found that observers were able to accurately report the average orientation of the group.
Crucially, because the target gabor displayed the greatest tilt, accurately identifying the average
orientation of the group could only be achieved by successfully integrating the orientation of the
crowded target with that of the distractors. Parkes and colleagues’ (2001) findings demonstrated
that observers retain access to information about the crowded item, and suggest that summary

statistics are extracted automatically from the visual scene.

5 Ensemble coding is described by many names in the literature, including ensemble perception, global processing,
and summary statistics (Alvarez, 2011). The product of ensemble coding is also referred to by various names,
including the ensemble average, ensemble representation, ensemble percept and summary representation.
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In the same year, Ariely (2001) investigated whether observers were able to accurately
perceive average size. First, Ariely (2001) created a set of four uniquely sized circles that were
evenly distributed in size, such that two circles were smaller than the average size, while two were
larger. Observers were presented with sets of 4, 8, 12, or 16 circles, which were created by
presenting repetitions of the same 4 circles (see Figure 2.1). Observers were initially presented
with a set of circles for 500 ms, which was immediately followed by a memory probe that
consisted of a single circle. Based on size, observers had to indicate whether the probe circle had
been presented in the previous set (i.e., yes/no). Curiously, instead of accurately identifying the
sizes of the four circles that had been presented, observers were most likely to report
“recognising” circles when they matched the average size of the set. Observers could also
accurately report whether the probe circle was smaller or larger than the average size circle from
the preceding set, demonstrating that ensemble coding is precise. Remarkably, observers could
identify the average size of a set of 16 circles with the same precision as set size 4, indicating that
sensitivity to the mean was not adversely influenced by increasing set size. Yet, despite the
precision of their average size judgments, observers were no better than chance when asked to
identify which of two circles had been shown in the previous set, suggesting that they had little
awareness of the actual size of the individual circles in the group. Ariely’s (2001) findings suggest
that even when instructed to focus on the individual circles within the group, observers implicitly

encode the mean size of the set.
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Set Display Memory Probe
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Figure 2.1. An example of Ariely’s (2001) ensemble coding paradigm a) a set of 106 circles b) a

memory probe, showing the mean size of the set. Figure adapted from Ariely (2001).

Through ensemble coding, observers rapidly extract the summary statics from a visual
scene (Ariely, 2001; Parkes et al., 2001). These summary extractions are highly efficient, as the
precision of average size judgments is not affected by viewing time, presentation method (i.e.,
simultaneous or sequential), or the distribution of circle sizes within the set (Chong & Treisman,
2003, 2005b). Moreover, Alvarez and Oliva (2008) showed that summary statistics could be
extracted from items in the display that were outside the focus of attention. These displays
contained four targets and four distractor shapes that moved independently from one another,
which were presented on opposite sides of the display. Observers were less accurate to identify
the final position of the individual distractor items compared to the individual targets,
confirming that less attention was allocated to the individual distractors; however, observers
could identify the centre point of the four distractor items with the same precision that they
achieved for the four targets, suggesting that even with reduced attention, summary statistics are
extracted from across the visual scene (Alvarez & Oliva, 2008, 2009).

To date, studies have shown that summary statistics are gleaned across a vast array of
low-level visual domains, including size (Ariely, 2001; Chong & Treisman, 2003, 2005a, 2005b;

Robitaille & Harris, 2011), orientation (Dakin & Watt, 1997; Parkes et al., 2001; Solomon, 2010),
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spatial location (Alvarez & Oliva, 2008, 2009), colour (Maule, Witzel, & Franklin, 2014; Webster,
Kay, & Webster, 2014) and motion (Sweeny, Haroz, & Whitney, 2013; Watamaniuk & Duchon,
1992). Crucially, ensemble coding also occurs for sets of faces (Haberman & Whitney, 2007,
2009).
2.3 Ensemble Coding of Faces

Haberman and Whitney (2007) were the first to examine whether ensemble perception
extended beyond lower-level visual stimuli to faces, which are higher-level visual representations
that are processed later in the visual stream (Kanwisher, McDermott, & Chun, 1997; Kanwisher
& Yovel, 2006). Haberman and Whitney (2007) investigated whether observers could extract the
average emotion from a set of faces. A continuum of emotional faces was created by morphing
between two photographs of the same individual, one showing extreme happiness and one
showing extreme sadness, and extracting a sequence of 50 faces that differed from one another
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in equal “emotional units”® (see Figure 2.2a). Observers were presented with a set of 4 emotional
faces for 2000 ms, after which time a single probe face appeared. Observers then indicated
whether the probe was happier or sadder than the average expression of preceding group. To
establish baseline performance, observers were first presented with sets of identical emotional
faces. Observers reached 75% accuracy when the probe differed from the homogenous group by
3-4 emotional units. Then, observers were presented with sets of 4 faces that differed in emotion
from one another by 6 emotional units. Remarkably, observers reached 75% accuracy when the
probe differed from the mean emotion of the set by 4 emotional units, replicating the precision
of the baseline condition. These findings suggest that observers can identify the mean emotion

of a group with the same accuracy as they can identify the emotion of a single face. In their

seminal paper, Haberman and Whitney (2007) also found that observers can identify the mean

¢ As noted by Haberman & Whitney (2007, 2009), the term “emotional units” does not mean that each face
represented a distinct emotional expression. Rather, the continuum of 50 faces showed the possible expressions in
the transition between the happiness and sadness.
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gender of a group of faces, demonstrating that the ensemble coding of faces is not limited to

expressions.

Set Display Memory Probe

b)

Figure 2.2. An example of Haberman and Whitney’s (2007, 2009) ensemble coding paradigm a) a
sequence of emotional faces created by morphing between an individual showing anger (+0) and
happiness (+50) b) a set of four emotional faces c) a memory probe, showing the mean

expression of the set. Figure adapted from Haberman and Whitney (2009).

Haberman and Whitney (2009) further investigated the ensemble coding of emotion
using a paradigm reminiscent of Ariely (2001). Observers were asked to focus on the emotions
shown by individual faces that were presented in sets of 4, 8, 12, and 16. Like Ariely (2001),
increasing set size was achieved by presenting repetitions of the same four emotional faces.
When presented with a single probe face, observers responded to whether the probe was a
member of the preceding group. Observers were most likely to endorse faces that showed the
mean emotion of the set, even though no such face was presented, and were no better than
chance at identifying which of two faces was previously presented in the group, suggesting that

they had little awareness of the individual faces in the group (Haberman & Whitney, 2007, 2009).
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Sensitivity to the average emotion of the set was not affected by increasing set size or decreasing
stimulus presentation time. The extraction of average emotion is not limited to simultaneous
presentations paradigms, as Haberman, Harp, and Whitney (2009) found that regardless of the
number of faces in the set (4, 12, or 20), observers could accurately identify the mean expression
of a set of faces that was presented sequentially. As was the case for simultaneous presentations
(Haberman & Whitney, 2009), the accuracy of mean emotion extraction was equivalent for sets
of heterogeneous and homogenous faces that were presented sequentially, further demonstrating
that ensemble coding of emotion is highly accurate.

Rapidly extracting the average emotion from a crowd might offer adaptive advantages to
an individual (Haberman & Whitney, 2009). Rather than needing to evaluate the angry emotion
on each face in a crowd, an observer can rapidly summarise that the average expression of the
crowd is one of anger, and quickly escape from what is actually an angry mob. Yet, crowds are
dynamic, and until recently, ensemble coding of faces had only been demonstrated for static
emotional faces (Haberman & Whitney, 2007, 2009). Elias, Dyer, and Sweeny (2016) investigated
whether ensemble coding could also be used to average dynamic facial expressions in crowds
that changed emotion synchronously or asynchronously. Observers could accurately identify the
average emotion of the crowd when the faces changed emotion synchronously; however, they
were less precise when the faces changed emotions asynchronously, suggesting that the
coordinated behaviour of the crowd can affect the precision of the ensemble average. Similarly,
Haberman, Lee, and Whitney (2015b) demonstrated that observers could accurately identify the
variance of emotional expressions in a crowd, but became less accurate as the variance in the
crowd increased. Sensitivity to the variance of emotion in a crowd might allow an observer to
quickly gauge whether the whole crowd is angry, or whether the crowd only contains a single
angry individual (Haberman et al., 2015b). Interestingly, when a set of faces contains a single

emotional outlier, observers appear to exclude it from their ensemble percept, possibly to ensure
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that the summary representation more accurately reflects the average composition of the group
(Haberman & Whitney, 2010).

In addition to displaying emotional expressions, the face is also vitally important for
identity recognition. The recognition of emotion and identity are based on fundamentally
different cues; emotion recognition depends on the perception of temporary facial movements,
whereas identity recognition relies on viewpoint invariant information (Bruce & Young, 19806;
Haxby & Gobbini, 2011). de Fockert and Wolfenstein (2009) were the first to investigate
whether observers could extract the average identity from sets of unfamiliar faces (see Figure
2.3). After being presented with a group consisting of four different identities, observers were
shown a single probe face, which could be: a face from the previous group (set exemplar), a face
not from the group (a foil), the average face of the group (set average), or the average face of a
different group (foil average). Observers showed greater recognition for set exemplars than for
foils, suggesting that they retained awareness of the individual faces in the group; however, they
also mistakenly “recognised” the set average as having been a member of the group. Importantly,
the foil average was rarely endorsed, indicating that the increased recognition of set averages was
not due to the general familiarity of average faces (Langlois, Roggman, & Musselman, 1994).
Instead, these findings suggest that observers summarise the average identity of the set, and

mistake it for a face that has previously been seen (de Fockert & Wolfenstein, 2009).
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Set Display Memory Probe

Figure 2.3. An example of de Fockert and Wolfenstein’s (2009) ensemble identity coding
paradigm a) a set consisting of four unique identities b) a memory probe, showing the average

face of the set. Figure adapted from de Fockert and Wolfenstein (2009).

The ensemble coding of identity is not limited to unfamiliar faces (de Fockert &
Wolfenstein, 2009), as observers also mistakenly recognise the average face for groups consisting
of famous faces (Neumann, Schweinberger, & Burton, 2013) and groups composed of different
photographs of the same person (Kramer, Ritchie, & Burton, 2015). Observers are remarkably
sensitive to the average identity of the set, such that when instructed to identify whether the
probe was an zzage from the previous group, they endorse the average face of the set, but not an
average face created from different photographs of the set members (Kramer et al., 2015;
Neumann et al., 2013). Like emotion, average identity can also be extracted from sets of faces
presented sequentially (Yamanashi Leib et al., 2014). In their sequential presentation paradigm,
Yamanashi Leib et al. (2014) presented observers with sets of faces that had be photographed to
show the model posing with their face oriented 22.5° or 90° to the left or right of centre;
however, the memory probe only showed faces that were directly facing the camera. Even

though none of the individual faces had been seen facing forward, observers could accurately
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recognise the average identity of the group from forward facing memory probes. This finding
strongly suggests that observers are able to integrate identity across viewpoints and images to
form a single accurate ensemble representation of identity (de Fockert & Wolfenstein, 2009;
Neumann et al., 2013; Yamanashi Leib et al., 2014).

In contrast to the advantage offered by summarising facial expressions in crowds, the
benefit of averaging identity is less clear. Rather, averaging identity might even be detrimental to
the recognition of familiar individuals (Neumann et al., 2013). One possibility is that averaging
identity facilitates identity learning (Burton & Jenkins, 2011; Jenkins & Burton, 2011; Kramer et
al., 2015), as average faces that are composed of different photographs of the same person are
recognised with greater accuracy than individual exemplars (Burton, Jenkins, Hancock, & White,
2005). In particular, ensemble coding of identity might help children learn new faces rapidly, at a
time when their individual face recognition skills are poor (Germine, Duchaine, & Nakayama,
2011). Ensemble coding abilities emerge eatly in development, with children as young as 4 years
of age being able to accurately average size (Sweeny, Wurnitsch, Gopnik, & Whitney, 2015). By
the age of 8, children also show the ability to average across identity, endorsing both set
exemplars and the set average as members of the previously presented group (Rhodes et al.,
2017). Rhodes et al. (2017) also found a positive correlation between the age of the observer and
ensemble coding ability, even when individual face recognition ability was controlled, indicating
that ensemble coding of identity might develop separately from individual face recognition.

Very recently, attention has turned toward investigating whether ensemble coding
extends beyond emotion and identity recognition to influence the other judgments that can be
made from faces. Starting by morphing between an extremely unattractive and an extremely
attractive face, to create a sequence of faces that varied on attractiveness, Luo and Zhou (2018)
investigated whether observers could extract the average attractiveness from a group of faces.
Observers were found to extract the average attractiveness of a set of four heterogeneous faces

with the same precision that they demonstrated for sets of four identical faces (Luo & Zhou,
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2018). Moreover, the accuracy of ensemble coding was unaffected by the variance of
attractiveness between the individual faces in the group. Furthermore, Phillips, Slepian, and
Hughes (2018) found that observers could also accurately identify the average variance for sets
of faces along dimensions of ethnicity, gender, and dominance. Together, these findings
demonstrate that ensemble coding can be used to summarise a diverse array of judgments from
faces.

Even though observers extract precise averages of expression (Haberman et al., 2009;
Haberman & Whitney, 2007, 2009), identity (de Fockert & Wolfenstein, 2009; Neumann et al.,
2013; Yamanashi Leib et al., 2014), and attractiveness (Luo & Zhou, 2018) from sets of faces,
they are often unable to identify the individual faces that were presented in the group (Haberman
& Whitney, 2007, 2009). Haberman and Whitney (2011) employed a change blindness paradigm
(Simons & Levin, 1997), to investigate whether awareness for the individual faces in the group
was required for accurate ensemble coding. The same set of 16 emotional faces was presented to
observers twice in rapid succession. In the second set, however, four faces had changed
expression, which also changed the average emotion of the group. Observers were asked to
indicate whether the first or second set was happier, and then to identify one face in the second
set that had changed expression. Remarkably, even when observers could not identify a single
face that had changed expression, they could still accurately identify the happier group;
demonstrating that observers could display accurate ensemble coding while simultaneously
experiencing change blindness (Haberman & Whitney, 2011). Similarly, in a paradigm
reminiscent of Parkes et al. (2001), Fischer and Whitney (2011) found that even when observers
could not identify the expression of an individual face due to crowding, they could nonetheless
accurately report the mean emotion shown by the group. Together, these findings suggest that
summary statistics are automatically extracted from sets of faces, even when observers cannot
attend to the individual faces in the group (Fischer & Whitney, 2011; Haberman & Whitney,

2007, 2009, 2011).
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Even though observers have little awareness for the faces in the group (Fischer &
Whitney, 2011; Haberman et al., 2009; Haberman & Whitney, 2009, 2011), summary statistics are
likely calculated by averaging many faces from the entire set (Haberman & Whitney, 2010;
Whitney & Yamanashi Leib, 2018; Yamanashi Leib et al., 2014). In a meta-analysis across low-
level and high-level paradigms, Whitney and Yamanashi Leib (2018) found that number of items
integrated into the ensemble representation was approximately equal to the square root of the
total number of items in the display. Consistent with this estimate, Yamanashi Leib et al. (2014)
showed that observers were averaging at least 4 faces to extract the average identity from a set of
18 faces (\/18 = 4.24). Remarkably, the precision of summary statistics often zucreases with set
size, such that observers can more accurately identify the mean of the set than they can identify
an individual face (Ariely, 2001; Chong & Treisman, 2003; Elias et al., 2016; Haberman &
Whitney, 2009, 2010; Robitaille & Harris, 2011; Sweeny et al., 2013; Yamanashi Leib et al., 2014).
While initially appearing counterintuitive, the greater precision of ensemble coding relative to
individual coding is consistent with the benefits of averaging (Alvarez, 2011; Ariely, 2001). There
is random noise associated with the encoding of any individual face (Haberman et al., 2015b);
however, this noise is uncorrelated between the encoding of different individual faces. Averaging
cancels out the uncorrelated noise associated with encoding the individual exemplars, which
results in a summary representation that is more precise than any encoded individual exemplar
(Alvarez, 2011).

The extraction of summary statistics occurs rapidly, even for large sets of faces
(Haberman et al., 2009; Yamanashi Leib et al., 2014). While ensemble coding paradigms typically
present sets of faces simultaneously for 1500 to 2000 ms, accurate ensemble representations can
be formed when individual faces are presented sequentially for as little as 23 ms (Haberman et
al., 2009; Yamanashi Leib et al., 2014), which is less time than required to make a reliable trait
impression for a single face (Bar et al., 2006; Todorov et al., 2009). Simultaneous presentation

paradigms have shown that ensemble coding of emotion can occur after a set of 16 faces is



32

presented for only 50 ms, which is far below the time required to encode each face individually
(Crouzet, Kirchner, & Thorpe, 2010). Although average representations are less precise at such
short durations, they are still more precise than individual exemplar recognition (Haberman &
Whitney, 2009; Li et al., 20106; c.f. Neumann, Ng, Rhodes, & Palermo, 2017). Recognition
accuracy for the set average and individual exemplars continues to increase until presentation
times are between 800 and 1600 ms (Li et al., 2016; Neumann et al., 2017). For set presentations
of greater than 1600 ms, a dissociation occurs, wherein individual exemplar recognition
continues to increase, but endorsement of the set average declines (Li et al., 2016; Neumann et
al., 2017), suggesting that summary statistics might be discarded once individual representations
are established.

The ensemble coding of faces shares many of the same characteristics as the ensemble
coding of low-level visual stimuli; both are precise, rapid, unaffected by set size, and occur
without awareness of the individual items in the set. However, several converging lines of
evidence suggest that, rather than relying on low-level image cues, the ensemble coding of faces
relies upon face specific processing mechanisms. When asked to indicate whether a probe face is
the same zdentity as a face from the previous set, observers endorse both the set average, and an
average face made from different photographs of the identities in the set (Neumann et al., 2013).
Observers cannot rely on averaging low-level image features to endorse set averages made from
different photographs, because those photographs had not previously been seen (Yamanashi
Leib et al., 2014). Second, observers are less accurate to identify the average emotion of a crowd
when the set of faces is inverted (Elias et al., 2016; Haberman & Whitney, 2009; Yamanashi Leib
et al., 2012). Although the low-level features of the image remain the same when inverted,
inversion disrupts the holistic processing of faces (Farah, Tanaka, & Drain, 1995; Tanaka &
Farah, 1993), which significantly inhibits the recognition of faces relative to other visual stimuli

(Valentine, 1988; Yin, 1969).
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Further evidence that the ensemble coding of faces involves face specific processing
comes from examining the ensemble coding abilities of clinical samples that traditionally have
difficulty with face recognition (Rhodes, Neumann, Ewing, & Palermo, 2015; Robson, Palermo,
Jeffery, & Neumann, 2018; Yamanashi Leib et al., 2012). Congenital prosopagnosia is
characterised by face recognition deficits (Palermo et al., 2011; Susilo & Duchaine, 2013), while
autism spectrum disorder is a neurodevelopmental condition that often results in poor face
recognition abilities (Dawson, Webb, & McPartland, 2005). Although individuals with these
conditions demonstrate ensemble coding by endorsing the average identity of the group as a set
member, they do so at a significantly lower rate than neurotypical controls (Rhodes et al., 2015;
Robson et al.,, 2018; c.f. Yamanashi Leib et al., 2012). The ensemble coding deficits shown by
individuals with congenital prosopagnosia or autism spectrum disorder were directly related to
their impaired ability to accurately identify individual faces (Rhodes et al., 2015; Robson et al.,
2018), suggesting that efficient ensemble coding might be predicated on individual exemplar
coding ability (Neumann et al., 2017).

Ensemble coding occurs during the processing of both low-level (Ariely, 2001; Chong &
Treisman, 2003, 2005b) and high-level visual stimuli (Haberman & Whitney, 2007, 2009;
Neumann et al., 2013). Haberman, Brady, and Alvarez (2015a) investigated whether the visual
system operates a single generalised ensemble coding mechanism that performs ensemble coding
across low- and high-level stimuli, or whether multiple ensemble processors are used. Observers
completed four separate tasks: judging the orientation of an individual gabor patch, the mean
orientation of a set of four gabors, the identity of an individual face, and the average identity for
a set of four faces. Performance was strongly correlated within visual domains, such that better
performance on the individual orientation task predicted better performance on the mean
orientation task, and accuracy on the individual identity task predicted better performance on the
mean identity task. However, performance on the orientation tasks did not predict performance

on the identity tasks. Haberman et al. (2015a) also found that performance on different ensemble
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coding tasks with low-level visual features were highly correlated with one another (e.g., average
orientation and average colour), as were tasks requiring high-level discriminations (e.g., average
expression and average identity), but there was no correlation between performance on the low-
level and high-level ensemble coding tasks. For this reason, Haberman and colleagues (2015a)
suggest that the visual system operates at least two ensemble coding mechanisms, one for low-
level stimuli, and one for high-level stimuli.

2.4 The Hierarchical Structure of Visual Working Memory

Regardless of the psychophysical method used to measure ensemble coding, ensemble
coding tasks rely on the observer being able to recall the characteristics of the preceding set of
stimuli. Thus, these tasks rely on observers engaging their visual working memory. Although
there is still debate about the exact capacity of visual working memory, there is strong agreement
that working memory is severely limited (Brady, Konkle, & Alvarez, 2011; Luck & Vogel, 1997,
2013), particularly in comparison to the massive storage capacity of long-term memory (Brady et
al., 2008). Whilst conventional models of working memory assume that individual items are
encoded separately to one another (Zhang & Luck, 2008), recent findings suggest that visual
working memory is constructive, and encodes the individual items of the group in reference to
the summary statistics of a display (Brady & Alvarez, 2011, 2015a, 2015b; Brady & Tenenbaum,
2013; Griffiths, Rhodes, Jeffery, Palermo, & Neumann, 2018; Lew & Vul, 2015; Walker & Vul,
2014).

Brady and Alvarez (2011) were the first to investigate whether ensemble coding
influenced how observers stored individual items in working memory. Observers saw a display
of nine uniquely sized circles, three of which were blue, green, and red. On any one trial, the
circles were grouped by colour and by size (e.g., small = red, medium = green, large = blue). To
make the colour of the circles salient, the observers were instructed to study the sizes of the
individual red and blue circles in the set, but to always ignore the green circles. Following set

presentation, a probe circle was presented at the location of the individual circle that was to be
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recalled. Unbeknownst to the observer, each display was repeated twice in the experiment. These
matched trials were identical in every way, except that the colour of the target circle had been
switched (blue <> red). Consequently, observers estimated the size of the same target circle
twice; once when it was the same colour as the small circles, and once as the same colour as the
large circles. Brady and Alvarez (2011) found that the same circle was recalled as significantly
larger when it was the same colour as the large circles, but smaller when it was the same colour
as the small circles. In each condition, the same circle was remembered to be a size that was 15-
20% closer to the mean size of the same colour circles than it truly was. Brady and Alvarez’s
(2011) findings demonstrate that visual working memory encodes the components of a scene in
a hierarchical structure, whereby the individual items in the group are encoded in reference to the
summary statistics of the display. Consequently, the hierarchical structure of visual working
memory biases the recall of individual items from the scene, such that they are remembered as
being more alike the ensemble average than they really were.

Although very similar, there is a critical distinction between ensemble coding and
hierarchical encoding paradigms. In an ensemble coding paradigm, the observer compares the
probe to the whole display (e.g., “was this face present in the previous display?”) or makes a
judgment about the average characteristics of the group (e.g., “does this face show the mean
expression of the group?”). Conversely, in a hierarchical encoding paradigm, the observer
compares the probe to a single item that was cued during the presentation of the group display
(e.g., “was this face the previously cued target?”). Hierarchical encoding, therefore, specifically
refers to the recall of a single item from the set. Notably, hierarchical encoding occurs because,
in addition to encoding the individual items within a scene, visual working memory also encodes
the summary statistics of a scene. Therefore, ensemble coding is required for hierarchical
encoding to occur. Although it is clear that observers can very accurately extract the average

emotion from a group through ensemble coding (Haberman & Whitney, 2007, 2009), very little
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is known about the way that hierarchical encoding influences the recall of an individual face from
a group.

To date, only Griffiths et al. (2018) have investigated how hierarchical encoding
influences the recall of the emotional expression shown by an individual in a group. From a
morphed sequence of emotional faces, Griffiths et al. (2018) presented observers with sets of 4
emotional faces for 2000 ms. The emotional faces in the group varied around an average
emotion that was not shown. After the set was removed from the screen, a cue was presented at
the location of a single face in the group, which identified the target face to recall. A single probe
face then appeared, and observers made a forced choice response to indicate whether the probe
showed the same expression as the target. Griffiths et al. (2018) found that although observers
could quite accurately remember the emotion shown by the target face, their responses were
biased toward the mean emotion of the group. Faces showing expressions less intense than the
group average were recalled as having shown more intense emotion, whereas faces showing
more intense emotion were recalled as being less emotional. Griffiths and colleagues’ (2018)
findings are consistent with those of Brady and Alvarez (2011) and demonstrate that the
hierarchical structure of visual working memory also biases the recall of an individual’s emotional
expression toward the mean emotion of the group.

2.5 The Cheerleader Effect

The literature discussed above provides a comprehensive review of the ensemble coding
of faces. These studies have overwhelmingly investigated whether identity and emotion can be
represented as summary statistics. Despite the significant attention that facial attractiveness has
received in the social perception literature, only one study has investigated whether facial
attractiveness is subject to ensemble coding (Luo & Zhou, 2018). Yet, several years before Luo
and Zhou (2018) showed that ensemble coding occurs for facial attractiveness, Walker and Vul
(2014) investigated whether a phenomenon referred to in popular culture as “zhe cheerleader effect”,

was an example of hierarchical encoding in attractiveness judgments. The cheerleader effect was
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tirst described on the television series How I Met Your Mother (Rashid & Fryman, 2008). The
show’s protagonist, Barney Stinson, claimed that women (at a bar) appeared to be much more
attractive when they were sitting together in a group, compared to when they were sitting alone.
Realising that the cheerleader effect might be consistent with an effect of hierarchical encoding,
Walker and Vul (2014) investigated whether the cheerleader effect was indeed a real
phenomenon’.

Walker and Vul (2014) tested the existence of the cheerleader effect in a within-
participants paradigm, wherein observers were required to make two attractiveness ratings for
the same face; one when it was presented in a group, and one when it was presented alone. In
the group presentation, observers were presented with a set of three faces from a group
photograph (see Figure 2.4). After 2000 ms, a cue appeared around a single face in the group for
an additional 1000 ms. The entire image then disappeared from the screen, and observers gave
an attractiveness rating for the cued target face. During the alone trials, the same target face was
presented in isolation for 2000 ms. The cheerleader effect was calculated by subtracting the
attractiveness ratings given to the face when it was seen alone, from the rating given to the same
face when it was seen in a group. Consistent with the cheerleader effect, Walker and Vul (2014)
found that both male and female faces were perceived to be significantly more attractive in a
group than when seen alone. The size of the cheerleader effect remained constant for faces
shown in groups of 4, 9, and 16 faces. Furthermore, the cheerleader effect occurred for faces
within naturally occurring group images, as well as for faces presented side by side to create a

composite group (as in Figure 2.4).

7T am grateful to both Dr Drew Walker and Dr Ed Vul for sharing the story of how their cheerleader effect
research came to be with me.
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Group Condition Alone Condition

a) 2000 ms a) 1000 ms
b) 1000 ms  b) 1000 ms
How attractive was the target face?
<) ; :
<) R | diaas 0 i

Figure 2.4. An example of Walker and Vul’s (2014) cheerleader effect paradigm a) the group
stimulus is initially presented un-cued b) the target face is cued from the group c) the

attractiveness rating is made along a visual analogue scale.

Walker and Vul (2014) hypothesised that the cheetleader effect was the result of a
complex interaction between ensemble perception, the attractive characteristics of average faces,
and the hierarchical structure of visual working memory. When presented with a group of faces,
the observer rapidly creates an ensemble average (de Fockert & Wolfenstein, 2009; Haberman &
Whitney, 2007, 2009; Neumann et al., 2013). Ordinarily, the ensemble average is an accurate
representation of the average characteristics of the group (e.g., emotion, identity). However,
averageness is highly attractive in faces (Rhodes, 20006), and digitally averaged faces are often
perceived to be significantly more attractive than the individual faces from which they are
composed (Langlois & Roggman, 1990; Rhodes et al., 1999; Rhodes et al., 2001). Walker and Vul
(2014) proposed that much like digitally averaged faces, the ensemble average is also perceived to
be highly attractive, because it possesses the average characteristics of the faces in the group.
Finally, due to the hierarchical structure of visual working memory, the observer recalls the
individual face as being more similar to the ensemble average than it truly was (Brady & Alvarez,
2011; Griffiths et al., 2018). Walker and Vul (2014) hypothesise that because the ensemble

average is more attractive than the individual faces in the group, each individual is recalled as
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being more attractive in a group than when they were alone, ultimately giving rise to the
cheerleader effect. Crucially, although the cheerleader effect is consistent with such a mechanism,
Walker and Vul (2014) did not directly test their proposed hierarchical encoding mechanism.
2.6 Current Aims

The overarching aim of this thesis was to build upon the cheerleader effect paradigm to
explore the changes in social perception that occur when an individual face is presented in a
group, compared to when they are seen alone (Walker & Vul, 2014). My first aim was simply to
investigate whether the cheerleader effect could be replicated. Despite the considerable media
attention that Walker and Vul’s (2014) article received, neither a replication, nor an extension, of
the cheerleader effect had been published since their initial findings®. Second, 1 investigated
whether the cheerleader effect is subject to visuospatial asymmetries of attention, which are
known to influence gaze behaviour and perceptions of attractiveness. Third, I investigated
whether the cheerleader effect extends beyond aesthetic attractiveness judgments to trait
judgments of trustworthiness. Finally, I investigated whether the cheerleader effect is, in fact,

caused by the hierarchical encoding mechanism proposed by Walker and Vul (2014).

8 One non-replication of the cheerleader effect was published by Ojiro et al. (2015) in The Quantitative Methods for
Psychology. Briefly, Ojiro et al. (2015) attempted to replicate Experiment 4 of Walker and Vul (2014), which
investigated whether the size of the cheerleader effect increased in sets of 1, 4, 9, and 16 faces. Walker and Vul
(2014) found a main effect of group size, but reported that the size of the cheerleader effect did not differ between
groups of 4, 9, and 16 faces. Following the method of Walker and Vul (2014), Ojiro et al. (2015) twice failed to
replicate the main effect of group size (although in one experiment the effect neared significance, p = .06). Notably,
Ojiro et al. (2015) failed to report the one-sample ~tests that are necessary to determine whether a significant
increase in attractiveness has occurred in any group condition (although visual inspection of the figures suggests that
the basic cheerleader effect was not significant). However, closer examination of the article history of Ojiro et al.
(2015) shows that the article was published just one week after being received by the journal, raising the possibility
that it was not subjected to peer-review. As such, the findings of Ojiro et al. (2015) have been omitted from our
published work, and from this thesis.
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Rationale

While the final aim of this thesis was to investigate the influence of social context on
social perception, the two experiments reported in the following chapter reflect the original line
of research that I had planned to conduct in this thesis. The dominance of the right hemisphere
in the expression and perception of emotion (Borod et al., 1998), causes emotional expressions
to be displayed asymmetrically on the face (Indersmitten & Gur, 2003; Lindell, 2013b), as greater
movement occurs on the left side of the face than the right (Nicholls, Ellis, Clement, & Yoshino,
2004; Sackeim, Gur, & Saucy, 1978). The asymmetric expression of emotion can influence the
perception of emotion, such that the left side of the face is perceived to be happier than the right
(Zaidel, Chen, & German, 1995). Starting with trustworthiness, I planned to investigate whether
these emotional asymmetries would influence the trait judgments that are made from the face.

To foreshadow the results of this chapter, I found no evidence that trustworthiness was
lateralised in the face. Due to the robustness of these non-significant results, I reconsidered the
viability of this original research project. Ultimately, this line of research was not continued, and

I turned my attention toward understanding the nature of social perception in group scenes.
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Abstract

A turn of the head can be used to convey or conceal emotion, as the left side of the face
is more expressive than the right. As the left cheek moves more when smiling, the present study
investigated whether perceived trustworthiness is lateralised to the left cheek, using a trust game
paradigm. In Experiment 1, participants were asked to share money with male and female
“virtual partners”. Left-left or right-right composite faces were used to represent the partners.
There were no differences in the amount shared based on composite face, suggesting
trustworthiness is not lateralised in the face. However, there was a robust effect whereby female
partners were perceived to be significantly more trustworthy than males. In Experiment 2, the
virtual partners presented either the left or the right cheek prominently. As in Experiment 1, the
amount shared with the partners did not change depending on the cheek presented. Interestingly,
female partners were again sent significantly more money than males. We found no support for
lateralised trustworthiness in the face, suggesting that asymmetries in the face are not large
enough to influence trustworthiness judgments. Instead, more stable facial features, such as sex-

typical characteristics appear to influence perceived trustworthiness.
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Introduction

Despite the cautionary reminder not to “judge a book by its cover”, we regularly make
social judgments about individuals that are based solely on their facial appearance. These social
judgments are used to infer the possible attributes that an individual may have, such as how
competent or trustworthy they may be, and can subsequently influence our decision-making. For
example, the perceived competence of politicians vying for election affects voting behaviour
(Antonakis & Dalgas, 2009; Praino, Stockemer, & Ratis, 2014; Todorov et al., 2005). The
attractiveness of criminals influences court room sentencing (Stewart, 1980), and the perceived
trustworthiness of murderers predicts whether they receive a life sentence or are given the death
penalty (Wilson & Rule, 2015, 2016). In reality, it is unlikely that competent appearance makes a
better politician, or that individuals who appear untrustworthy actually commit more gruesome
crimes. While the initial social judgments that we make are based upon a rapid first impression,
these judgments are slowly updated over time to accurately reflect the observed behaviour of the
individual (Chang et al., 2010).

First impressions occur rapidly, and trait impressions occur reliably after a face has been
seen for just 39 ms (Bar et al., 2006; Willis & Todorov, 2006). Importantly, judgments of traits
such as trustworthiness, attractiveness and dominance are consistent both within observers, and
between individuals (Todorov et al., 2015). Judgments of trustworthiness incorporate stable
facial attributes such as attractiveness and dominance (Oosterhof & Todorov, 2008), and also
transient emotional expressions such as smiling (Krumhuber et al., 2007), suggesting that
trustworthiness judgments represent a general valence approximation of the face, and act as an
extension of approach-avoidance decision making (Todorov, 2008). Despite their automatic
nature (Engell et al., 2007; Winston et al., 2002), the accuracy of trustworthiness judgments is
only just better than chance (Kovacs-Balint, Bereczkei, & Hernadi, 2013; Verplaetse et al., 2007).
Any reliable cues to trustworthiness in the face, such as facial width (Carré & McCormick, 2008;

Stirrat & Perrett, 2010), are likely overlooked or over interpreted by perceivers (Olivola &
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Todorov, 2010b). For instance, participants are willing to pay to reveal a photograph of their
partner in a trust game (Eckel & Petrie, 2011; Ewing et al., 2015), suggesting that participants
believe that facial appearance will improve the accuracy of trustworthiness judgments. Yet, when
trustworthy and untrustworthy faces are given identical histories of untrustworthy past
behaviour, participants still share more money with trustworthy faces (Rezlescu et al., 2012). This
line of research suggests that even though trustworthiness judgments are not always accurate,
trustworthy appearance continues to bias decision-making in spite of more reliable cues, such as
reputation or previous behaviour.

Trustworthy appearance is influenced by smiling (Oosterhof & Todorov, 2008;
Scharlemann et al., 2001), as faces showing either posed or genuine smiles are perceived as more
trustworthy than those showing no expression (Krumhuber et al., 2007). Emotional expressions,
such as smiles, are displayed asymmetrically on the face (Lindell, 2013b), which can have
important implications for the perception of emotion. The left side of the face is more
expressive than the right, and produces greater movement when displaying emotion (Borod,
Kent, Koff, Martin, & Alpert, 1988; Lindell, 2013b; Nicholls et al., 2004; Sackeim et al., 1978).
There is a well-documented preference for subjects to present the more expressive left cheek in
photographs and painted portraits (Lindell, 2013b; McManus & Humphrey, 1973; Nicholls,
Clode, Wood, & Wood, 1999b; Powell & Schirillo, 2009), suggesting that a turn of the head is
used to control the communication of emotion. Indeed, Nicholls et al. (1999b) found
participants presented their left cheek when asked to pose for an emotional photograph, but
presented the right cheek when asked to conceal emotion. The findings of Nicholls et al. (1999b)
indicate that we have an innate understanding of the communicative role of the left and right
sides of the face, and deliberately present one cheek depending on our motivation.

Photographs that present the left cheek are judged to be more emotionally expressive
than those showing the right (Nicholls, Wolfgang, Clode, & Lindell, 2002), which can have

important implications for the social judgments that are made from first impressions of faces.
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Asymmetries in the expression and perception of emotion are commonly investigated using
composite faces, wherein one hemiface is mirror-reversed and fused with its original orientation,
to create a symmetrical face that consists of two left or two right hemifaces (Indersmitten &
Gur, 2003; Okubo, Ishikawa, & Kobayashi, 2013; Sackeim et al., 1978). For example, smiling
left-left composite faces are rated as happier (Zaidel et al., 1995), while right-right composites are
judged to be more attractive (Zaidel et al., 1995). This dissociation suggests that the left and the
right hemifaces can influence the perception of emotions and stable traits differently. Although
smiling and attractiveness have been shown to be lateralised in the face (Zaidel et al., 1995) and
both contribute to impressions of trustworthiness (Oosterhof & Todorov, 2008), there have
been few investigations into whether trustworthiness is lateralised within the face. Zaidel, Bava,
and Reis (2003) asked participants to select the most trustworthy composite face, and found that
trustworthiness was not lateralised to either cheek. However, this result must be interpreted with
caution, as participants could indicate within a force-choice task that both faces were “the same”
perceived trustworthiness, and selected the “same” option on approximately 25% of trials. While
Zaidel et al. (2003) suggest trustworthiness might not be lateralised in the face, the inclusion of
the “same” response affects the strength of the conclusions that can be drawn.

More recently, Okubo and colleagues (Okubo et al., 2013; Okubo, Ishikawa, Kobayashi,
& Suzuki, 2016; Okubo, Kobayashi, & Ishikawa, 2012) investigated the lateralisation of
trustworthiness in the face, specifically for objectively trustworthy and untrustworthy individuals.
Okubo et al. (2016) asked male participants to pose for a photograph that would be shown to
other individuals in a trust game, before partaking in the trust game themselves. The trust game
is a commonly used paradigm to investigate trustworthiness, in which participants are asked to
share money with one another (Berg, Dickhaut, & McCabe, 1995). Okubo et al. (2016) found
that the most cooperative participants were equally likely to show either cheek in their
photograph. In contrast, untrustworthy participants (i.e., males with the highest instances of

deception in the game) were more likely to present the left cheek rather than the right.
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Potentially, untrustworthy individuals are motivated to appear as trustworthy as possible to
encourage cooperation from their partners. This suggestion implies that untrustworthy
individuals present the left cheek because it appears more trustworthy than the right. In a
separate task in which a new sample of participants rated the trustworthiness of the previously
collected images, untrustworthy males were rated as significantly more trustworthy when
showing the left cheek compared to the right (Okubo et al., 2016). Additionally, Okubo et al.
(2013) found that left-left composite images of untrustworthy males were judged as significantly
more trustworthy than right-right composites. In contrast, there was no trustworthiness
asymmetry for images of trustworthy males where one cheek was featured more prominently
(Okubo et al., 2016) or for composite faces (Okubo et al., 2013). Therefore, unlike Zaidel et al.
(2003), research by Okubo et al. (2013; 2016) suggests that trustworthiness could be lateralised in
the face.

Prompted by the findings of Okubo et al. (2016), we investigated whether trustworthy
appearance is lateralised in the face using a trust game. Okubo and colleagues (2012; 2013; 2016)
asked participants to rate the trustworthiness of images, whereas we used a trust game paradigm.
Trust games are highly sensitive to changes in trustworthy appearance (Rezlescu et al., 2012), and
provide a more ecologically valid means of assessing perceived trustworthiness than asking
participants for trait ratings of stimuli. Additionally, Okubo et al. (2016) found that
untrustworthy males presented their left cheek in a trust game, which suggests that asymmetries
in posing direction are used as a form of communication during this task. We created composite
face stimuli to investigate whether trustworthiness is lateralised in the face. The present study is
the first to investigate whether lateralised trustworthiness influences trusting behaviour using a
trust game paradigm. We hypothesised that left-left composite images would be sent more
money than right-right composite faces.

To extend upon the work of Okubo et al. (2012; 2013; 2016), we also included images of

female partners in the trust game. Females are more emotionally expressive (Nicholls, Clode,
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Lindell, & Wood, 2001) and consistently show stronger left posing biases than males (Lindell,
2013b). Therefore, it is possible that the emotional asymmetries that influence trustworthy
appearance in males might be more apparent amongst females. As this factor has not been
examined previously by Okubo and colleagues (2012; 2013; 2016), we did not make a directional
hypothesis in relation to sex of the partner, but including it as an exploratory variable.
Experiment 1
Method
Participants

Forty participants (M, = 21.4, §D = 7.03, 20 females) were recruited from Flinders
University. Participants received course credit for their participation, as well as a “bonus”
payment of $5.00 AUD (see Trust Game below). As participants were required to be right-handed
as defined by the FLANDERS handedness survey (Nicholls, Thomas, Loetscher, & Grimshaw,
2013), one left-handed participant was excluded. An additional participant was excluded for
using a predetermined strategy in the trust game (Rezlescu et al., 2012), where they declined to
share money with the majority of partners (> 81% trials). The final sample consisted of 38
participants (M, = 21.37, §D = 7.19, 20 females). The Flinders University Social and
Behavioural Research Ethics Committee granted ethical approval.
Apparatus

The experiment was presented using E-Prime 2.0 (Psychology Software Tools,
Pittsburgh, PA), interfaced with a 22” monitor with a refresh rate of 60Hz (1680 x 1050 px).
Stimuli were viewed at a distance of 500 mm, and head movements were minimised by using a
chin-rest. Responses were made via an accessory numerical keypad. The hand used to respond
on the keypad was counterbalanced between participants. Participants were monitored while they
completed the experiment through a live video feed in the testing room to ensure they stayed on

task.
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Stimuli

Composite faces. Composite faces are commonly used to investigate emotional
asymmetries between the left and right sides of the face (Okubo et al., 2013; Sackeim et al.,
1978). In the present study, we created composite faces to investigate whether trustworthiness
was lateralised in one cheek. To create the composite faces, we first sourced original images from
the Karolinska Directed Emotional Faces database (KDEF; Lundqvist, Flykt, & Ohman, 1998).
In the original images, both female and male models were asked to pose expressions of
happiness, while positioned directly in front of the camera.

We created our composite stimuli by dividing each original face along the vertical
midline, to separate the left and right hemifaces. Each hemiface was then copied and mirror-
reversed, before being realigned with the original. This procedure resulted in a pair of
symmetrical left-left and right-right composite faces, for each of the original KDEF models
(Okubo et al., 2013; Sackeim et al., 1978). A grey oval-shaped mask was fitted to each composite
image to occlude external facial features that may reveal obvious signs of symmetry. If either of
the composite faces for a model appeared unrealistic, both composite images were excluded
from the final stimulus set. This procedure ensured each identity had both a left-left and right-
right composite image, so that any difference observed in the experiment was the result of the
expressivity of the faces — rather than having different models as left-left and right-right
composites.

The final stimulus set contained 88 unique faces: a left-left and a right-right composite
image for 22 models of each gender. Each image was presented twice during the experiment, for
a total of 176 trials. The composite stimuli were randomised into 4 blocks of 44 faces. The left-
left and right-right composites of each model always appeared in separate blocks, and all 88
stimuli were seen once before being presented a second time. Within each block, the stimuli

appeared in random order.
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Trust Game. Berg et al. (1995) introduced the trust game paradigm (or Investment
Game) to investigate both #7ust and trustworthiness. In the original paradigm, “Player A” is
endowed with $10 and can send any amount to “Player B”. The amount shared by Player A is
multiplied by a fixed factor before Player B receives it. Player B can then choose to keep the
entire sum, or to return any amount back to Player A. The amount sent from Player A to Player
B is the measure of #ust, while the amount returned to Player A from Player B is the measure of
trustworthiness. As is often the case, our trust game was modified slightly, and was similar to that
used by Stanley, Sokol-Hessner, Banaji, and Phelps (2011) and Chang et al. (2010).

All of our participants played the trust game as Player A, and were provided with a cover
story about Player B (the partner), which was used to increase the realism of the task (see also
Stanley et al., 2011). The cover story closely followed the standard procedure for the trust game,
and informed the participants that the photographs shown during the task were individuals who
completed a previous experiment as Player B. Recall that we created composite faces using
images from the KDEF database to present to participants as their partners in the trust game. In
reality, we only measured the amount of money sent from the participant to each partner. The
partners did not interact with participants by actually playing the trust game, nor did participants
receive feedback about the behaviour of their partner on each trial.

The cover story informed participants that they would have 10 virtual dollars to share
with each virtual partner (in whole dollar increments). The sum shared by the participant would
be multiplied by 4 and given to the virtual partner, who had previously indicated whether they
would keep the entire sum for themselves or split the funds evenly with Player A. This modified
payoff structure meant that sharing money with a trustworthy partner (i.e., one who returned the
money) would double the participant’s money, while sending money to an untrustworthy partner
(i.e., one who kept the money) would result in a loss of funds.

Participants were also informed there was an opportunity for a “bonus” cash payment at

the end of the experiment, that would be equal to the amount a partner returned to them on one
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randomly selected trial (Stanley et al., 2011). Therefore, giving money to a trustworthy partner
would result in a bonus payment, whereas no bonus would be given for sending money to an
untrustworthy partner. We included the bonus payment in our cover story to encourage
participants to examine the photographs of their partners and to actively evaluate their
trustworthiness. All participants received the bonus payment at the conclusion of the
experiment.
Procedure

Following consent, participants received written and verbal instructions, which included
a knowledge test about the rules of the trust game and the bonus payment, before completing
two practice trials. The instructions given to the participants did not include the terms “trust” or
“trustworthiness”. At the start of each trial, a face was presented for 3000 ms. A prompt
reminding participants they had $10 to share with the partner was then presented for 1500 ms.
Participants then indicated how much money they would share with the partner. Invalid
responses (i.e., amounts > §10) were automatically rejected, and had to be re-entered by the
participant. The FLANDERS handedness survey (Nicholls et al., 2013) was always completed at
the end of the experiment to avoid making the lateralised nature of the task salient. The
experiment took 30 minutes to complete.
Results

The amount of money shared with the virtual partners was analysed using a mixed-model
analysis of variance (ANOVA), in which composite image (left-left, right-right) and sex of the
virtual partner (female, male) were within-participant factors, and participant sex (female, male)
was a between-participant factor. There was a significant main effect of sex of the virtual partner,

F(1,36) = 55.55, p <.001, /7; = .607, as participants shared more money with female (M = 4.44,

SD = 1.54) than male (M = 3.32, §D = 1.78) partners. Critically, the main effect of composite

image was non-significant, F(1,36) = 1.95, p = .172, 77;: = .051. Participants shared a similar
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amount of money with left-left (M = 3.85, §D = 1.58) and right-right (M = 3.91, §D = 1.62)
composite faces. The main effect of sex of the virtual partner is evident in Figure 3.1, which also
shows the non-significant effect of composite image. All remaining main effects and interactions

failed to reach significance (F’s < 1.52, p’s > .227).
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Figure 3.1. The amount of money shared with each partner separated by sex of the virtual partner
and composite image. Within-participant error bars represent the standard error of the mean

(Cousineau, 2005).

Discussion

When tasked with sharing money with virtual partners, participants shared a similar
amount of money with left-left and right-right composite faces. Our results indicate that
trustworthiness is not lateralised in the face, as we failed to observe any differences in the
perceived trustworthiness of composite faces. This finding is consistent with Zaidel et al. (2003),
who did not find a difference in perceived trustworthiness for composite faces. However, our
findings are at odds with Okubo et al. (2013) who found that left-left composites of

untrustworthy individuals were more trustworthy than their right-right composites. Okubo et al.
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(2016) also showed that untrustworthy males were more likely to present the left cheek to their
partners. Importantly, this result occurred amongst males, who typically exhibit weaker left
posing biases than females (Lindell, 2013b), suggesting that untrustworthy individuals intuitively
offer the left cheek when trying to appear trustworthy. It could be the case that asymmetries in
relation to trustworthiness become apparent when people alter their pose to show a cheek
prominently.

An unexpected, but robust, effect was observed in relation to the sex of the virtual
partner. A female trustworthiness premium was observed by which participants shared
approximately 25% more money with females than males, indicating that female partners were
perceived as more trustworthy. Our finding appears to be novel in the trust game, as typically
one gender of stimuli has been used in this context to simplify the design (i.e., Rezlescu et al.,
2012). Our finding is consistent with prior research examining the influence of stable masculine
facial appearance on perceived trustworthiness. The facial width to height ratio is a sexually
dimorphic trait (though see Lefevre et al., 2012), by which the width of the lower face is
influenced by testosterone exposure (Carré & McCormick, 2008; Stirrat & Perrett, 2010; Weston,
Friday, & Lio, 2007). Facial width influences the perception of masculinity and dominance in the
face; two traits negatively correlated with trustworthy appearance (Oosterhof & Todorov, 2008;
Todorov et al., 2008). Typically, masculine faces are perceived as dominant and less trustworthy
than feminine faces (Todorov, Dotsch, Porter, Oosterhof, & Falvello, 2013). Consequently, male
faces often receive lower ratings of trustworthiness than female faces (Wincenciak, Dzhelyova,
Perrett, & Barraclough, 2013), a finding replicated in the present study. The reduced trust in male
partners observed in the present study may be the result of masculine facial appearance signalling
dominance, making males appear less trustworthy than their female counterparts (Oosterhof &

Todorov, 2008; Todorov et al., 2008).
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Experiment 2

Previous research has shown that people alter their pose when attempting to either
convey or conceal emotion (Nicholls et al., 1999b), because the left side of the face is more
emotionally expressive than the right (Borod et al., 1988; Nicholls et al., 2004). The left side of
the face moves more during a smile (Borod et al., 1988), and smiling is related to trustworthy
appearance (Krumhuber et al., 2007; Oosterhof & Todorov, 2008). Interestingly, untrustworthy
individuals are more likely to pose showing the left cheek, which is perceived as more
trustworthy than the right (Okubo et al., 2016).

We investigated whether a difference in perceived trustworthiness would be evident for
images of individuals predominantly showing either the left or the right cheek. In contrast to
Experiment 1, which used composite images, faces showing one cheek prominently appear more
naturalistic. Perhaps, as Burt and Perrett (1997) argue, the unnatural symmetry created in
composite stimuli influenced the perceived trustworthiness of the faces shown in Experiment 1.
We predicted that more money would be shared when partners posed the left cheek compared
to the right cheek; although, no difference between the posing conditions would replicate our
results from Experiment 1, and strongly suggest that trustworthiness is not lateralised in the face.
Finally, it was also predicted that female partners would be sent more money than males,
replicating the strong effect of the female trustworthiness premium observed in Experiment 1.
Method
Participants

Forty participants (M, = 24.38, D = 8.81, 20 females) were recruited from Flinders
University. Participants received $20.00 AUD: $15.00 AUD for their participation and $5.00
AUD as a bonus payment (as in Experiment 1). All participants were right-handed as defined by
the FLANDERS handedness survey (Nicholls et al., 2013). Three participants were excluded for

using a predetermined strategy to share the maximum amount of money with the majority of
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partners (> 98% of trials) (Rezlescu et al., 2012). The final sample included 37 participants (M,
= 23.57, 5D = 8.28, 19 females).
Apparatus, Stimuli & Procedure

The apparatus, trust game, and procedure were identical to Experiment 1, and the images
selected for the virtual partners in the trust game were again of models expressing happiness
from the KDEF database (Lundqvist et al., 1998). To test the effect of prominent cheek on
trustworthy appearance, the images selected for the present experiment had been photographed
simultaneously on 45° angles to the left and right of the centre of the model’s face (Lundqvist et
al., 1998). These images differed from the centrally photographed images used in Experiment 1.
Mirror-reversals of each image were included in the stimuli set to ensure that any trustworthiness
asymmetry observed between the left and right sides of the face was indeed caused by the
emotional expressivity of the face itself, rather than aesthetic preferences or perceptual
asymmetries on behalf of the viewer (Burt & Perrett, 1997). However, we also included image
orientation as a factor in our analysis to explore whether perceptual asymmetries influenced
perceived trustworthiness.

Participants saw each model 4 times, once in each possible orientation: left cheek
original, left cheek mirror-reversal, right cheek original, and right cheek mirror-reversal. The
stimuli were randomised into 4 blocks of 70 trials. Within each block, one image of each model
was presented and stimuli were presented in a random order. The experiment had 280 trials and
took 45 minutes to complete.

Results

The amount of money shared with the virtual partners was analysed using a mixed-model
ANOVA, in which prominent cheek (left, right), orientation (original, mirror-reversed) and sex
of the virtual partner (female, male) were within-participant factors, and participant sex (female,
male) was a between-participant factor. The main effect of sex of the virtual partner was

significant, F(1,35) = 66.47, p < .001, 77]2) = .655. As in Experiment 1, participants shared more
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money with female (M = 5.07, §D = 1.33) than with male (M = 4.06, D = 1.38) partners (see
Figure 3.2). Critically, the main effect of prominent cheek was non-significant, F(1,35) = 1.35, p

= .253, 1, = .037. Participants shared a similar amount of money with partners when either the

left (M = 4.55, §D = 1.30) or the right (M = 4.58, §D = 1.31) cheek was presented. As indicated
in Figure 3.2, there was no evidence that left cheek poses attract larger investments than right
cheek poses. The main effects of orientation and participant sex failed to reach significance, as
did all lower order interactions (F’s < 2.47, p’s > .125).

The four way interaction between prominent cheek, orientation, sex of the virtual partner

and participant sex was significant, F(1,35) = 6.66, p = .014, /7; = .160. Analyses conducted to

interpret the interaction showed that when female participants interacted with female virtual
partners, there was a significant interaction between prominent cheek and orientation, F(1,18) =

9.37, p = .007, /7; = .342. A significant perceptual asymmetry on behalf of the viewer would be

indicated by a significant asymmetry in the original presentation orientation that was reversed in
the mirror-reversal orientation (Dunstan & Lindell, 2012). Yet this was not the case; following
Bonferroni corrections for multiple comparisons (p = .025), both post hoc paired-samples #tests

were non-significant. As such, we believe the observed four factor interaction was spurious.
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Figure 3.2. The amount of money invested with each partner separated by sex of the virtual
partner and prominent cheek. Within-participant error bars represent the standard error of the

mean (Cousineau, 2005).

Discussion

The use of real faces in lieu of composite faces did not change our results; there was no
evidence that the left cheek was perceived as more trustworthy than the right. Collectively, our
findings from Experiments 1 and 2 indicate that trustworthiness is not lateralised in the face.
Interestingly, however, more money was once again shared with female compared to male
partners. On average, females were sent approximately 20% more money than males. Across
both experiments, our findings clearly show that females were seen as more trustworthy and
receive a female trustworthiness premium.
General Discussion

The present study, which was the first to directly investigate the lateralisation of
trustworthiness using a trust game, found no evidence that one side of the face is perceived as

more trustworthy. Contrary to our hypothesis, the left cheek was not perceived as more
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trustworthy than the right, for either composite faces or for faces that featured one cheek more
prominently than the other. Our results are consistent with Zaidel et al. (2003), who also
reported no differences in perceived trustworthiness using composite stimuli. As we replicated
these findings using real faces in Experiment 2, the lack of a significant difference in Experiment
1 was not the result of using artificial composite faces. Rather, our results support the suggestion
that trustworthiness is not lateralised in the face (Zaidel et al., 2003). However, our results are at
odds with Okubo et al. (2013), who found that amongst untrustworthy males, left-left
composites are rated as more trustworthy than right-right composites. Furthermore, Okubo et al.
(2016) found that untrustworthy males were more likely to present their left cheek in a
photograph for a trust game, which was subsequently judged to be more trustworthy than
showing the right cheek. The findings of Okubo and colleagues (2013; 2016) suggest that
trustworthiness is lateralised in the face of objectively untrustworthy males.

We believe that the inconsistency between our results and those of Okubo et al. (2013)
can be explained by prior research into the relationship between physical characteristics of the
face and objective measures of trustworthiness. Facial width is a sexually dimorphic trait (Weston
et al., 2007) that is related to perceived dominance and therefore untrustworthy appearance
(Oosterhof & Todorov, 2008), whilst being correlated with both untrustworthy and aggressive
behaviour in males (i.e., objective trustworthiness) (Carré & McCormick, 2008; Carré,
McCormick, & Mondloch, 2009; Stirrat & Perrett, 2010). Males with wider faces are more likely
to deceive their partners in a trust game (Stirrat & Perrett, 2010). Consistent with Stirrat and
Perrett (2010), Okubo et al. (2013) reported that composite faces of untrustworthy males were
wider than those of trustworthy males. Taken together, these findings suggest that untrustworthy
individuals may have wider faces than trustworthy individuals. Wider faces might be prone to
larger emotional asymmetries than typical faces, which could, in turn, influence the strength of

emotional asymmetries.
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The trustworthiness asymmetry reported by Okubo and colleagues (2013; 2010) is only
apparent for objectively untrustworthy individuals, suggesting it is imperative for future research to
use stimuli in which the objective trustworthiness of the photographed individuals is known.
Presumably, any trustworthiness asymmetry that exists for untrustworthy individuals would be
masked in a sample of faces that also includes trustworthy individuals (as the KDEF presumably
does). As the faces used in the present study came from the KDEF database (Lundqvist et al.,
1998), the objective trustworthiness of the models in the photographs is unknown (i.e., it is
impossible to determine whether or not these individuals are actually trustworthy in the real
world). As such, it is beyond the scope of the present study to investigate whether a
trustworthiness asymmetry is only apparent for untrustworthy individuals.

Future research would be well served to identify objectively trustworthy and
untrustworthy individuals, before re-examining the possibility that trustworthiness is lateralised
in the face, using the design of the present study. Presently, this suggestion is limited because the
trustworthiness of the individuals in face databases is very rarely known. In future, it will be
important to investigate whether subjective ratings of trustworthiness can be used as a proxy for
objective trustworthiness. In order to do so, it will be necessary to obtain information about the
actual behaviour of the individuals who were being photographed, and to then obtain subjective
ratings of trustworthiness. An interesting possibility could be that emotional asymmetries are
exaggerated in individuals that are subjectively rated as very untrustworthy, as well as those who
are objectively untrustworthy (Okubo et al., 2013).

Judgments of perceived trustworthiness are influenced by a myriad of features within the
face, including those that are temporary and those that are stable. Though Zaidel et al. (1995)
found that left-left composite faces had larger smiles, the same left-left composites were no more
trustworthy than right-right composites (Zaidel et al., 2003), suggesting that the asymmetries in
smiling displays are not strong enough to alter the perceived trustworthiness of composite faces.

Furthermore, the results of Zaidel et al. (2003) also suggest that trustworthy appearance is not
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contingent on smiling. This suggestion is supported by research showing that faces without
emotional expressions are also rapidly judged for trustworthiness (Engell et al., 2007). The
dissociation between smiling and trustworthiness suggests that stable facial features may be more
important in facilitating rapid judgments of trustworthiness than temporary expressions like
smiles. This suggestion is consistent with the hypothesised role of trustworthiness judgments in
approach-avoidance decision-making (Todorov, 2008). Importantly, a smile is one of the easiest
facial expressions to fake (Ekman & Friesen, 1982; Okubo et al., 2012). An untrustworthy
individual posing a fake smile could easily thwart an approach-avoidance mechanism if this
decision relies too heavily on cues that can be faked. Rather, it would appear that approach-
avoidance decision-making and consequently, judgments of trustworthiness, rely on stable traits
that are not easily faked, such as dominance and facial width.

Cosmides and Tooby (1992) hypothesised that humans have evolved a specific
mechanism that assists in identifying untrustworthy individuals, and indeed, trustworthiness
judgments appear to have a biological basis. The amygdala shows an automatic response to the
trustworthiness of faces (Engell et al., 2007), even when the trustworthiness of the face is task
irrelevant (Winston et al., 2002). The activation of the amygdala is non-linear, such that
untrustworthy faces elicit stronger responses than trustworthy faces (Said et al., 2009a; Todorov,
2008). The activation pattern of the amygdala suggests that the function of trustworthiness
judgments is not to distinguish between individuals with highly trustworthy appearance; rather it
is to avoid untrustworthy individuals. Perhaps the cost of mistakenly interacting with an
untrustworthy individual is greater than that of missing the opportunity to co-operate with a
highly trustworthy individual. Therefore, while the left cheek can pose a larger smile (Borod et
al., 1988; Zaidel et al., 1995), the increase in positive expression due to a smiling asymmetry may
not be large enough to influence the already established trustworthiness judgment (Zaidel et al.,

2003).
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In both of our experiments, female partners were given more money than males,
suggesting that females were perceived as more trustworthy. This female trustworthiness
premium was worth approximately 25% in Experiment 1 and 20% in Experiment 2. As noted
above, this finding appears novel in the context of a trust game, because stimuli are typically
selected on the basis of trait attributions, such as being trustworthy (Rezlescu et al., 2012) or
attractive (Wilson & Eckel, 2006), rather than sex differences. Our finding is consistent with
gender differences that have been shown in two player trust games, in which the participants did
not know the gender of their partner. Females return a greater proportion of money sent to
them by their partner (Buchan, Croson, & Solnick, 2008); whereas males are more likely to lie to
their partners to increase their own payoff (Dreber & Johannesson, 2008). These findings
suggest that the female trustworthiness premium may occur simply because females are more
trustworthy than males in this setting. However, when only a name is used to reveal the partner’s
gender, there is no advantage for partners with female names relative to those with male names
(Buchan et al., 2008). If the female trustworthiness premium were the result of learning that
females are more trustworthy than males, a partner with a female name should be trusted more
than a male. As this does not appear to be the case (Buchan et al., 2008), we suggest that
feminine facial appearance is required to observe the female trustworthiness premium, shown in
the present study.

As discussed above, trustworthy appearance is related to the perception of trait
dominance, which in turn varies with masculine facial appearance (Oosterhof & Todorov, 2008;
Todorov et al., 2013). Consequently, female faces are rated as more trustworthy than male faces
(Wincenciak et al., 2013). Trustworthy appearance strongly influences decision making, as
Rezlescu et al. (2012) found that facial trustworthiness continues to influence decision-making in
the trust game, even when participants are given information about the past behaviour of the
individual. We suggest that the female trustworthiness premium is consistent with the preference

for trustworthy appearance observed by Rezlescu et al. (2012). Rather than being the result of
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females actually being more trustworthy than males, the female trustworthiness premium likely
reflects the sexually dimorphic relationship through which facial width influences perceptions of
dominance and consequently untrustworthy appearance. Although we cannot be certain whether
the female trustworthiness premium reflects experiences in which females are actually more
trustworthy or that feminine faces are perceived as more trustworthy, our results clearly show
that gender of a seen partner can significantly influence the behaviour of the participants in the
trust game.

Across two iterations of the trust game we found no evidence for lateralised
trustworthiness, using both composite faces, and images in which the model posed the left or
right cheek. Instead, we suggest that stable characteristics, such as masculinity and dominance,
appear to influence perceived trustworthiness more than asymmetries in emotional expressions
such as smiling. Though the left side of the face is more expressive, perhaps the function of
trustworthiness judgments is not to distinguish between slight differences in trustworthy
appearance, which may be induced by emotional asymmetry, but rather to avoid untrustworthy
individuals entirely. We also found strong evidence that female faces are perceived as more
trustworthy than males; females were sent between 20 and 25 per cent more money than males.
This female trustworthiness premium may be another instance of rapid impressions of
trustworthy appearance, namely feminine facial features, influencing subsequent decision-

making.
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Chapter 4: Do Visuospatial Asymmetries Modulate The Cheerleader Effect?
Citation

The entirety of this chapter has been published: Carragher, D. J., Lawrence, B. J.,
Thomas, N. A., & Nicholls, M. E. R. (2018). Visuospatial asymmetries do not modulate the
cheetleader effect. Scientific Reports, 8(1), 2548, doi: 10.1038/s41598-018-20784-5.

The article has been reproduced here in full. Authors BJL, NAT and MERN
contributed to the conceptualisation of the current project and edited the manuscript.
Rationale

Despite the breadth of research conducted in the field of social perception, very little is
known about the way trait judgments are made about an individual when they are seen in a social
context. The few studies to investigate the influence of social context on social perception report
that the attractiveness of an individual is modulated by social context. Most recently, Walker and
Vul (2014) reported that the same individual was perceived to be more attractive when seen in a
group compared to alone, a phenomenon they called “the cheerleader effect”. Despite the
popularity of the original article, the cheerleader effect had not been replicated, which I found
curious given both the novelty of the original findings, and the range of possible implications
these findings have for the wider field of social perception. In the following chapter, I
investigated whether the cheerleader effect could be replicated (Walker & Vul, 2014). I also
investigated whether an attentional bias toward the left side of space would influence the size of

the cheerleader effect (Bowers & Heilman, 1980; Guo, Meints, Hall, Hall, & Mills, 2009).
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Abstract

The cheerleader effect occurs when the same individual appears to be more attractive
when seen in a group, compared to alone. As observers over-attend to visual information
presented in the left visual field, we investigated whether the spatial arrangement of the faces in a
group would influence the magnitude of the cheerleader effect. In Experiment 1, farget faces were
presented twice in the centre of the display: once alone, and once in a group. Group images
featured two distractor faces, which were presented in either the left or the right visual field, or on
either side of the target. The location of the distractor faces did not modulate the size of the
cheerleader effect, which was observed in each group configuration. In Experiment 2, we
manipulated the location of the Zarget faces, which were presented at the far left, far right, or centre
of the group. Faces were again significantly more attractive in each group configuration, and the
spatial location of the zarget face did not influence the size of the cheerleader effect. Together, our
results show that the cheerleader effect is a robust phenomenon, which is not influenced by the

spatial arrangement of the faces in the group.
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Introduction

Attractiveness is an important social cue that is rapidly evaluated from the face during
first impressions (Oosterhof & Todorov, 2008; Willis & Todorov, 2006). Attractive individuals
are attributed many positive stereotypes (Dion et al., 1972), including competence (Langlois et
al., 2000) and intelligence (Eagly et al., 1991). Furthermore, attractive individuals receive more
lenient criminal sentences (Stewart, 1980), and an increased vote share in elections (Stockemer &
Praino, 2015), when compared to unattractive individuals. Facial attractiveness is signalled by the
characteristics of the face being examined, including averageness, symmetry, and a sexually
dimorphic appearance (Little et al., 2011b; Perrett et al., 1998; Rhodes, 20006). Because
attractiveness is related to physical cues in the face, the majority of research has presented facial
stimuli in isolation (i.e., a single face is presented at a time) (Phillips et al., 2014). Yet, we often
meet strangers for the first time in social settings (e.g., in a boardroom or a bar). Recent findings
have suggested that the perceived attractiveness of a face is influenced by social context (Futl,
2016; Geiselman et al., 1984; van Osch et al., 2015; Walker & Vul, 2014).

Previous research has shown that the presence of other faces in a group influences the
attractiveness evaluations made for individual faces (Walker & Vul, 2014). For example, the
attractiveness of an individual is raised in the presence of an attractive group, but lowered in an
unattractive group (Geiselman et al., 1984). Furthermore, an unattractive, but task irrelevant, face
can strongly influence the rate of preference choices made between two attractive faces (Furl,
2016). Most curiously, the same face is also perceived to be more attractive when it is seen in a
group, compared to when seen alone; a phenomenon described as “the cheerleader effect”
(Rashid & Fryman, 2008; Walker & Vul, 2014). The cheetleader effect occurs for both male and
female faces, shown in groups of same gender faces. Furthermore, the cheerleader effect occurs
for groups of various sizes, from 4-16 group members (Walker & Vul, 2014). The cheerleader
effect strongly suggests that it is not only the attractiveness of the individual face that is

evaluated, but that the surrounding faces are also encoded by the observer, which interfere with
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attractiveness evaluations (Phillips et al., 2014). Together, these findings show that attractiveness
judgments change when an individual appears in a group, and that the social perception of an
individual within a group is a unique process, whereby irrelevant faces influence our judgments
of specific individuals (Phillips et al., 2014).

When meeting a group for the first time, each group member is evaluated (Phillips et al.,
2014). However, if each group member was evaluated individually, group perception would be
both time consuming and cognitively demanding to perform. Rather, through the process of
ensemble coding, the visual system rapidly summarises the group display, which allows observers
to identify the mean characteristics of the group (Alvarez, 2011). Through ensemble coding,
observers are able to accurately report the average size of a group of circles (Ariely, 2001), or the
average emotion displayed by a group of faces (Haberman & Whitney, 2007, 2009). Although
observers can accurately recall the average size of a group of circles (Ariely, 2001), when asked to
recall the size of an individual circle from the group, observers recall the circle as being similar in
size to the group average (Brady & Alvarez, 2011). For example, a small individual circle
presented among a group of large circles is recalled as being larger than it truly was. Brady and
Alvarez (2011) suggest that ensemble coding occurs hierarchically, such that the average
characteristics of the group influence the recall of individual items from the same group’.

Walker and Vul (2014) proposed that the cheerleader effect occurs due to the
hierarchical nature of ensemble coding. Initially, faces presented in a group image are
automatically summarised into an ensemble average, through ensemble coding (Chong &
Treisman, 2005b). The ensemble average has the average characteristics of the faces in the group
(Haberman & Whitney, 2009), including the face being evaluated, and the irrelevant faces.
Crucially, averageness is a trait that is perceived to be highly attractive in faces (Langlois &

Roggman, 1990; Rhodes, 2006; Rhodes et al., 1999; Said & Todorov, 2011). Average faces that

9 With the benefit of hindsight, I now realise that this explanation of hierarchical encoding does not appropriately
explain that it is the structure of visual working memory, not ensemble coding, that is proposed to be hierarchical.
However, as this chapter has already been published, I have elected to present this work as it was written at the time.
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are created by digitally averaging many faces together are perceived to be more attractive than
the individual faces included in the averaging process (Langlois & Roggman, 1990; Rhodes et al.,
2001). Walker and Vul (2014) suggest that the ensemble average for a group of faces is also
perceived to be highly attractive, because it has the average facial characteristics of the individual
faces in the group. Walker and Vul (2014) suggest that the hierarchical structure of ensemble
coding gives rise to the cheerleader effect, because an observer will recall the attractiveness of an
individual face from the group as being similar to that of the ensemble average. Because the
ensemble average is perceived to be highly attractive, observers will systematically recall any
individual face seen in the group as being more attractive than when previously seen alone
(Walker & Vul, 2014).

The cheerleader effect demonstrates that irrelevant faces in the group (i.e., those not
being evaluated), influence the perceived attractiveness of an individual. When considering how a
group of individuals is commonly seen, it is clear that most groups are arranged horizontally so
that the group members are standing side by side. The spatial arrangement of the faces within
the group may modulate the strength of the cheerleader effect, because most people over-attend
to visuospatial information that is presented within the left visual field (LVF); a phenomenon
known as pseudoneglect (Bowers & Heilman, 1980; Jewell & McCourt, 2000). This LVF bias
likely arises because the right hemisphere, which processes the visual information in the LVF, is
dominant for visuospatial processing (Kinsbourne, 1970). Pseudoneglect is demonstrated in line
bisection tasks, whereby observers erroneously mark the centre of a horizontal line to the left of
the true centre (Jewell & McCourt, 2000; Nicholls, Bradshaw, & Mattingley, 1999a).
Interestingly, pseudoneglect also influences representational memory (Brooks, Della Sala, &
Darling, 2014), whereby observers show greater accuracy when recalling landmarks that are seen
in the LVF compared to the right visual field (RVF) (McGeorge, Beschin, Colnaghi, Rusconi, &
Della Sala, 2007). Similarly, observers are more accurate in recalling changes in complex visual

patterns when they occur in the LVF as opposed to the RVF (Aniulis, Churches, Thomas, &
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Nicholls, 2016). The cheerleader effect might be modulated by the spatial arrangement of the
faces in the group, because the attention of the observer is not equally distributed across the
visual field, and consequently, the individual faces in the group.

Attentional asymmetries have also been shown to influence the processing of human
faces (Kanwisher et al., 1997; Yovel, Tambini, & Brandman, 2008). When viewing a human face,
observers gaze toward the right side of the face, which falls within the over-attended LVEF
(Butler et al., 2005; Guo et al., 2009; Guo, Smith, Powell, & Nicholls, 2012; Thomas, Wignall,
Loetscher, & Nicholls, 2014). This preference to examine the side of the face that falls within the
LVF may further reflect the lateralised functions of the right hemisphere, which is not only
dominant for visuospatial processing (Kinsbourne, 1970), but also face processing (Kanwisher et
al., 1997; Yovel et al., 2008). Human infants, adults and rhesus monkeys, have all been shown to
fixate on the left side of the human face, suggesting that the left gaze bias for human faces might
be innate (Guo et al., 2009). Furthermore, the visual scan paths displayed by the majority of
individuals when examining a face also demonstrate an automatic LVF bias, which is not
observed when the same individuals gaze at landscapes or symmetrical objects (Leonards &
Scott-Samuel, 2005). Finally, when given the opportunity to examine faces for an extended
period of time, observers continue to spend significantly more time fixating the side of the face
that falls within the LVF (Guo et al., 2009; Guo et al., 2012). Therefore, when gazing at a group
of faces, observers likely make more fixations toward the faces in the LVF, even over an
extended time period. This left gaze bias for human faces is also reflected in the perceptual
asymmetries shown by observers when making trait evaluations from faces (Burt & Perrett,
1997; Lindell, 2013a).

Observers not only spend longer exploring the right side of the face (i.e., the LVF) (Guo
et al., 2012), but base their trait evaluations of individuals upon the visual information present on
the right side of the face (Burt & Perrett, 1997; Butler et al., 2005; Dunstan & Lindell, 2012;

Indersmitten & Gur, 2003). Observers display a strong perceptual bias, which influences the
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perceived attractiveness of faces, such that the right side of the face is perceived to be more
attractive than the left (Burt & Perrett, 1997; Dunstan & Lindell, 2012; Franklin & Adams, 2010;
Zaidel et al., 1995), and faces presented entirely within the LVF are perceived as more attractive
than faces presented in the RVF (Franklin & Adams, 2010). Burt and Perrett (1997) created
chimeric faces, where one half of the face was highly attractive, while the other was unattractive.
Participants were then presented with two identical faces, one which showed the attractive
hemiface in the LVF, while the other was mirror reversed to show the attractive hemiface in the
RVF. When asked which face was more attractive, observers displayed a strong bias to select the
face with the attractive side presented in the LVF, despite the two faces being identical (Burt &
Perrett, 1997). Furthermore, Dunstan and Lindell (2012) found that female faces were perceived
to be more attractive when they showed the right cheek more prominently. However, when the
same faces were mirror reversed, observers indicated that the left cheek was more attractive
(Dunstan & Lindell, 2012). Crucially, the right side of the face is naturally viewed in the LVF, as
is the left cheek when it is mirror reversed. Together these findings indicate a perceptual bias,
such that faces are perceived to be more attractive when seen in the LVF.

Our aim was to investigate whether the LVF bias for face perception influences the
magnitude of the cheerleader effect. We manipulated the spatial arrangement of the faces in the
group image, such that the target face (i.e., the face being evaluated) would always be presented
in the centre of the display, while the two distractor faces could be presented to the LVF, RVF,
or on either side of the target. As attention is biased toward the LVF (Bowers & Heilman, 1980;
Butler et al., 2005; Jewell & McCourt, 2000), we expected that distractor faces within the LVF
would be more salient to the observer than those in the RVF (Butler et al., 2005; Guo et al.,
2009). Increased visual exploration of the LVF could facilitate ensemble coding, as observers
show greater accuracy in recalling complex visual scenes viewed in the LVF compared to the
RVF (Aniulis et al., 2016). Furthermore, the left gaze bias might also increase the perceived

attractiveness of the distractor faces when they are seen in the LVF compared to the RVF (Burt
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& Perrett, 1997; Franklin & Adams, 2010). Consequently, if the distractors in the LVF are
perceived to be more attractive, the attractiveness of the ensemble average created from the
group should also be increased. Under these conditions, the size of the cheerleader effect would
increase, because the discrepancy between the attractiveness of the ensemble average and the
individual face being evaluated should be greater. We predicted that the cheerleader effect would
be larger when the distractor faces appeared in the LVF compared to the RVE.
Experiment 1
Method
Participants
Sixty-four participants from Flinders University (51 females, M, = 25.58, §D = 8.42)

received course credit for their participation. The Flinders Handedness Survey (FLANDERS)
was used to assess participant handedness (Nicholls et al., 2013). Scores on the FLANDERS can
range from -10 (strongly left handed) to +10 (strongly right handed). Data from left- and mixed-
handed participants (scores = +5; » = 9) were excluded from analysis. Participants with a
cheerleader effect score that was further than 35D from the condition mean (7 = 3), who were
visually impaired (# = 1), or who did not complete the task as instructed (» = 1), were also
excluded from analyses. The final sample consisted of 50 strongly right-handed (M = 9.72, §D =
0.81) participants (41 females, M,, = 26.44, D = 9.26). The procedures in the present research
were approved by, and carried out in accordance with the guidelines of, the Social and
Behavioural Research Ethics Committee of Flinders University.
Stimuli

Images of female faces were collected online, by querying an image search engine using the
search term ‘Bridesmaids’ (van Osch et al., 2015; Walker & Vul, 2014). To control for the
possibility that individuals might pose differently in a group, all face stimuli originally came from
photographs of groups. The faces of individual group members were closely cropped from the

image to create individual portraits. Facial stimuli were selected that directly faced the camera,
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and had both eyes directed toward the camera. The majority of facial stimuli were estimated to
be between 20-40 years old, showing joyous or happy expressions, and appeared to be of
Caucasian ethnicity. Three individual portraits were shown horizontally side by side to create
each group stimulus (see Figure 4.1). Each individual portrait was 68 mm x 80 mm (7.78°, 9.15°)
in size, and group images were 204 mm x 80 mm (23.06°, 9.15°). Stimuli were presented using E-
Prime 2.0 (Psychology Software Tools, Pittsburgh, PA), interfaced with a 22” monitor (1680 x

1050) running at 60Hz, which was positioned approximately 500 mm from the participant.

Screen Centre

(2)

(b)

(©)

(d)

(¢)

Figure 4.1. Example stimulus configurations in Experiment 1 a) LVF distractors b) BL distractors
¢) RVF distractors d) alone target ¢) left dummy trial f) right dummy trial. The target face [red

frame] was presented in the centre of the display for critical trials (a, b, c, d).

Target images were presented twice: once in a group with two distractors, and once alone
as a portrait. Each distractor face appeared in only one group image. Target faces always

appeared in the veridical centre of the display. On group trials, three distractor configurations
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were used: both distractors to the left of the target (LVF distractors), one on either side (bilateral
distractors; BL), or both distractors on the right (RVF distractors). The distractor configuration
for each target face was counterbalanced between-participants, such that each target face was
rated with LVF, BL, and RVF distractors across participants. Importantly, each target face was
shown with the same two distractor faces across participants, ensuring the attractiveness of the
group remained constant (Geiselman et al., 1984). The only difference between distractor
conditions was the configuration of the distractors themselves.

Eighty-four faces were randomly selected from the stimulus set to appear as targets. All
target faces were presented once as an individual portrait (# = 84) and once within a group (7 =
84). The group image trials consisted of 28 trials for each distractor configuration (LVF, BL,
RVF). Dummy group trials (# = 22), in which the “target” was the far left or the far right face in
the group and the distractors filled the two adjacent spaces (see Figure 4.1e, 4.1f), were also
included in the design to prevent participants from fixating on the central face, which was the
target location on all critical trials. The dummy target images (7 = 22) were also shown in the
alone condition to conceal their purpose. All dummy trials were discarded from analyses. In
total, the experiment consisted of 212 trials, which were intermixed and randomised.
Procedure

Small groups of participants (7 = 6-8) completed the experimental task individually.
Informed consent was obtained from all participants prior to participation. Participants were
asked to rate the attractiveness of the target face, which would be identified from the group
image by a red frame appearing around the image. Six practice trials were completed to
familiarise participants with all possible trial conditions (including dummy trials).

In group image trials, the image was initially presented for 2000 ms, during which time
each face in the group was surrounded by a black frame. The target face was not identified from
the group image during this initial free viewing phase, and participants were encouraged to

examine each face in the group. The target face was then identified from the group image by a
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red frame, which surrounded the target face. The target was cued for 1000 ms, before all faces
then disappeared from the display, and participants gave an attractiveness rating. During alone
presentation trials, the target face was initially presented for 1000 ms with a black frame, which
was replaced by a red frame for an additional 1000 ms. This presentation timing replicates that
used by Walker and Vul (Experiment 4; 2014). The FLANDERS questionnaire was completed at
the end of the experiment, to avoid priming participants about the lateralised nature of the task.
The experiment took approximately 30 minutes to complete.
Analysis

Attractiveness judgments were made, via mouse click, along a visual analogue scale (width
= 192mm, 21.74°) that ranged from “Very Unattractive” (0%) to “Very Attractive” (100%). The
spatial location of scale anchors was counterbalanced between-participants, such that half saw
‘Very Unattractive’ on the left and “Very Attractive’ to the right of the scale, while the other half
of participants saw the anchors in the opposite orientation. Scale anchors were counterbalanced
between participants to avoid stimulus-response compatibility effects, whereby participants
might produce extreme responses on the side of the scale where the distractors appeared (i.e.,
lower attractiveness ratings for LVF distractors when “Very Unattractive” also appeared in the
LVF) (Nicholls, Orr, Okubo, & Loftus, 2006). The dependent variable was the x-coordinate of
the mouse click along the visual analogue scale, which was converted into a percentage of
attractiveness prior to analysis.

The cheerleader effect refers to the change in attractiveness of the same face when seen
in a group compared to alone (Walker & Vul, 2014). As such, a cheerleader effect measure was
calculated by subtracting the rating of attractiveness of targets when seen alone, from the
attractiveness ratings made when the target faces were presented in each of the three group
conditions. The three resulting change scores (one for each group condition), indicated as a
percentage, the change in attractiveness experienced when a target face was seen in a group, with

positive values indicating an increase in attractiveness.
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Data Availability
The datasets generated and analysed in the current study are available in the Open

Science Framework repository, [https://ost.io/rbg8q/].

Results

To first establish whether the cheerleader effect occurred in each group condition, we
used three one sample ~tests to examine whether the change in attractiveness was statistically
significant. Faces were perceived to be significantly more attractive in all group conditions: LVF,
#49) = 4.52, 95%CI[1.00, 2.59], p < .001, d = 0.64; BL, #49) = 3.24, 95%CI]0.49, 2.09], p = .002,
d = 0.46; RVF, #49) = 4.45, 95%ClI|0.87, 2.31], p < .001, d = 0.63. The cheerleader effect was
observed in each group condition, regardless of the spatial arrangement of the distractor faces
(see Figure 4.2).

A one-way within-participants analysis of variance (ANOVA) was used to investigate
whether the strength of the cheerleader effect differed depending on the configuration of the
distractor faces (LVF, BL, RVF). The effect of distractor configuration was non-significant, (2,
98) = .610, p = .545, 0> = .012. Finally, we used a Bayesian ANOVA (Rouder, Morey, Speckman,
& Province, 2012) to investigate whether the observed data provided evidence in support of the
null hypothesis. Our data were 8.96 times more likely to have occurred in the absence of an
effect of distractor configuration, and therefore provide moderate evidence for the null
hypothesis (BFio = 0.11) (Jeffries, 1961). Together, our results strongly suggest that the spatial

arrangement of the distractor faces does not modulate the strength of the cheerleader effect.
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Figure 4.2. The cheerleader effect in each distractor configuration. Error bars represent within-

subjects standard error (Cousineau, 2005).

Discussion

Faces were perceived to be significantly more attractive when they appeared in a group,
compared to when those same faces were seen alone. Our results offer the first replication of the
cheerleader effect reported by Walker and Vul (2014). Furthermore, we observed the cheerleader
effect in each group condition, suggesting that the effect is robust. Despite our prediction that
LVF distractors would be more salient, the location of the distractor faces in the group images
did not modulate the size of the cheerleader effect. A Bayesian analysis also indicated that the
observed data were consistent with the null hypothesis. Indeed, the size of the cheerleader effect
was similar regardless of the spatial position of the distractor faces around the target face.

A strength of our experimental design was that the target was always presented centrally.
Any change to the size of the cheerleader effect could only be attributed to the spatial
configuration of the distractor faces around the target face. However, this design could also be
considered a limitation, as the target face was always presented centrally, rather than appearing

within the LVF or RVF of the observer. The target face is the most important face in the group
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image, because it is the only face that the observer is required to evaluate. Perhaps it is the spatial
location of the salient target face that modulates the size of the cheetleader effect, rather than the
position of the irrelevant distractor faces. We conducted an exploratory follow up experiment,
wherein the location of the target face was manipulated, in order to identify whether the
cheerleader effect is sensitive to any manipulation of the spatial arrangement of the group.
Experiment 2

Experiment 1 showed that the spatial arrangement of the distractor faces in the group did
not modulate the size of the cheerleader effect. To investigate whether any change to the spatial
composition of the group image might influence the cheerleader effect, we manipulated the
spatial location of the zarget face in the group. Target faces were presented furthest from the centre
of the display, either at the far left or far right of the group. Visual field differences might be
revealed when the target face is shifted, because unlike the distractor faces, the observer is
required to make an attractiveness evaluation of the target face. As the present study was
exploratory in nature, we entertained the plausibility of multiple hypotheses (Ho, Hi, Hy).

As illustrated by previous research, observers are likely to spend more time visually
exploring the target face when it appears in the LVF (Butler et al., 2005; Guo et al., 2012;
Thomas et al., 2014). Furthermore, the target might be perceived as more attractive when
presented entirely within the LVF, compared to the RVF (Burt & Perrett, 1997; Dunstan &
Lindell, 2012; Franklin & Adams, 2010). Consequently, when the target face is presented in the
LVF, the group should be summarised to create an ensemble average that is more attractive than
when the same target is presented in the RVF. As such, the increased attractiveness of the
ensemble average in the LVF condition could result in a larger cheerleader effect, compared the
RVF condition (Hy).

Although it is possible that placing the target face within the LVF will increase the
cheerleader effect (H.), it is also possible that positioning the target face within the LVF will

produce a smaller cheerleader effect (H»), because observers are more likely to rely on the
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ensemble average under conditions of uncertainty (Brady & Alvarez, 2011). When located in the
LVF, observers are likely to spend more time examining the target face, compared to when it
appears in the RVF (Guo et al., 2012). If the observer has spent more time examining the target
in the LVEF, they may be less likely to rely on the ensemble average when recalling the
attractiveness of the target face. In contrast, if fewer fixations are made to the target in the RVF,
the observer may be uncertain about the attractiveness of the target face, and instead rely more
on the attractiveness of the ensemble average. Therefore, it is also possible that the cheerleader
effect will be smaller when the target face appears in the LVF and larger when the target appears
in the RVF (Hy).

Finally, it is also possible that the size of the cheerleader effect will not be influenced by
the spatial position of the target face (Hg). This pattern of results would be consistent with the
evidence in favour of the null hypothesis reported in Experiment 1. Further evidence in favour
of the null hypothesis would suggest that the spatial arrangement of the group does not influence
the size of the cheerleader effect.

Method
Participants

Sixty-six participants from Flinders University (44 females, M, = 24.52, §D = 6.27)
received course credit for their participation. As in Experiment 1, data from left- and mixed-
handed participants were excluded (# = 6). All participants completed the task as instructed, and
no participant data fell outside the 35D exclusion criterion used in Experiment 1. The final
sample consisted of 60 strongly right-handed (M = 9.77, §D = 0.75) participants (40 females,
M, = 24.67, D = 6.51).

Stimuli, Apparatus & Procedure
The apparatus, design, and procedure were identical to Experiment 1. The target faces and
their accompanying distractor faces were also those presented in Experiment 1. In Experiment 2,

we manipulated the spatial location of the Zarget face within the group. Target faces could be
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presented in the LVF, Centre, or RVF (see Figure 4.3). The location of each target image was
counterbalanced between-participants, such that each target was rated in each of the three
possible locations. Each target face was presented with the same two distractor faces in each
group condition; only the position of the target face in the group differed between the group
conditions. Dummy trials, which were not analysed, were included to prevent participants from
fixating on the far ends of group images, where the target faces appeared during most critical
trials. Dummy targets were presented in the centre of the display, with both distractors either to
the left or right. In total, the experiment consisted of 212 trials, which were intermixed and

randomised.

Screen Centre

(@)

(b)

(©)

Figure 4.3. Example stimulus configurations for Experiment 2 a) LVF target b) Centre target c)

RVF target d) alone target e) left dummy trial f) right dummy trial.
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Results

Three one sample #tests were first used to examine whether the cheerleader effect was
observed in each group condition. Faces were significantly more attractive in all group
conditions: LVF, #59) = 3.82, 95%CI[0.73, 2.34], p < .001, 4 = 0.49; Centre, #59) = 3.79,
95%CI10.61, 1.96], p < .001, d = 0.49; RVF, #59) = 5.16, 95%CI[1.32, 3.00], p < .001, 4= 0.67.
Once again, the cheerleader effect was observed in each group condition, regardless of the
location of the target face in the group (see Figure 4.4).

A one-way within-participants ANOVA was used to investigate whether the strength of
the cheerleader effect was influenced by target location (LVF, Centre, RVF). As the assumption
of sphericity was violated, Greenhouse-Geisser adjusted degrees of freedom are reported. The
effect of target location was non-significant, F(1.75, 103.29) = 1.49, p = .230, n* = .025. Finally,
we used a Bayesian ANOVA (Rouder et al., 2012) to investigate whether the data provided
evidence in support of the null hypothesis. Our data were 4.41 times more likely to have
occurred in the absence of an effect of target location, and therefore provide moderate evidence
for the null hypothesis (BFio = 0.23) (Jeftries, 1961). Taken together, our results strongly suggest
that the location of the target face in the group image did not modulate the strength of the

cheerleader effect.

3%
2.5%
2% }

TR

1%

Cheerleader Effect

0.5%

0%

LVF Centre RVF
Target Location

Figure 4.4. The cheerleader effect for each target location. Error bars represent within-subjects

standard error (Cousineau, 2005).
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Discussion

The results of Experiment 2 showed a consistent cheerleader effect, regardless of the
location of the target within the group. Our findings support the null hypothesis (Ho), as the
position of the target face in the group did not influence the strength of the cheerleader effect.
Taken together, the results of Experiment 1 and Experiment 2 strongly suggest that the spatial
configuration of the group does not influence the strength of the cheerleader effect.

General Discussion

Across two experiments, we found strong evidence in support of the cheerleader effect
(Walker & Vul, 2014). In contrast to our predictions, the cheerleader effect was not influenced
by perceptual or visual field biases, and occurred regardless of the spatial configuration of the
group. The size of the cheerleader effect appears to be consistent, such that attractiveness is
increased within the range of 1.5-2%. Although the cheerleader effect is known colloquially
(Rashid & Fryman, 2008), scientific investigation has been limited (Walker & Vul, 2014). Our
findings show that the cheerleader effect is a robust phenomenon that can be observed using a
relatively unconstrained set of images, collected from the internet. The cheerleader effect
occurred in all group conditions, replicating Walker and Vul (2014), and extending upon their
findings to show that the cheerleader effect is not modulated by the spatial configuration of the
group image.

While the present study was not designed to directly test the proposed hierarchical
encoding mechanism of the cheerleader effect, our findings are nonetheless consistent with the
framework provided by Walker and Vul (2014). It is possible that the spatial configuration of the
group did not influence the cheerleader effect, because ensemble coding serves to reduce
perceptual redundancy by rapidly encoding and summarising complex group displays (Alvarez,
2011). Haberman and Whitney (2009) demonstrated that the average emotion shown in a group
of 16 emotional faces could be accurately identified after being presented for only 500 ms.

Therefore, ensemble coding can create accurate summary representations of much larger groups,
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which have been presented for less time, than the groups used in the present experiments.
Furthermore, participants are sensitive to small changes in facial emotional expressions in large
groups, without being able to identify the source of the change (Haberman & Whitney, 2011),
suggesting that encoding occurs without awareness for individual item locations within the set.
The findings of Haberman and Whitney (2011) are consistent with previous research, which has
shown that distractors are encoded and tracked, even though they are task-irrelevant and fall
outside of the attended area of the visual display (Alvarez & Oliva, 2008). Thus, the results of the
present study are consistent with an ensemble coding mechanism that can rapidly summarise
large set sizes, and as such, is not influenced by visual asymmetries within a small set of images.

The hierarchal encoding framework offered by Walker and Vul (2014) is currently the
only framework proposed to explain the cheerleader effect. Yet, the cheerleader effect shares
many similarities with the Group Attractiveness Effect, whereby the attractiveness of a whole group
of individuals is overestimated relative to the average attractiveness ratings of each individual
group member (van Osch et al., 2015). The Group Attractiveness Effect is driven by selective
attention towards the most attractive faces within the group, which results in an increased
estimate of the attractiveness of the whole group (van Osch et al., 2015). The selective attention
framework suggested by van Osch et al. (2015) could also underlie the cheerleader effect,
whereby the attractiveness of the target face is overestimated in a group, because attention is
primarily directed towards the most attractive faces in the group (Maner et al., 2003). As our data
are consistent with both accounts of hierarchical encoding (Walker & Vul, 2014) and selective
attention (van Osch et al., 2015), it is clear that future research is necessary to directly contrast
the unique predictions of each model to determine the mechanism underlying the cheerleader
effect.

Although imaging (Kanwisher et al., 1997; Proverbio, Brignone, Matarazzo, Del Zotto, &
Zani, 2000; Rossion et al., 2000; Rossion, Joyce, Cottrell, & Tarr, 2003) and behavioural (Borod

et al., 1998; Bourne, 2005, 2010; Burt & Perrett, 1997) studies indicate that the right hemisphere
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shows greater activation during face processing, bilateral and left hemisphere activation
(Kanwisher et al., 1997; Pourtois, Schwartz, Seghier, Lazeyras, & Vuilleumier, 2005) have also
been reported. Proverbio et al. (2006) found that females showed bilateral activation during face
processing, whereas males showed asymmetric activation of the right hemisphere, suggesting that
contradictory previous findings may be the result of sex differences in cerebral lateralisation.
Similarly, Bourne (2005) found that males exhibited a stronger behavioural bias on a chimeric
face task than females, further suggesting that males have stronger lateralisation of face
processing than females, which manifests in stronger visual field asymmetries. As such, it is
possible that the spatial configuration of the group images in the present study did not modulate
the cheerleader effect because the majority of our participants were female. Although there were
too few males in our sample to perform a reliable sex analysis, future research should consider
whether the spatial configuration of the group image does modulate the cheerleader effect
among males.

Our results clearly show that attractiveness judgments made for an individual face within
a group are not the same as those made for the same face presented alone (Geiselman et al.,
1984; van Osch et al.,, 2015; Walker & Vul, 2014). The presence of other faces in a group
interferes with the perceived attractiveness of an individual, even when the individual target is
clearly identified from the group. As the majority of previous research has examined trait
perception of individual faces, future research of group social perception is vital (Phillips et al.,
2014). For example, is the cheerleader effect a phenomenon that is specific to attractiveness
judgments, or is the perception of other traits also influenced in a group scene? Other trait
judgments, such as trustworthiness and competence, are strongly correlated with attractiveness
(Oosterhof & Todorov, 2008), and consequently may also be increased when an individual is
seen within a group. However, the cheerleader effect might be unique to attractiveness
judgments, because other traits are not as strongly related to facial averageness, and should not

be systematically increased due to the average properties of the ensemble average of the group.
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Investigating whether the cheerleader effect extends to other traits is an exciting avenue for
future research.

The cheerleader effect is a robust phenomenon, wherein faces appear more attractive in a
group than alone. Our findings replicate those of Walker and Vul (2014), and show that the
spatial configuration of the group does not influence the magnitude of the cheerleader effect.
Ensemble coding of small groups might not be subject to the visual or perceptual biases that
affect the perception of a single face. Our interpretation is consistent with previous research
showing that group displays are encoded and summarised rapidly, and with little awareness of
the individual group members. Our findings suggest that if you are looking to increase your own

attractiveness, you could do so by appearing in a group, though you needn’t worry where you

appear.
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Chapter 5: Does The Cheerleader Effect occur for Trustworthiness?
Citation
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Excperimental Psychology. Authors NAT and MERN contributed to the conceptualisation of the
current project and edited the manuscript.

Rationale

To date, the cheerleader effect has only been investigated for judgments of attractiveness.
In the following chapter, I investigated whether the cheerleader effect also occurred for
judgments other than attractiveness. Attractiveness and trustworthiness judgments are signalled
by similar traits in the face, and are highly correlated with each other (Oosterhof & Todorov,
2008). Therefore, I investigated whether faces would also become more trustworthy in a group,
compared to when seen alone.

In addition to investigating whether the cheerleader effect occurs for judgments of
trustworthiness, I also turned my attention toward testing the underlying cause of the cheerleader
effect. To date, the hierarchical encoding mechanism proposed by Walker and Vul (2014) has
not been tested. To begin, I examined whether the attractiveness of the target face, or the
attractiveness of the distractor faces in the group, influenced the size of the cheerleader effect. In
the final experiment of this chapter, I investigated whether the size of the cheerleader effect that
each face experienced was related to the attractiveness of the average face of the group it

appeared within.
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Abstract

The cheerleader effect occurs when the same face appears more attractive in a group than
alone. As attractiveness is positively correlated with trustworthiness, we investigated whether the
cheerleader effect also extends to judgments of trustworthiness. In three experiments, observers
made attractiveness or trustworthiness judgments about faces presented in a group, and alone.
We observed a robust cheerleader effect, whereby naturalistic female faces were significantly
more attractive in a group than alone. The size of the attractiveness increase that each face
experienced was unrelated to the attractiveness of the evaluated individual, or to the
attractiveness of the group. A strikingly different pattern was observed for trustworthiness
judgments. A negative correlation between trustworthiness increase in a group and the
trustworthiness of the evaluated individual was consistently observed. Untrustworthy faces
received a much larger increase in trustworthiness when seen in a group than faces that were
already trustworthy. Our results demonstrate that group presence has unique influences on our
perceptions of attractiveness and trustworthiness. A consistent increase in attractiveness is
observed when faces appear in a group, whereas the trustworthiness of an individual can be

increased or decreased, depending on the trustworthiness of the individual being evaluated.
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Introduction

Many traits are rapidly evaluated from the face during first impressions (Bar et al., 20006;
Willis & Todorov, 2006). These evaluations are pervasive (Chang et al., 2010), influencing the
decisions we make in economic games (Rezlescu et al., 2012; Stirrat & Perrett, 2010), voting
behaviour in elections (Antonakis & Dalgas, 2009; Todorov et al., 2005), and extreme sentencing
outcomes for criminals (Wilson & Rule, 2015, 2016). Many models describe the facial
characteristics that influence the trait evaluations we make about others (Oosterhof & Todorov,
2008; Said & Todorov, 2011; Todorov, 2008). Even though many of our daily interactions take
place in social settings, the majority of these social perception models only consider how we
perceive faces in isolation (Barrett et al., 2011; Phillips et al., 2014).

A growing number of studies illustrate that the perceived attractiveness of an individual
face is not constant, but rather, will fluctuate in response to the presence of other faces
(Carragher, Lawrence, Thomas, & Nicholls, 2018; Furl, 2016; Geiselman et al., 1984; van Osch et
al., 2015; Walker & Vul, 2014). The television show ‘How I Met Your Mother popularised the idea
of “the cheerleader effect”, a phenomenon said to occur when an individual appears more
attractive in a group compared to when they are seen alone (Rashid & Fryman, 2008). Walker
and Vul (2014) offered the first empirical account of the cheerleader effect and found that
observers do, indeed, rate the same individual faces to be more attractive when shown in a group
compared to alone. The cheerleader effect is a robust visual phenomenon, as neither the number
of individuals in the group, nor the gender of the faces presented within the group, modulate the
strength of the effect (Walker & Vul, 2014). Furthermore, the same increase in attractiveness
occurs regardless of the visual field location of the faces within the group (Carragher et al., 2018).
The cheerleader effect typically increases the attractiveness of an individual by 1.5 to 2%
(Carragher et al., 2018).

To date, investigation of the cheerleader effect has been limited to judgments of

attractiveness (Carragher et al., 2018; Walker & Vul, 2014). However, attractiveness is just one of
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many traits initially evaluated from the face (Willis & Todorov, 2006; Zebrowitz & Montepare,
2008). Observers also automatically evaluate the trustworthiness of unfamiliar faces (Engell et al.,
2007), and will modify their behaviour in order to cooperate with individuals who have a
trustworthy appearance (Rezlescu et al., 2012; Stirrat & Perrett, 2010). Trustworthiness
judgments are strongly correlated with the other traits that are evaluated from the face during
first impressions (Oosterhof & Todorov, 2008), and particularly, with judgments of
attractiveness (Todorov, 2008). Furthermore, trustworthiness and attractiveness have been
shown to load on the same factor in face perception, suggesting that both traits are signalled by
similar facial characteristics (Oosterhof & Todorov, 2008). Our first aim was to investigate
whether the cheerleader effect also extends to perceptions of trustworthiness. Because the two
judgments are strongly correlated, we predicted that faces would be perceived to be both more
attractive, and more trustworthy, when seen in a group, compared to when seen alone (Carragher
et al.,, 2018; Walker & Vul, 2014).

The second aim of our study was to investigate the mechanism underlying the
cheerleader effect. Walker and Vul (2014) proposed that the cheerleader effect is caused by the
interplay between automatic visual processes and the properties of average faces. When
presented with a complex visual scene, the visual system rapidly creates an ensemble average
(Alvarez, 2011; Haberman et al., 2015a; Whitney & Yamanashi Leib, 2018). The ensemble
average is a single, summary representation of the individual components of the group (Alvarez,
2011; Whitney & Yamanashi Leib, 2018). The ensemble average allows observers to accurately
identify the average characteristics of the group, such as the average size of a group of circles
(Ariely, 2001; Chong & Treisman, 2003, 2005b; Oriet & Brand, 2013). Ensemble coding also
occurs for groups of faces, as observers can accurately perceive the average identity in a group of
faces (Neumann et al.,, 2017; Neumann et al., 2013), or the average emotion shown by a group

(Griffiths et al., 2018; Haberman & Whitney, 2007, 2009).
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Although the ensemble average can be used to accurately identify the average
characteristics of the group, an observer will incorrectly recall an individual item from the group
as being more similar to the ensemble average than it was (Brady & Alvarez, 2011). For instance,
observers can accurately identify that a group of faces has a happy average expression
(Haberman & Whitney, 2007, 2009), but recall a face with a relatively neutral expression from
that same group as being happier than it truly was (Griffiths et al., 2018). The biased recall of
emotion toward the ensemble average demonstrates that memory for group scenes has a
hierarchical structure, whereby the average characteristics of the group interfere with the
encoded characteristics about the individual items within the group (Brady & Alvarez, 2011;
Griftiths et al., 2018).

The ensemble average accurately reflects the average facial characteristics of the
individuals within the group (Haberman & Whitney, 2009, 2011). As such, observers often
mistake a novel face, which is the true digital average face of a previously seen group, as a face
that itself has previously been seen (Neumann et al., 2013). The findings of Neumann and
colleagues (2013) suggest that the mentally summarised ensemble average is conceptually similar
to digitally averaged faces. Digitally averaged faces have been used extensively to study
attractiveness. Crucially, rather than being of “average” attractiveness, faces with average
characteristics are perceived to be highly attractive (Langlois & Roggman, 1990; Rhodes et al.,
2001; Said & Todorov, 2011; Valentine et al., 2004). Indeed, Langlois and Roggman (1990)
showed that digitally averaged faces are perceived to be significantly more attractive than each of
the individual faces initially included in the average. The attractiveness of average facial
characteristics is tied to their role as a signal of the genetic diversity of a potential mate (Lie et al.,
2008; Little et al., 2011b; Rhodes, 2006; Thornhill & Gangestad, 1999). Walker and Vul (2014)
proposed that because the mentally summarised ensemble average possesses the average facial
characteristics of the group, it too is perceived to be highly attractive (Langlois & Roggman,

1990; Rhodes et al., 1999). Consequently, Walker and Vul (2014) hypothesised that the
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cheerleader effect occurs because an individual face seen in a group is recalled as being similar to
the highly attractive ensemble average, which results in the consistent increase in attractiveness
that is typical of the cheerleader effect.

While the cheerleader effect is consistent with the hierarchical encoding mechanism
suggested by Walker and Vul (2014), the role of such a mechanism in the cheerleader effect has
not been tested. Crucially, if the cheerleader effect is the product of hierarchical encoding, an
increase in attractiveness can only occur when the ensemble average is more attractive than the
individual being recalled from the group. Although average faces are undoubtedly attractive
(Rhodes, 20006), there are conflicting accounts about just how attractive average faces are (Alley
& Cunningham, 1991; DeBruine et al., 2007; Perrett et al., 1994). Therefore, we investigated
whether the attractiveness of the individual being recalled from the group was related to the size
of the cheerleader effect that each face experienced.

Digitally averaged faces are often rated as more attractive than each of the individual
faces they are composed from (Langlois & Roggman, 1990; Rhodes et al., 1999; Rhodes et al.,
2001). If the mentally summarised ensemble average is analogous to these digitally averaged
faces, then the cheerleader effect might occur regardless of the attractiveness of an individual,
because the ensemble average will always be more attractive than the individual being recalled
from the group. However, manipulating specific shape characteristics of digitally averaged faces
has been shown to make these faces more attractive, but less average (DeBruine et al., 2007,
Perrett et al., 1994). If highly attractive individuals are more attractive than the ensemble average,
then hierarchical encoding would predict a negative correlation between the attractiveness of the
individual being evaluated and the size of the cheerleader effect. An increase in attractiveness
(i.e., the cheetleader effect) would only occur for faces that were less attractive than the ensemble
average, whereas individuals more attractive than the ensemble average (i.e., a highly attractive
individual) would be recalled to be less attractive in a group (Brady & Alvarez, 2011; Griffiths et

al., 2018).
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Experiment 1
Method
Participants

All research was approved by the Social and Behavioural Research Ethics Committee of
Flinders University (project #6927). All participants provided written informed consent prior to
participation, were debriefed upon completion, and were reimbursed $10 AUD or course credit
for their participation. All experiments took between 20 and 30 minutes to complete. We report
all experimental measures, manipulations, and participant exclusions within the manuscript.

To establish whether the cheerleader effect is statistically significant, the increase in
attractiveness is compared to 0 in a one-sample ~test. We have previously shown that the
cheerleader effect occurs with a medium effect size (4 = 0.60; Carragher et al., 2018). A power
analysis (G*Power; Faul, Erdfelder, Lang & Buchner, 2007) indicated that a sample of 32
participants was required to detect an effect of 4 = 0.60, in a two-tailed, one sample #test with an
alpha of a = .05, and a power level of 90%.

Attractiveness. Thirty-two participants from Flinders University were recruited to make
attractiveness judgments (25 females, M, = 23.13, SD = 6.29). Prior to analysis (Carragher et al.,
2018), exclusion criteria were established to remove participants with a cheerleader effect score
further than 35D from the condition mean (# = 0), and those who did not complete the task as
instructed (7 = 1), resulting in a final sample of 31 participants.

Trustworthiness. Thirty-two participants from Flinders University were recruited to
make trustworthiness judgments (24 females, M, = 23.09, §D = 8.70). All data were within 35D
of the condition mean, and all participants completed the task as instructed. As such, no data
were excluded prior to analysis.

Stimuli
We collected images of female faces online from photographs of groups (Carragher et al.,

2018; Walker & Vul, 2014). Individual faces were cropped from each group photograph, to
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create a stimulus set of individual portrait images (75 mm x 87.5 mm; 8.34° x 10.00°). Target
faces were shown twice in the experiment; once alone, and once in a group (see Figure 5.1).
Group images were created by presenting four individual portraits in a 2 x 2 array (150 mm x 175
mm; 17.30° x 19.51°). Stimuli were presented using E-Prime 2.0 (Psychology Software Tools,
Pittsburgh, PA), interfaced with a 22” monitor (1680 x 1050) running at 60 Hz, and positioned

approximately 500 mm from the participant.

Screen Centre Screen Centre

l

Figure 5.1. Example stimulus configurations a) group trial b) alone trial. The Zarget face was

identified by a red frame [top left]. The distractor faces were shown with black frames.

Although separate samples of participants made attractiveness and trustworthiness
judgments, the same face stimuli were shown in both conditions. Eighty faces were randomly
selected from the stimulus set to be the Zarget faces that participants would rate. The remaining
faces in the stimulus set were randomised into sets of three and were presented as distractor faces
in the group images. Each target face was presented once in a group (7 = 80), and once alone as
a portrait (7 = 80). Target faces were not re-purposed as distractor faces, and each distractor face
only appeared once in the experiment. The location of the target face within the group array was
randomised and balanced. Group and alone trials were presented in separate blocks, and the
order of block presentation was counterbalanced between participants. Stimulus presentation

was randomised within each block. The experiment consisted of 160 trials.
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Procedure

After providing informed consent, participants were asked to rate either the attractiveness
or the trustworthiness of each target face. The target face was identified from the group when a
red frame appeared around the border of a single face. Participants completed four practice trials
to familiarise themselves with the task. Group images were initially presented without the target
identified for 2000 ms, during which time each face was surrounded by a black frame, and
participants were asked to look at each face in the group. A red frame then appeared around the
target face for an additional 1000 ms, after which time all faces disappeared from the screen. In
alone trials, the target face was presented for 2000 ms before disappearing from the screen. The
trial procedure and timing replicates that used by Walker and Vul (Experiment 4; 2014). Once
the image had disappeared from the screen, participants made their judgment via mouse click
along a visual analogue scale (width = 192 mm; 21.74°), which ranged from “1/ery
Unattractive/ Untrustworthy” (0%) to “V'ery Attractive/ Trustworthy” (100%; Carragher et al., 2018;
Walker & Vul, 2014).
Analysis

We first assessed the reliability of the trait judgments made between observers, both
when faces were presented alone and in a group. Reliability analysis using Cronbach’s alpha
showed very high inter-rater reliability for judgments of attractiveness (alone, « = .94; group = «
=.95), and trustworthiness (alone, « = .86; group, « = .85).

A cheerleader effect measure was calculated by subtracting the judgments given to the target
faces seen alone, from the judgments given to the targets when presented in a group (Carragher
et al.,, 2018). Expressed as a percentage, a positive change score represents an increase in the trait
judgment for faces seen in a group, whereas negative values indicate a decrease.

Data Availability
All data reported in the current study are available in the Open Science Framework

repository, [https://osf.io/c98hb/?view_only=82effbf8a91d4250a7819848e071df72].
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Results
The Cheerleader Effect
One sample ~tests were used to investigate whether the cheerleader effect was
statistically significant in each judgment condition. Faces were significantly more attractive in a
group, #30) = 3.72, 95%CI[1.71, 5.87], p = .001, d = 0.67, replicating the cheerleader effect (see
Figure 5.2). Unexpectedly, although the effect approached significance, faces were not
significantly more trustworthy in a group, #31) = 1.97, 95%CI[-0.06, 3.19], p = .058, 4 = 0.35.
6%
5%
4%
3%

2%

Cheerleader Effect

1%

0%

Attractiveness Trustworthiness

Figure 5.2. The cheerleader effect for each judgment condition. Error bars show standard error of

the mean (SEM).

Individual Target Analysis

The same target faces were presented to observers in both judgment conditions. We
examined whether judgments of attractiveness and trustworthiness were correlated for each
target face, using the ratings for each image when presented alone. Attractiveness and
trustworthiness judgments were strongly correlated, n(80) = .630, 95%CI[.476, .7406], p < .001,

(see Figure 5.3).
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Figure 5.3. The relationship between the perceived attractiveness and trustworthiness for each

individual target face.

Next, we examined whether the size of the cheerleader effect was influenced by the
attractiveness of the face being evaluated. We used the average attractiveness rating for each
target face when seen alone as the measure of the attractiveness of each target image. The size of
the cheerleader effect each target face experienced was unrelated to the attractiveness of the face

being evaluated, 7(80) = .085, 95%CI[-.137, .299], p = .453, (see Figure 5.4).
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Figure 5.4. The relationship between individual attractiveness ratings for each target face and the

size of the cheerleader effect each face experienced when seen in a group.

We also investigated whether the change in perceived trustworthiness for a face seen in a
group was influenced by the trustworthiness of the individual being recalled. Interestingly, we
observed a negative correlation between the trustworthiness of an individual and the change in
their perceived trustworthiness in a group, 7(80) = -.453, 95%CI[-.260, -.612], p < .001 (see
Figure 5.5). Very untrustworthy faces received a large increase in trustworthiness, whereas many

trustworthy faces were perceived to be less trustworthy in a group.
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Figure 5.5. The trustworthiness of each target face seen alone and the change in perceived

trustworthiness when seen in a group.

Discussion

Target faces were perceived to be more attractive in a group than when seen alone,
replicating the cheerleader effect (Carragher et al., 2018; Walker & Vul, 2014). Surprisingly, this
robust increase in attractiveness did not extend to perceptions of trustworthiness. The
dissociation between an individual appearing more attractive, but not more trustworthy, in a
group was unexpected, particularly because attractiveness and trustworthiness were strongly
correlated. Visual inspection of Figures 5.4 and 5.5 makes clear that attractiveness and
trustworthiness judgments are both influenced by group presence; however, the changes to each
judgment are unique. As the same target faces were shown in both judgment conditions, the
different correlation patterns cannot be attributed to stimulus differences, but rather, result from
the judgments themselves.

Our results clearly show that the attractiveness of the face being evaluated did not

influence the size of the cheerleader effect. Furthermore, 90% of the target faces became more
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attractive in a group, demonstrating that the cheerleader effect was not driven by a subset of
images. The near systematic increase in the perceived attractiveness of individuals presented in a
group is potentially consistent with the hierarchical encoding mechanism suggested by Walker
and Vul (2014). Our findings suggest that if hierarchical encoding does cause the cheerleader
effect, the attractiveness of the ensemble average might be analogous to digitally averaged face
stimuli, which have been found to be more attractive than the individual faces they are
composed from (Langlois & Roggman, 1990; Rhodes et al., 1999; Rhodes et al., 2001).

In contrast to attractiveness, there was a strong correlation between the trustworthiness
judgments made for faces when seen alone and those made for the same face presented in a
group. Untrustworthy individuals received a large increase to their perceived trustworthiness in a
group, while in many cases, trustworthy individuals appeared to be less trustworthy. The negative
correlation between the trustworthiness of the individual and trustworthiness change in a group
is consistent with a conventional model of hierarchical encoding, whereby the recalled
characteristics of an individual item in a group are biased toward the ensemble average (Brady &
Alvarez, 2011). While averageness strongly influences attractiveness judgments (Little et al.,
2011b; Rhodes, 2006; Valentine et al., 2004), less is known about the relationship between

average face shape and perceived trustworthiness '

. The ensemble average likely conveys the
“average” trustworthiness of the individual faces within the group. Crucially, both the target and
distractor faces were randomly selected from the stimulus set, and randomly sorted into groups.
If we assume a random distribution of trustworthiness within each group, the target faces that
were rated as very untrustworthy alone, were also likely the least trustworthy faces in their group,
whereas very trustworthy faces were likely to be the most trustworthy in each group.

Consequently, our results are consistent with the idea that the trustworthiness of each individual

was biased toward the trustworthiness of the ensemble average. However, our reasoning relies

10 Dotsch, Hassin, and Todorov (2016) found that learned familiarity with the typical face of a population can
increase the perceived trustworthiness of typical faces.
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on the assumption that each group consisted of an average level of trustworthiness. We
conducted a second experiment to manipulate the characteristics of each group image.
Experiment 2

In Experiment 1, we considered whether the attributes of the Zarget face were related to
the size of the cheerleader effect. However, the distractor faces are also summarised in the
ensemble average, influencing the characteristics of the ensemble average, and potentially the
size of the cheerleader effect. As the target and distractor faces were randomly sorted into
groups in Experiment 1, the attributes of each ensemble were unknown. The aim of Experiment
2 was to investigate whether the characteristics of the distractor faces influence the size of the
cheerleader effect. As such, target and distractor faces were selected based upon their perceived
attractiveness or trustworthiness. Participants in the attractiveness judgment condition saw
unattractive and attractive target faces, presented in both unattractive and attractive groups.
Participants in the trustworthiness judgment condition saw untrustworthy and trustworthy target
faces, presented in both untrustworthy and trustworthy groups.

The results of Experiment 1 were consistent with a model of hierarchical encoding that
could occur if the ensemble average was more attractive than the individual faces in the group
(Langlois & Roggman, 1990; Rhodes et al., 1999; Rhodes et al., 2001). If the ensemble average is
perceived to be more attractive than the individual faces in the group, then neither the
attractiveness of the target, nor the attractiveness of the group, should influence the size of the
cheerleader effect. In keeping with the findings from Experiment 1, we predicted the cheerleader
effect would be of the same magnitude for both unattractive and attractive target faces, when
presented in unattractive and attractive groups.

Our findings from Experiment 1 suggest that the perceived trustworthiness of an
individual in a group is biased toward the average trustworthiness of the group. Therefore,
manipulating the trustworthiness of the distractor faces within the group should, in turn,

modulate the trustworthiness of the ensemble average. A group of untrustworthy faces should
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be summarised to create an untrustworthy ensemble average, whereas a group of trustworthy
faces should be summarised to create a trustworthy ensemble average. We expected that the
largest changes in trustworthiness would occur when the trustworthiness of the individual was
furthest from the trustworthiness of the ensemble average. Therefore, we predicted that the
largest increase in trustworthiness would occur for untrustworthy targets presented in
trustworthy groups, while the largest decrease in trustworthiness would occur for trustworthy
targets in untrustworthy groups.
Method
Participants

Attractiveness. Thirty-eight participants from Flinders University were recruited to
make attractiveness judgments (27 females, M, = 20.39, §D = 2.50). Participants who did not
complete the task as instructed were excluded from analyses (» = 2). Participants with
incomplete data due to technical failure were also excluded (7 = 1). The final attractiveness
sample consisted of 35 participants.

Trustworthiness. Thirty-eight participants from Flinders University were recruited to
make trustworthiness judgments (31 females, M, = 21.55, §D = 4.94). Participants with a
cheerleader effect score that was further than 35D from the condition mean (# = 1), or who did
not complete the task as instructed (» = 1), were excluded from analyses. The final
trustworthiness sample consisted of 36 participants.
Stimuli

The stimulus set, trial procedure, and apparatus were identical to Experiment 1. Unlike
Experiment 1, the target faces and distractor groups were selected separately for the
attractiveness and trustworthiness conditions. Different stimuli were selected between judgment
conditions in order to create groups that varied according to attractiveness or trustworthiness.

Independent attractiveness and trustworthiness ratings were collected to categorise the

stimuli for Experiment 2. Two samples of participants were recruited online
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(www.crowdflower.com), to make either attractiveness (# = 50, 18 females, M, = 33.32, §D =
8.40) or trustworthiness (7 = 62, 19 females, M, = 32.82, D = 9.04) judgments for each of the
320 individual images in the stimulus set'". Inter-rater reliability was excellent for judgments of
attractiveness, o = .97, and very good for judgments of trustworthiness, « = .86. To ensure that
judgments collected online were similar to those collected in the laboratory, we compared the
ratings for the 80 target faces when presented alone in Experiment 1, with the judgments given
to the same images by the online participants. Attractiveness, 7(80) = .807, 95%CI[.714, .872], p <
.001, and trustworthiness ratings from both samples were strongly correlated, 1(80) = .823,
95%CI[.7306, .883], p < .001. Therefore, we used the ratings from the online sample to categorise
the stimuli.

Attractiveness Stimuli. The stimulus set was separated into faces that were less
attractive than average (unattractive stimuli) and faces more attractive than average (attractive
stimuli). From these sets, we randomly selected 40 unattractive targets and 40 attractive targets.
An independent samples ~test confirmed that attractive targets (M = 64.10, D = 6.19) were
significantly more attractive than unattractive targets (M = 45.27, §D = 6.70), A(78) = 13.00,
95%CI[15.96, 21.70], p < .001, 4 = 2.92. The remaining stimuli in each attractiveness condition
were randomised into sets of 3 distractor faces, creating 40 unattractive and 40 attractive groups.
An independent samples ~test confirmed that average attractiveness of the attractive groups (M
= 03.33, §D = 4.27) was significantly greater than that of the unattractive groups (M = 46.25, D
= 3.57), (78) = 19.40, 95%CI[15.32, 18.83], p < .001, d = 4.34.

Trustworthiness Stimuli. Stimuli were categorised as either less trustworthy than
average (untrustworthy) or more trustworthy than average (trustworthy). We randomly selected
40 untrustworthy and 40 trustworthy target faces. An independent samples ~test confirmed that

trustworthy targets (M = 64.80, D = 2.64) were significantly more trustworthy than

11 Only data from online participants who completed the entire task, and passed all attention checks, was included in
the final analysis, which was performed to categorise the stimuli.
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untrustworthy targets (M = 55.03, §D = 3.25), A78) = 14.76, 95%CI[8.45, 11.09], p < .001, 4 =
3.30. The remaining stimuli in each trustworthiness condition were randomised into sets of 3
distractor faces, creating 40 untrustworthy and 40 trustworthy groups. An independent samples
t-test confirmed that the average trustworthiness of the trustworthy groups (M = 65.00, §D =
1.99) was significantly greater than that of the untrustworthy groups (M = 55.70, §D = 2.20),
#78) = 19.52, 95%CI[8.35, 10.25], p < .001, d = 4.36.
Design

In each judgment condition (attractiveness, trustworthiness), targets were shown three
times; once in an unattractive (untrustworthy) group, once in an attractive (trustworthy) group,
and once alone. Each distractor group was also presented twice; once with an unattractive
(untrustworthy) target, and once with an attractive (trustworthy) target. In both judgment
conditions, alone target trials were presented in a single block (# = 80), whereas both group
conditions (unattractive/attractive, untrustworthy/ trustworthy), were intermixed and presented
across two blocks (# = 160). Each target face and distractor group appeared once per block of
group trials. Stimulus presentation was randomised within each block, and block order was
randomised between participants. The experiment consisted of 240 trials.
Analysis

A cheerleader effect measure was created for each of the four group conditions that were
created in a factorial combination of target attractiveness (trustworthiness) and group
attractiveness (trustworthiness). Initially, each of the four cheerleader effect measures was
subjected to a one-sample #test, which was used to establish whether a significant increase in
attractiveness (trustworthiness) had occurred in each condition. Subsequently, a 2 x 2 within-
participants analysis of variance (ANOVA) was used to investigate whether the cheerleader

effect measures in each group condition differed significantly from one another.
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Results
Attractiveness

One sample ~tests showed that unattractive faces were significantly more attractive in
both unattractive, A(34) = 2.40, 95%CI[0.31, 3.78], p = .022, d = 0.41, and attractive groups, #34)
= 2.36, 95%C1]0.28, 3.70], p = .024, 4 = 0.40 (see Figure 5.6). Attractive faces were significantly
more attractive in attractive groups, #34) = 2.47, 95%CI[0.34, 3.55], p = .019, 4 = 0.42; however,
this effect only approached significance when attractive faces were presented in unattractive

groups, #34) = 1.96, 95%CI[-0.06, 3.05], p = .059, d = 0.33.
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Figure 5.6. The cheerleader effect for unattractive [black] and attractive target faces [grey],
presented in unattractive and attractive groups. Error bars show within-participants SEM

(Cousineau, 2005).

A 2 x 2 within-participants ANOVA was used to investigate whether the strength of the
cheerleader effect was influenced by target attractiveness (unattractive, attractive) and group

attractiveness (unattractive, attractive). The main effects of target attractiveness, F(1, 34) = .282,

p=.599, 77; = .008, and group attractiveness were non-significant, F(1, 34) = 1.02, p = .320, 1, =
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.029. The interaction between target attractiveness and group attractiveness was also non-

significant, F(1, 34) = 1.43, p = .240, 77]2) = .040.

Trustworthiness

One sample ~tests identified two non-significant trends indicating that untrustworthy
faces appeared more trustworthy in both untrustworthy, A35) = 2.01, 95%CI[-0.02, 3.37], p =
053, 4= 0.33, and trustworthy groups, A35) = 1.75, 95%CI[-0.25, 3.39], p = .089, d = 0.29 (see
Figure 5.7). In contrast, trustworthy faces did not appear more trustworthy in either
untrustworthy, #35) = 1.42, 95%CI[-0.52, 2.94], p = .163, d = 0.24, or trustworthy groups, #35)

= 1.13, 95%CI[-0.76, 2.60], p = .268, d = 0.19.
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Figure 5.7. The change in perceived trustworthiness for untrustworthy [black] and trustworthy
target faces [grey|, when presented in unattractive and attractive groups. Error bars represent

within-participants SEM (Cousineau, 2005).

A 2 x 2 within-participants ANOVA was used to examine whether the change in
trustworthiness was influenced by target trustworthiness (untrustworthy, trustworthy) and group
trustworthiness (untrustworthy, trustworthy). The main effects of target trustworthiness, F(1, 35)

=.986, p = .327, 77]2) =.027, and group trustworthiness were non-significant, F(1, 35) = .213, p =
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647, 77;: = .006. The interaction between target trustworthiness and group trustworthiness was
similarly non-significant, F(1, 35) = .047, p = .829, 77; =.001.

Discussion

The cheerleader effect was observed for unattractive faces, regardless of the
attractiveness of the distractors, and for attractive faces presented in attractive groups. Curiously,
the effect only approached significance when attractive faces were shown in unattractive groups.
Notably, this is the first condition for which the cheerleader effect has not reached statistical
significance (Carragher et al., 2018). This smaller cheerleader effect could be consistent with the
notion that average faces are not maximally attractive (DeBruine et al., 2007; Perrett et al., 1994).
Indeed, Perrett et al. (1994) found that the digital average of 15 highly attractive individuals was
more attractive than the average of 60 randomly selected individuals. Perhaps if a group consists
of two unattractive faces, and a single attractive target face, the ensemble average will be less
attractive than if the group consisted of three attractive faces (i.e., Perrett et al., 1994). When
presented in an unattractive group, the attractive target face might be closer in attractiveness to
the less attractive ensemble average, resulting in a smaller cheerleader effect. However, caution is
needed in adopting this explanation. If the attractiveness of the ensemble average changes to
reflect the composition of the group, then a group composed of two attractive distractors and a
single unattractive target should produce a relatively attractive ensemble average. In this scenario,
the unattractive target should be further from the ensemble average in attractiveness and would
receive a larger cheerleader effect. Yet, our results give no indication that the cheerleader effect
for unattractive targets in attractive groups is increased.

In contrast to our predictions, the trustworthiness of the group did not influence the
perceived trustworthiness of the target. Instead, untrustworthy faces appear to experience a
larger increase in their perceived trustworthiness, regardless of the group in which they appear.

This pattern of results is consistent with the negative correlation between individual
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trustworthiness and trustworthiness change found in Experiment 1 (see Figure 5.5). Our results
suggest that the trustworthiness of the face being evaluated is the primary determinant of the
influence that group presence will have on an individual’s perceived trustworthiness. However,
the increase in trustworthiness for untrustworthy faces in a group failed to reach significance.

The trend for untrustworthy faces to appear more trustworthy in a group might have
failed to reach significance due to a limitation in the method used to select the target stimuli (in
both judgment conditions). Although an equal number of target faces were more and less
trustworthy than average, the faces were initially categorised using a binary split-half procedure,
and then selected randomly from each trait category, instead of deliberately selecting those faces
that differed most from one another (i.e., the least and most trustworthy faces). Therefore, it is
possible that the randomly selected target faces might not have obviously differed in
trustworthiness from the faces they were presented with. Perhaps a statistically significant change
in trustworthiness might only occur for extremely untrustworthy or trustworthy faces. To
investigate this possibility, we conducted a follow-up experiment wherein the stimuli were clearly
differentiated on trustworthiness and attractiveness.
Experiment 3

Experiment 2 provided preliminary evidence that the effect of group presence is
modulated by the characteristics of the individual being recalled from the group; however, these
effects failed to reach statistical significance. One potential explanation for the non-significant
trends is that the target faces randomly selected in Experiment 2 did not differ from one another
enough to produce robust differences. To address this possibility, we performed a replication of
Experiment 2, using computer-generated stimuli that had been manipulated to vary in
attractiveness or trustworthiness (Todorov et al., 2013). Unlike the natural female faces used in
Experiments 1 and 2, all stimuli in the present experiment were computer-generated, resembled

bald male faces, and had been manipulated to appear extremely unattractive (untrustworthy) or
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attractive (trustworthy) (Todorov et al., 2013). To our knowledge, the present study is the first to
investigate the cheerleader effect using computer-generated stimuli.

In addition to investigating the boundary conditions of the cheerleader effect, we also
sought direct evidence of the hypothesised hierarchical encoding mechanism (Walker & Vul,
2014). To test the hierarchical encoding mechanism, we created an approximation of the
mentally summarised ensemble average for each group image, by digitally averaging the
individual faces within each group, together to produce a single average face. Neumann et al.
(2013) found observers were highly familiar with novel faces, which were actually the digital
average of previously seen face groups, suggesting that digitally averaged faces are an accurate
representation of the mentally summarised ensemble average. In the present study, the average
face of each group was presented alone as a target face, and received a trait rating from
participants.

The cheerleader effect is remarkably robust (Carragher et al., 2018; Walker & Vul, 2014);
yet, in Experiment 2, the effect was not statistically significant when attractive faces were
presented in unattractive groups. The smaller cheerleader effect for attractive faces in
unattractive groups might indicate that the ensemble average is less attractive when the group
consists of two unattractive distractor faces, and a single attractive target face. We tested this
hypothesis explicitly in Experiment 3, using the attractiveness ratings given to the average face of
each group. We predicted that highly attractive target faces would become more attractive when
averaged with highly attractive groups, but less attractive when averaged with highly unattractive
groups. Conversely, we predicted that highly unattractive target faces would become more
attractive when averaged with other unattractive faces, and with highly attractive faces.

As in Experiment 2, we calculated a cheerleader effect measure for attractive and
unattractive target faces presented in attractive and unattractive groups. If the cheerleader effect
is related to the attractiveness of the ensemble average, we expected that the size and direction of

the cheerleader effect would mirror the attractiveness ratings given to the average faces of each



105

group. Specifically, we predicted that the cheerleader effect would occur when attractive targets
were presented in attractive groups, and for unattractive targets in unattractive groups.
Furthermore, we predicted that the cheerleader effect would be largest when unattractive targets
were presented in attractive groups, whereas a decrease in attractiveness would be found when
attractive targets were presented in unattractive groups.

Finally, we used the attractiveness ratings given to each average face to create a new
change measure, called “ensemble effect’, to test the hierarchical encoding mechanism directly
(Walker & Vul, 2014). Ensemble effect was used to examine whether the size of the cheerleader
effect for each target image was related to the attractiveness of the average face of the group it
appeared within. The ensemble effect measure was calculated for each target face by subtracting
the attractiveness of the original target face when seen alone from the attractiveness rating given
to the average face of its group. Ensemble effect, therefore, shows how much more attractive the
group average was compared to the target face in the group. We hypothesised that hierarchical
encoding would be demonstrated by a positive correlation between the magnitude of ensemble
effect and the size of the cheerleader effect. This positive correlation would show that target
faces much less attractive than the group average (i.e., those with positive ensemble effect)
receive the largest cheerleader effect, whereas any face more attractive than the group average
(i.e., those with a negative ensemble effect) are perceived to be less attractive in a group.

In relation to trustworthiness, the results of Experiments 2 suggested that untrustworthy
faces receive a larger gain in trustworthiness when viewed in a group than do trustworthy faces.
This pattern of results is consistent with the negative correlation between trustworthiness when
seen alone, and the change in trustworthiness when in a group that we identified in Experiment
1. However, the increase in the trustworthiness of untrustworthy faces fell just short of
significance in Experiment 2. We expected that using extremely untrustworthy and extremely
trustworthy faces would reveal the extent of trustworthiness change in a group. In keeping with

our previous findings, we predicted that extremely untrustworthy faces would be significantly



106

more trustworthy in a group. Furthermore, we expected that if trustworthy faces were to ever
appear less trustworthy in a group (as indicated in Figure 5.5), then the effect would become
apparent using highly trustworthy faces.
Method
Participants

In contrast to Experiments 1 and 2, Experiment 3 used a within-participants design.
Thirty-one participants from Flinders University were recruited to make both attractiveness and
trustworthiness judgments (25 females, M, = 21.68, SD = 5.55). All participants completed the
task as instructed. Data from 1 participant were excluded from all analyses, as their cheerleader
effect mean fell further than 3 §D from the trustworthiness condition mean. The final analyses
consisted of 30 participants. Participants also completed an additional task, which was unrelated
to the aims of the current study. Task order was counterbalanced between participants.
Design

Our stimuli were selected from the social perception databases created by Todorov and
colleagues (2013). We selected 24 highly untrustworthy (-3 S§D) and 24 highly trustworthy (+3
SD) faces to present in the trustworthiness judgment condition, and 24 highly unattractive (-3
SD) and 24 highly attractive (+3 SD) faces for the attractiveness judgment condition. For full
methodological detail concerning the creation of the stimuli, see Todorov et al. (2013) and
Oosterhof and Todorov (2008). To maximise the number of possible trials using the stimuli
from Todorov et al. (2013), we reduced the size of each group to three faces; one target and two
distractor faces (Carragher et al., 2018). Importantly, Walker and Vul (2014) found that the size
of the cheerleader effect did not differ depending on the number of faces in the group. Three
individual portraits were shown horizontally, side by side, to create each group image. Each
individual portrait was 70 mm x 80 mm (8.00°, 9.15°) in size, and group images were 210 mm x

80 mm (23.72°, 9.15°).
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Within each judgment condition, Todorov and colleagues (2013) created the high trait
and low trait value faces from an initial sample of 24 neutral identities. We selected 8 identities, at
random, to be the target faces for both the unattractive (untrustworthy) and attractive
(trustworthy) conditions. It was necessary to select the same stimulus identities for each
attractiveness (trustworthiness) condition to avoid presenting an attractive (trustworthy) target
identity in the same group as its own unattractive (untrustworthy) counterpart. Within each
attractiveness (trustworthiness) condition, the remaining 16 identities were randomised into pairs
of distractor faces for the unattractive (untrustworthy) and attractive (trustworthy) groups.
Target faces were randomly sorted to appear in unattractive (untrustworthy) and attractive
(trustworthy) groups.

In the attractiveness condition, attractive and unattractive targets were shown three
times: once in an unattractive group, once in an attractive group, and once alone. Similatly, in the
trustworthiness condition, trustworthy and untrustworthy targets were shown three times: once
in an untrustworthy group, once in a trustworthy group, and once alone. Each target was
presented in the same location within the group for both attractiveness (trustworthiness)
conditions. Fight target faces could not be presented with equal frequency in the three possible
positions in the group. Within each of the factorial conditions of each judgment condition [target
attractiveness(trustworthiness) x group attractiveness(trustworthiness)| target faces appeared
three times in the left position of the group image, twice in the centre, and three times in the
right position. Importantly, Carragher et al. (2018) found that the location of the target face in
the group image does not influence the size of the cheerleader effect.

We used FantaMorph Deluxe 5.4.8 to create an average face for each group (Abrosoft,
2016). The three individual faces within the group were weighted equally in the averaging
procedure. Each target face was included in two group averages, one created by averaging the

face with its unattractive (untrustworthy) group, and one created by averaging the face with its
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attractive (trustworthy) group. Each group average face was presented once as a single portrait
image.

As all participants rated both attractiveness and trustworthiness, judgment order was
blocked and counterbalanced between participants. To minimise any confusion from making two
judgments, a small prompt with the judgment condition (‘attractiveness’ or ‘trustworthiness’) was
presented centrally, at the bottom of the screen, on each trial. Participants completed 160 trials in
total. The attractiveness judgment condition consisted of 80 trials; 16 unattractive group trials, 16
attractive group trials, and 48 alone trials, of which 32 were presentations of group average faces.
The trustworthiness judgment condition also consisted of 80 trials; 16 untrustworthy group
trials, 16 trustworthy group trials, 48 alone trials, of which 32 were group average trials. Within
each judgment condition, all trial conditions were intermixed and randomised. The trial
procedure was identical to previous experiments.

Results
Attractiveness

The Cheerleader Effect. One samples #tests showed that unattractive faces were
significantly more attractive in unattractive groups, A29) = 3.69, 95%CI[1.22, 4.28], p = .001, 4 =
0.67, but not in attractive groups, A29) = 1.40, 95%CI[-0.41, 2.19], p = 172, d = 0.26 (see Figure
5.8). Conversely, attractive faces were significantly more attractive in attractive groups, #29) =
2.10, 95%CI10.06, 4.74], p = .045, 4 = 0.38, but not in unattractive groups, A29) = 1.59, 95%ClI|-

0.50, 4.01], p = .122, 4= 0.29.
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Figure 5.8. Cheerleader effect measures for unattractive [black] and attractive target faces [grey],
presented in unattractive and attractive groups. Error bars show within-participants SEM

(Cousineau, 2005).

A 2 x 2 within-participants ANOVA was used to investigate whether the size of the
cheerleader effect was influenced by target attractiveness (unattractive, attractive) and group
attractiveness (unattractive, attractive). The main effects of both target attractiveness, F(1, 29) =

0.04, p = .842, /7; = .001, and group attractiveness were non-significant, F(1, 29) = 0.78, p = .385,
/7; = .026. The interaction between target attractiveness and group attractiveness was significant,
F(1,29) = 5.64, p = .024, 1, = 163.

The significant interaction between target attractiveness and group attractiveness was
analysed using post-hoc paired samples ~tests, with a Bonferroni corrected alpha of a = .025.
The interaction was the result of a non-significant trend toward unattractive faces receiving a
larger cheerleader effect in unattractive groups compared to attractive groups, £29) = 2.20,
95%CI1]0.17, 3.54], p = .032, d = 0.41. The size of the cheetleader effect for attractive targets did
not differ significantly between group attractiveness conditions, #29) = 0.71, 95%CI[-1.21, 2.50],

=481, 4=0.13.
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Average Faces. A 2 (target attractiveness: unattractive, attractive) x 3 (ensemble
condition: unattractive group, original image, attractive group) within-participants ANOVA was
used to investigate the effect that digital averaging had on the attractiveness ratings given to the
target faces. Greenhouse-Geisser corrected degrees of freedom are reported in all analyses where
sphericity was violated. The main effect of target attractiveness was significant, F(1, 29) =

153.03, p < .001, 7, = .841, as was the main effect of ensemble condition, F(1.41, 40.86)
=143.76, p < .001, /7; = .832 (see Figure 5.9). Both main effects were qualified by a significant

interaction between the target attractiveness and ensemble condition, F(2, 58) = 93.23, p < .001,

77]2) = .763. Separate one-way ANOVAs for each target attractiveness condition were used to
investigate the significant interaction.
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Figure 5.9. Attractiveness ratings for the original unattractive [black] and attractive [grey] faces
when seen alone, and when averaged with unattractive and attractive groups. Error bars show

within-subjects SEM (Cousineau, 2005).
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A one-way within-participants ANOVA was used to analyse the attractiveness ratings for
attractive target faces in each ensemble condition. The main effect of ensemble condition was

significant, F(1.27, 36.82) = 72.60, p < .001, 77;: = .715. Attractive group averages (M = 55.70, §D

= 15.30) were significantly more attractive than attractive target faces (M = 51.16, SD = 15.14),
#29) = 4.40, 95%CI|2.43, 6.65], p < .001, 4 = 0.80. Attractive target faces were significantly more
attractive than the unattractive group averages (M = 31.87, §D = 14.28), #29) = 7.87,
95%CI[14.27, 24.30], p < .001, d = 1.44. Finally, attractive group averages were significantly more
attractive than unattractive group averages, (29) = 9.61, 95%CI[18.75, 28.90], p < .001, 4 = 1.75.
A one-way within-participants ANOVA was used to analyse the attractiveness ratings for
unattractive target faces in each ensemble condition. The main effect of ensemble condition was

significant, F(1.13, 32.74) = 194.40, p < .001, 77;: = .870. Attractive group averages (M = 53.21,

SD = 15.25) were significantly more attractive than unattractive target faces (M = 19.44, §D =
10.73), (29) = 14.32, 95%CI[28.95, 38.59], p < .001, d = 2.62. Interestingly, the unattractive
group averages (M = 20.51, §D = 11.51) were not significantly more attractive than the original
unattractive target faces, A29) = 1.56, 95%CI[-0.33, 2.40], p = .129, d = 0.29. Finally, the
attractive group averages were significantly more attractive than unattractive group averages,
#29) = 14.14, 95%CI|27.98, 37.44], p < .001, d = 2.58.

Hierarchical Encoding. Finally, we performed the first direct test of the proposed
hierarchical encoding mechanism in the cheerleader effect. Recall that we calculated a new
change measure for this analysis, ensemble effect. Ensemble effect shows how much more
attractive the group average face was than the target face being recalled from each group. In
contrast to our prediction of a positive correlation between the two measures, the relationship
between ensemble effect and the cheerleader effect was non-significant, n(32) = -.178, 95%ClI|-
496, .182], p = .330 (see Figure 5.10). Our results suggest that the size of the cheerleader effect is

not related to the attractiveness of the group average.
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Figure 5.10. The relationship between the size of the cheerleader effect and the direction of
ensemble effect for each target face. Faces with positive ensemble effect scores were less
attractive than the group average, while faces with negative ensemble effect scores were more

attractive than the group average.

Lastly, we performed a second correlation to investigate whether the attractiveness of the
individual was related to the size of the cheerleader effect. As was the case in Experiment 1, the
attractiveness of the individual was unrelated to the size of the cheerleader effect they
experienced in a group, 7(32) = .152, 95%CI[-.207, .476], p = .405.

Trustworthiness

Trustworthiness Change. One sample ~tests found untrustworthy faces were
significantly more trustworthy when shown in untrustworthy groups, A29) = 2.90, 95%CI[1.10,
6.34], p = .007, 4 = 0.53, but not trustworthy groups, A29) = 1.63, 95%CI[-0.54, 4.75], p = 114, d
= 0.30 (see Figure 5.11). Trustworthy faces did not increase in trustworthiness when shown in
either untrustworthy, A29) = 0.43, 95%CI[-1.78, 2.73], p = .670, d = 0.08, or trustworthy groups,

29) = 0.34, 95%CI[-1.87, 2.61], p = .737, d = 0.06.
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Figure 5.11. The change in perceived trustworthiness for untrustworthy [black] and trustworthy
target faces [grey|, when presented in unattractive and attractive groups. Error bars represent

within-participants SEM (Cousineau, 2005).

A 2 x 2 within-participants ANOVA was used to examine whether the strength of the
trustworthiness change was influenced by target trustworthiness (untrustworthy, trustworthy)
and group trustworthiness (untrustworthy, trustworthy). The main effects of target

trustworthiness, F(1, 29) = 2.68, p = .113, /75 = .084, and group trustworthiness were non-
significant, F(1, 29) = .987, p = .329, 77]2) = .033. The interaction between target trustworthiness
and group trustworthiness was similarly non-significant, F(1, 29) = 1.24, p = .275, 77;: =.041.

Average Faces. A 2 (target trustworthiness: untrustworthy, trustworthy) x 3 (ensemble
condition: untrustworthy group, original image, trustworthy group) within-participants ANOVA

was used to investigate the effect that digital averaging had on the trustworthiness ratings given

to the target faces. The main effects of target trustworthiness, F(1, 29) = 143.39, p < .001, 775 =
.832, and ensemble condition were significant, F(1.57, 45.52) = 78.71, p < .001, 77;: = .731 (see

Figure 5.12). The significant main effects were qualified by a significant interaction, F(2, 58) =



114

74.02, p < .001, 77;: = .719. Separate one-way ANOVAs for each target trustworthiness condition
were used to investigate the significant interaction.
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Figure 5.12. Trustworthiness ratings for the original untrustworthy [black] and trustworthy [grey]
faces when seen alone, and when averaged with untrustworthy and trustworthy groups. Error

bars show within-subjects SEM (Cousineau, 2005).

A one-way within-participants ANOVA was used to analyse the trustworthiness ratings
for the trustworthy target faces in each ensemble condition. The main effect of ensemble

condition was significant, F(1.45, 42.03) = 36.17, p < .001, 77;: = .555. Trustworthy group

averages (M = 66.45, SD = 13.01) were significantly more trustworthy than the trustworthy
target faces (M = 62.22, §D = 13.18), /29) = 3.52, 95%CI[1.77, 6.70], p = .001, 4 = 0.64. The
trustworthy target faces were significantly more trustworthy than the untrustworthy group
averages (M = 50.49, §D = 14.92), £29) = 5.28, 95%CI|7.18, 16.28], p < .001, 4 = 0.96. Finally,
trustworthy group averages were significantly more trustworthy than untrustworthy group

averages, £29) = 7.18, 95%CI[11.41, 20.52], p < .001, = 1.31.
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A one-way within-participants ANOVA was used to analyse the trustworthiness ratings
for the untrustworthy faces in each ensemble condition. The main effect of ensemble condition

was significant, F(1.60, 46.33) = 109.74, p < .001, /7; = .791. Trustworthy group averages (M =

58.56, §D = 13.05) were significantly more trustworthy than untrustworthy target faces (M =
28.14, §D = 12.25), /29) = 13.30, 95%CI|25.74, 35.09], p < .001, 4 = 2.43. Untrustworthy group
averages (M = 33.33, §D = 15.57) were also significantly more trustworthy than untrustworthy
target faces, #(29) = 3.25, 95%CI[1.92, 8.46], p = .003, d = 0.59. Finally, the trustworthy group
averages were significantly more trustworthy than the untrustworthy group averages, #29) =
9.75, 95%CI[19.94, 30.52], p < .001, 4 = 1.78.

Hierarchical Encoding. We tested the correlation between the magnitude of
trustworthiness change in a group, and the ensemble effect score for each target face. The
relationship between ensemble effect and trustworthiness change was non-significant, 7(32) =
244, 95%CI[-.115, .540], p = .179 (see Figure 5.13). Our findings suggest the change to

trustworthiness when seen in a group is unrelated to the trustworthiness of the group average.
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Figure 5.13. The relationship between the change in trustworthiness in a group and the direction

of ensemble effect for each target face. Faces with positive ensemble effect scores were less

trustworthy than the group average, while faces with negative ensemble effect scores were more

trustworthy than the group average.

Finally, we performed a second correlation to investigate whether the trustworthiness of

the individual was related to the change in perceived trustworthiness when seen in a group.

There was a negative correlation between an individual’s trustworthiness alone and the change to

perceived trustworthiness in a group, 7(32) = -.500, 95%CI[-.723, -.183], p = .004, replicating the

negative correlation reported in Experiment 1.

Discussion

Interestingly, our results suggest that hierarchical encoding does not contribute to the

cheerleader effect. The cheerleader effect occurred when attractive targets were presented in

attractive groups, and when unattractive targets were presented in unattractive groups. However,

the faces created by averaging the unattractive targets with the unattractive groups were not

significantly more attractive than the original unattractive targets. Moreover, the cheerleader
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effect did not occur when unattractive faces were presented in attractive groups, even though
participants rated these average faces to be much more attractive than the original target face.
Furthermore, if memory for the attractiveness of the individual was biased toward the
attractiveness of the group average, then the attractive targets should have been recalled to be
significantly less attractive in an unattractive group, which was not the case. Finally, there was no
relationship between the size of the cheerleader effect each face experienced and the
attractiveness of the average face of the group. As such, our findings are inconsistent with
hierarchical encoding, and suggest that exploration of a new mechanism is warranted. Curiously,
our results suggest that the mechanism causing the cheerleader effect has little to do with the
attractiveness of the faces in the group at all.

Untrustworthy faces became significantly more trustworthy in a group, as was suggested
by the results of Experiments 1 and 2. Importantly, we replicated the negative correlation
reported in Experiment 1 between the trustworthiness of the individual and the change to their
perceived trustworthiness in a group. As with attractiveness judgments, the change to the
perceived trustworthiness of an individual was unrelated to the trustworthiness of the group
average. It is noteworthy that trustworthy faces did not experience the predicted decrease in
trustworthiness that would be typical of hierarchical encoding. Rather, appearing in either group
condition had little influence on the change in trustworthiness for already trustworthy faces.
Across three experiments, the perceived trustworthiness of the target face was the strongest
determinant of the change in trustworthiness in a group. The largest increase in trustworthiness
occurs for untrustworthy faces, while already trustworthy faces remain the same. Our results

suggest that hierarchical encoding does not undetlie this effect either.
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General Discussion

Both attractiveness and trustworthiness are automatically evaluated from the face (Engell
et al., 2007; Winston et al., 2007; Winston et al., 2002). Both are positive judgments that load on
the same factor dimension in trait perception (Oosterhof & Todorov, 2008). Therefore, it is not
surprising that we found attractiveness and trustworthiness ratings to be positively correlated in
Experiment 1. The dissociation whereby the same faces became more attractive, but not
necessarily more trustworthy when presented in a group, was surprising. It appears group
presence has a unique and dissociable influence on the same faces, depending on the trait being
evaluated. Although attractiveness and trustworthiness are strongly correlated, they are
hypothesised to have different evolutionary origins and social functions. We propose that these
functional differences between attractiveness and trustworthiness explain why group presence
has a unique influence on each judgment.
Attractiveness

The cheerleader effect is a robust visual phenomenon, whereby faces are consistently
perceived to be more attractive in a group than alone (Carragher et al., 2018; Walker & Vul,
2014). Unlike trustworthiness, attractiveness is not a “trait” judgment as such; it is a judgment of
a physical characteristic of the face being evaluated. Facial attractiveness is hypothesised to have
an evolutionary origin (Little et al., 2011b; Thornhill & Gangestad, 1999), as attractiveness
ratings are similar across genders (Rhodes, 2000), and cultures (Cunningham et al., 1995). As
both males and females seek attractive partners (Fletcher, Tither, O’Loughlin, Friesen, &
Opverall, 2004; Rhodes, 2000), it is possible that facial attractiveness might have been shaped by
sexual selection (Grammer & Thornhill, 1994; Little et al., 2011b). Sex-typical traits
(Cunningham, Barbee, & Pike, 1990; Perrett et al., 1998; Rhodes et al., 2003), symmetry
(Grammer & Thornhill, 1994; Perrett et al., 1999), and averageness (Langlois & Roggman, 1990;
Rhodes, 2006; Rhodes et al., 1999) are suggested to be highly attractive in faces because they can

be honest cues about the health of a potential mate (Fink & Penton-Voak, 2002; Little et al.,
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2011b; Thornhill & Gangestad, 1999). From an evolutionary perspective, it is unlikely that social
group membership directly influences the perceived attractiveness of an individual, because
group membership is not a direct indicator of an individual’s health. Nonetheless, observers
consistently perceive faces to be more attractive in a group than alone (Carragher et al., 2018;
Walker & Vul, 2014).

In keeping with an evolutionary perspective of facial attractiveness, the hierarchical
encoding mechanism (Walker & Vul, 2014) did not treat the cheerleader effect to be a social
phenomenon, but instead considered it to be a side effect of the way the visual system encodes
group displays. Using predictions derived from a hierarchical encoding mechanism, we expected
the size of the cheerleader effect would be related to the attractiveness of the ensemble average,
which we approximated by creating a digital morph of each group image. However, we showed
that the size of the cheerleader effect for each target face was unrelated to the attractiveness of
the digitally average face of the group it was presented within. Furthermore, the cheerleader
effect did not occur when unattractive faces where shown in attractive groups, even though the
digitally averaged faces of those groups were significantly more attractive than the unattractive
target. Walker and Vul (2014) also noted that the size of the cheerleader effect did not increase
with increasing group size, nor with decreasing image quality, both of which were predicted to
increase by a hierarchical encoding mechanism. Taken together, our findings do not support the
idea that hierarchical encoding underlies the cheerleader effect. As such, we discuss potential
other mechanisms that could contribute to the cheerleader effect.

The cheerleader effect is conceptually similatly to the group attractiveness effect, wherein
observers overestimate the attractiveness of a whole group of faces, relative to the average of the
attractiveness ratings given to each individual group member (van Osch et al., 2015). van Osch et
al. (2015) showed that the group attractiveness effect occurs because observers only attend to a
subset of the most attractive faces in the group. Attractiveness is a salient visual cue (Levy et al.,

2008), and observers gaze longer at attractive than unattractive faces (Maner et al., 2003; van
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Osch et al., 2015). It is possible that selective attention toward the most attractive face in the
group could cause the cheerleader effect. Consistent with a selective attention mechanism, the
cheerleader effect did not occur when the target was the most attractive face in the group (i.e.,
Experiments 2 and 3). However, the cheetleader effect was not larger for unattractive faces in
attractive groups, even though they should be unattended. Furthermore, visual inspection of the
correlation pattern in Figure 5.4 finds no obvious decline in the size of the cheerleader effect for
highly attractive faces. Taken together, our findings indirectly suggest that the cheerleader effect
is unlikely the result of selective attention toward the most attractive faces in the group. Future
research should test the selective attention account directly by using eye-tracking to investigate
whether observers preferentially attend to the most attractive faces in the group (Maner et al.,
2003; van Osch et al., 2015).

Alternatively, the increase in attractiveness could be related to social inferences based on
group membership. Appearing in a social group might suggest that the individual is friendly and
likable (i.e., if other people enjoy the company of this person, perhaps there is something
attractive about them). The distinction between a social effect and a perceptual effect could be
identified by manipulating the type of images that are included in the group. If the cheerleader
effect were truly social in nature, the effect should not occur when a human face is presented in a
group with non-human stimuli (e.g., houses, cars). However, if one were to find the effect for a
human face in a non-human group, it would provide evidence that the cheerleader effect is
perceptual, and is related to the complexities of encoding group stimuli.

One potential limitation of our work is that the direct test of the hierarchical encoding
mechanism was performed using digitally averaged computer-generated stimuli (Todorov et al.,
2013). The attractiveness of average facial characteristics is hypothesised to be related to their
signalling of underlying health characteristics (Lie et al., 2008; Little et al., 2011b; Rhodes, 20006),
which are not present in computer-generated faces. Furthermore, the computer-generated

stimuli are symmetrical and free from idiosyncrasies, which are removed when natural faces are
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averaged, and can also contribute to making the average face appear more attractive than the
original faces. Therefore, it is possible that the relationship between the attractiveness of the
group average face and the individual target is stronger when naturalistic faces are used. Despite
the potential limitations of using computer-generated faces, the cheerleader effect was still
observed, showing that naturalistic faces are not required to observe the effect. Future research
should be undertaken to reconsider our conclusions about the hierarchical encoding mechanism
by digitally averaging natural faces.
Trustworthiness

Interestingly, the cheerleader effect does not extend to perceptions of trustworthiness,
even though identical stimuli were used in both judgment conditions (i.e., Experiment 1).
Although trustworthiness was not systematically increased when faces were shown in a group,
group presence did consistently modulate perceived trustworthiness of an individual seen in a
group. This effect of group presence appears to disproportionately benefit untrustworthy
individuals. Across three experiments, untrustworthy faces consistently became more
trustworthy in a group, whereas there was no consistent change to trustworthy faces. The
trustworthiness of the distractor faces in the group had little influence on this effect, suggesting
that the trustworthiness of the target drives the effect. As with the cheerleader effect, the change
to the trustworthiness of a face in a group is inconsistent with hierarchical encoding. Firstly, the
change to an individual’s trustworthiness when in a group was unrelated to the trustworthiness
of the group average (i.e., Experiment 3). Moreover, trustworthy faces do not experience a
significant decrease in trustworthiness, even when they are the most trustworthy face in the
group. Unlike attractiveness judgments, which are evaluations of an individual’s physical
characteristics, trustworthiness judgments are inherently social in nature (Todorov, 2008). We
propose that the influence of group presence on judgments of an individual’s trustworthiness

can be attributed to the social function of trustworthiness judgments.
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Trustworthiness is a judgment made by an individual about the likelihood that a second
individual will behave in a cooperative manner (Ben-Ner & Halldorsson, 2010). As such,
trustworthiness judgments are argued to have evolved to enable social cooperation between
individuals (Cosmides & Tooby, 1992), by helping us identify who to cooperate with, and who to
avoid (Todorov, 2008). Indeed, individuals change their cooperative behaviour to reflect implicit
judgments of facial trustworthiness, such that they prefer to cooperate with trustworthy looking
individuals (Rezlescu et al., 2012), and avoid cooperating with untrustworthy individuals (Stirrat
& Perrett, 2010). The social nature of trustworthiness judgments may mean that group
membership can be used as a salient cue when evaluating the trustworthiness of an individual.
Seeing an individual in a group could signal to the observer that an individual is trustworthy,
because one can infer that the other members of the group do not find the individual
threatening. As such, individuals might be perceived to be more trustworthy in a group than
alone. However, this explanation does not explain why group membership only appears to
benefit untrustworthy individuals.

While trustworthiness judgments are important social evaluations, these judgments also
have a strong biological basis. Even when trustworthiness judgments are not task relevant, the
trustworthiness of unfamiliar faces automatically activates the amygdala (Engell et al., 2007;
Winston et al., 2002), a neural structure that is also activated by threatening stimuli (Ohman,
2005) and directly linked with fear conditioning (LaBar, Gatenby, Gore, LeDoux, & Phelps,
1998). Interestingly, the activation pattern in the amygdala is asymmetric, such that greater
activation occurs for untrustworthy compared to trustworthy faces (Engell et al., 2007; Todorov,
2008). Todorov (2008) suggests that the asymmetric activation of the amygdala is evidence that it
is more important to avoid potentially threatening untrustworthy individuals, than it is to
cooperate with trustworthy individuals (Cosmides & Tooby, 1992). Perhaps group context does
not benefit trustworthy individuals, simply because they were already considered trustworthy,

and were already likely to be cooperated with. In contrast, group context might
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disproportionately benefit untrustworthy individuals, because they were likely to be avoided
when seen alone. Appearing in a group might instead suggest to the observer that the individual
can be trusted, because the other members in the group have not judged the individual to be an
immediate threat.

A potential limitation concerns the generalisability of our findings to trustworthiness
judgments of naturalistic male faces. In Experiments 1 and 2, the stimuli presented were happy
female faces, which overall, were rated to be relatively trustworthy. The male faces that we used
in Experiment 3 were computer-generated, and were selected because they appeared extremely
trustworthy or untrustworthy. Therefore, our work does not speak to the effect of group
presence on naturalistic male faces. Given that observers spontaneously trust female faces more
than male faces (Carragher, Thomas, & Nicholls, 2017), there could be a pronounced difference
in the effect of group presence on trustworthiness judgments, depending on the sex of the face
being evaluated. Perhaps male faces, which are considered less trustworthy than females initially,
experience a larger increase in trustworthiness when in a group than do female faces. Further
research, which uses naturalistic male and female faces, is needed to address this suggestion
directly.

Conclusion

Our work adds to a growing literature, which indicates that trait perception is influenced
by social context (Carragher et al., 2018; van Osch et al., 2015; Walker & Vul, 2014). As the vast
majority of social perception research has examined how we judge faces that are presented in
isolation (Phillips et al., 2014), it is clear that further work is needed to understand how social
presence influences trait perception. Future work should consider whether appearing in a group
not only makes an individual more attractive, but whether this results in the attribution of other
favourable stereotypes that are associated with attractiveness, such as competence or intelligence
(Eagly et al., 1991; Langlois et al., 2000). Furthermore, Figure 5.5 showed that many highly

trustworthy individuals were perceived to be less trustworthy within a group. Therefore, it
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should be considered that the influence of social presence might not always be beneficial to an
individual. Our findings raise the interesting possibility that the influence of group presence on
trait impressions differs depending on the trait being evaluated. Further research is needed to
understand how social presence influences a multitude of trait judgments other than

attractiveness and trustworthiness.
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Chapter 6: Does Hierarchical Encoding Cause The Cheerleader Effect?

Citation
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12/10/18). The cheetleader effect occurs in the absence of hierarchical encoding. Journal of
Excperimental Psychology: General. Authors NAT, OSG and MERN contributed to the
conceptualisation of the current project and edited the manuscript.
Rationale

In the following chapter, I explicitly test whether Walker and Vul’s (2014) hierarchical
encoding mechanism causes the cheerleader effect. Across five experiments, I investigated
whether the cheerleader effect would occur when faces were presented in groups that could not
be mentally summarised to create an ensemble average with average facial characteristics. I also
investigated whether the cheerleader effect relies on face specific processing mechanisms, and
whether the cheerleader effect itself is specific to human faces. Finally, this chapter also contains
a meta-analysis of seven control condition cheerleader effect measures that are reported, which

identifies the size of the typical cheerleader effect for future research.
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Abstract

“The cheerleader effect” occurs when an individual face is perceived to be more
attractive in a group of other faces compared to alone. The visual system rapidly summarises
groups of faces into an ensemble average, and the hierarchical structure of visual working
memory causes observers to remember individual faces as being more alike the ensemble average
than they truly were. The cheerleader effect might occur because the ensemble average has
average facial characteristics, which are typically perceived to be highly attractive. Across five
experiments, we tested whether hierarchical encoding is necessary for the cheerleader effect to be
observed. Observers gave attractiveness ratings for target faces shown in a group and alone.
Consistent with hierarchical encoding, the largest cheerleader effects occurred when the target
face was presented in a group with human faces, which could be summarised to give the
ensemble representation average characteristics. A meta-analysis of the data from seven control
conditions indicated that the #pica/ cheerleader effect increases the attractiveness of an individual
by 1.6% (4 = 0.69). Although some support for the hierarchical encoding mechanism was found,
we also observed significant cheerleader effects in group conditions that could not be
summarised to create an average face, suggesting hierarchical encoding is not necessary for the
cheerleader effect to occut. Instead, our results indicate that the size of the cheetleader effect
fluctuates with the value of the items in the group, suggesting the effect might be related to the

socially desirable characteristics that are attributed to individuals in groups.
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Introduction

Facial attractiveness is rapidly evaluated during first impressions (Olson & Marshuetz,
2005; Ritchie, Palermo, & Rhodes, 2017; Willis & Todorov, 2000), and is associated with many
positive social stereotypes (Dion et al., 1972; Eagly et al., 1991; Langlois et al., 2000). Compared
to unattractive individuals, attractive people are perceived to have more socially desirable
personalities and occupations (Dion et al., 1972), to be more trustworthy (Andreoni & Petrie,
2008; Wilson & Eckel, 2006) and intelligent (Eagly et al., 1991; Langlois et al., 2000). Attractive
individuals also receive shorter criminal sentences (Stewart, 1980), higher salaries (Hamermesh &
Biddle, 1993), and go on more dates than unattractive individuals (Langlois et al., 2000). Facial
attractiveness is influenced by specific facial characteristics such as symmetry, sexually dimorphic
traits, and averageness (Little et al., 2011b; Rhodes, 2006; Thornhill & Gangestad, 1999). Because
the majority of facial attractiveness research has focused on identifying the characteristics of
attractive faces, these studies have primarily presented face stimuli in isolation (Phillips et al.,
2014). Yet many of our daily interactions take place in social settings, wherein people are
surrounded by others when we meet them for the first time. Recent findings indicate that the
perceived attractiveness of an individual can fluctuate in response to social context (Carragher et
al., 2018; Geiselman et al., 1984; Little et al., 2011c; Sigall & Landy, 1973; van Osch et al., 2015;
Walker & Vul, 2014).

The notion that attractiveness can be influenced by the presence of others has
colloquially been described as #he cheerleader effect, which was popularised by the television show
‘How I Met Your Mother (Rashid & Fryman, 2008). Walker and Vul (2014) provided the first
empirical support for the cheerleader effect, reporting that the same individual is perceived to be
more attractive when seen in a group, compared to when they are seen alone. The cheerleader
effect is a robust visual phenomenon, observed for female and male faces, as well as for
individual faces seen in groups of 4 to 16 faces (Walker & Vul, 2014). Carragher et al. (2018)

replicated the cheerleader effect and found that it was remarkably consistent in size, regardless of
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the spatial position of the target face within the group. Overall, the same individual is perceived
to be approximately 1.5-2% more attractive in a group, compared to when they are seen alone
(Carragher et al., 2018). Walker and Vul (2014) hypothesised that the cheerleader effect was the
result of a complex interaction between the way that visual scenes are summarised by the visual
system (Alvarez, 2011; Whitney & Yamanashi Leib, 2018), the attractive characteristics of
average faces (Langlois & Roggman, 1990; Rhodes, 20006), and the hierarchical structure of visual
working memory (Brady & Alvarez, 2011, 2015a).

The cheerleader effect demonstrates that even though the observer is instructed to recall
the attractiveness of a single face from the group, the task-irrelevant distractor faces within the
group display are encoded and interfere with the subsequent judgement. When presented with a
complex visual scene, such as a group of faces, the human visual system rapidly creates a
summary representation of the scene through a process known as ensemble coding (Alvarez,
2011; Ariely, 2001; Whitney & Yamanashi Leib, 2018). Ensemble coding compresses redundant
visual information into a single percept, which allows the visual system to minimise the cognitive
load associated with encoding many individual items, whilst retaining access to the accurate
summary statistics of the scene (Alvarez, 2011; Whitney et al., 2014; Whitney & Yamanashi Leib,
2018). Through ensemble coding, observers can accurately identify the average characteristics of
a scene, such as the average orientation of a group of tilted gabor patches (Parkes et al., 2001) or
the average size of a group of circles (Ariely, 2001; Chong & Treisman, 2003, 2005b). Despite
being instructed to focus on the size of the four individual circles in the display, observers
incorrectly “remembered” seeing circles that were the average size of the group, even though no
such circles were presented (Ariely, 2001). Ensemble coding occurs rapidly, if not automatically
(Fischer & Whitney, 2011; Parkes et al., 2001), and summary statistics are extracted with
remarkable accuracy (Alvarez, 2011; Whitney & Yamanashi Leib, 2018), even from unattended
displays (Alvarez & Oliva, 2008, 2009). Importantly, ensemble coding also occurs for groups of

faces (Haberman & Whitney, 2007, 2009, 2011).
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Through ensemble coding, observers can accurately identify the average identity of a
group (de Fockert & Wolfenstein, 2009; Neumann et al., 2013; Yamanashi Leib et al., 2014).
After being presented with a group consisting of four different identities, observers are asked
whether the subsequent memory probe showed a face that was a member of the preceding
group. In addition to correctly recognising set exemplars, observers also mistakenly “recognise”
the set average (i.e., a face that had been created by digitally averaging the individual faces in the
group together). Crucially, observers do not endorse “foil averages” (i.e., faces made by
averaging a different group of faces; Neumann et al., 2013), suggesting that the set average is not
recognised because average faces are familiar (Langlois et al., 1994), but because the observer
mentally summarises the group and extracts the average identity (de Fockert & Wolfenstein,
2009; Neumann et al., 2013).

Haberman and Whitney (2007) found that through ensemble coding, observers could
also accurately identify the average expression shown by a group of four emotional faces.
Remarkably, even when no individual face shows the average emotion of the group, observers
can identify the group’s average expression with the same precision that is shown when
identifying the expression of a single emotional face (Haberman et al., 2009). The ensemble
coding of expression occurs rapidly, as observers can accurately identify the average expression
shown by a group of 16 faces that has been presented for only 50 ms (Haberman & Whitney,
2009). Ensemble coding can also be used to accurately identify the diversity of a group on
dimensions including ethnicity, gender and dominance (Phillips et al., 2018). Interestingly, Luo
and Zhou (2018) also found that observers could accurately identify the average attractiveness of
a group of faces. Taken together, these findings demonstrate that the ensemble coding of faces is
automatic, highly precise, and occurs across a variety of dimensions including identity, emotion,
and attractiveness.

Despite allowing us to accurately identify the average emotion of a group of faces

(Haberman & Whitney, 2007, 2009), ensemble coding also influences our memory for the
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individual items that were present in the group (Brady & Alvarez, 2011; Lew & Vul, 2015). When
asked to recall the characteristics of a single item from a group, observers remember it to be
more alike the ensemble average than it was. For example, Brady and Alvarez (2011) asked
observers to recall the size of a single circle, which was presented in a display that simultaneously
consisted of three sets of circles that were different sizes and colours. Observers recalled the
same individual circle to be larger when it was the same colour as the larger circles in the display,
and smaller when it was the same colour as the smaller circles. Hierarchical encoding also
influences the recall of emotion shown by an individual face in a group (Griffiths et al., 2018).
When asked to recall the emotion of a single target face from the group, observers were more
likely to recall it to be slightly more alike the average expression of the group than it truly was.
Target faces that were less happy than the group average were recalled as being happier than they
really were, while faces that were happier than the group average were remembered as being less
happy. These findings suggest that visual working memory has a hierarchical structure, wherein
the individual items from the scene are encoded in reference to the summary statistics of the
display (Lew & Vul, 2015), and when recalled, are incorrectly remembered as being more alike
the group average than they really were (Brady & Alvarez, 2011; Griffiths et al., 2018).

Walker and Vul (2014) proposed that the cheerleader effect is also caused by hierarchical
encoding, such that the recalled attractiveness of an individual face is biased toward the
attractiveness of the ensemble average (Luo & Zhou, 2018). Crucially, instead of being perceived
to be of “average” attractiveness, faces with average characteristics are actually perceived to be
highly attractive (Langlois & Roggman, 1990; Rhodes et al., 1999; Rhodes et al., 2001). In fact,
average faces created by digitally averaging individual faces together are often perceived to be
more attractive than the individual faces from which they are made (Langlois & Roggman, 1990;
Rhodes et al., 1999; Rhodes et al., 2001). Walker and Vul (2014) suggested that much like a
digitally averaged face, the ensemble average is also perceived to be highly attractive, because it

has the average facial characteristics of the group. Therefore, Walker and Vul (2014) hypothesise
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that the cheerleader effect occurs because the individual target face is recalled as being more
similar to the ensemble average (Brady & Alvarez, 2011), which, due to its average
characteristics, is actually perceived to be highly attractive (Langlois & Roggman, 1990).
Although the cheerleader effect is consistent with the hierarchical encoding mechanism
proposed by Walker and Vul (2014), such a mechanism has not been directly tested. Our aim
was to investigate the underlying cause of the cheerleader effect by first testing for an influence
of hierarchical encoding and subsequently testing for the possible contribution of other factors.
Experiment 1

The hierarchical encoding mechanism proposed by Walker and Vul (2014) is predicated
on the ensemble being mentally summarised to create an ensemble average that has average
facial characteristics. To explore what role, if any, hierarchical encoding has in the cheerleader
effect, we investigated whether the cheerleader effect would occur when individual faces were
presented in a group condition that could not be summarised to create a face with average facial
characteristics.

In a between-participants design, observers were randomly assigned to complete one of
two cheerleader effect tasks. In both tasks, observers made attractiveness ratings for target faces
that were seen once in a group with two unique distractor faces (i.e., control condition), and once
alone as a portrait image. The two cheerleader effect tasks differed in the composition of a
second group condition that the target face was also seen in. Observers in the zdentical-distractors
task rated the attractiveness of the same target face when it was presented in a group where the
two distractor images were identical images of the target face (i.e., identical-distractors
condition). Observers in the se/f-distractors task rated the attractiveness of the same target face
when it was presented in a group where the two distractor images were different photographs of
the target face (i.e. self-distractors condition).

The key distinction between these distractor conditions (identical-distractors, self-

distractors) was the amount of variance between the faces in the group image. Crucially, there is
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no variance between the faces in a group consisting of identical photographs of the same person.
As such, identical faces cannot be summarised to create an ensemble average with average facial
characteristics that are more attractive than the individual faces in the group. On the other hand,
there can be considerable variance between different photographs of the same person, due to
random factors between images such as lighting, head orientation, and expression. The variability
between different photographs of the same person is such that observers often classify different
photographs of the same person as being photographs of two different people (Jenkins, White,
Van Montfort, & Burton, 2011), and the variability of trait judgments made for different
photographs of the same person can often exceed the variability of trait judgments made for
different individuals (Todorov & Porter, 2014). Because of this variability, different photographs
of the same person can be digitally averaged to create a face with average characteristics (Burton
et al,, 2005).

We predicted the cheerleader effect would occur in the control condition, because the
three unique faces in the group can be summarised to create an ensemble average with attractive,
average facial characteristics (Carragher et al., 2018; Walker & Vul, 2014). If the cheerleader
effect is caused by hierarchical encoding, the effect should not occur in the identical-distractors
condition, because the ensemble average would be no more attractive than the target face.
Finally, the variability between different photographs of the same person should produce an
ensemble average with average characteristics, and the cheerleader effect should also occur in the
self-distractors condition.

Method

We have previously found that the cheerleader effect occurs with a medium effect size (4
= .60; Carragher et al., 2018). A power analysis (G*Power; Faul, Erdfelder, Lang, & Buchner,
2007) indicated that a sample of 26 participants was required to achieve 85% power, with an
alpha of a = .05, in a two-tailed, one sample #test. The one sample #test is used as the primary

test of the cheerleader effect, to assess whether the change in the perceived attractiveness of an
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individual seen in a group is statistically significant. Prior to analysis (Carragher et al., 2018),
exclusion criteria were established to remove all data from participants with a cheerleader effect
score further than 35D from the condition mean, and from those participants who did not
complete the task as instructed.

The Social and Behavioural Research Ethics Committee of Flinders University approved
all research conducted in the current study. All participants gave their written informed consent
prior to testing, were debriefed upon completion, and received course credit or $10 AUD for
their participation. Each testing session required approximately 15-25 minutes to complete'”. All
participants in each experiment reported in the current study were recruited from Flinders
University.

Participants

Sixty-four participants (48 females, M, = 23.58, D = 9.73) were recruited to participate
in either the identical-distractors task or the self-distractors task. Participants with a cheerleader
effect further than 35D from the condition mean (# = 2), and those who failed to follow task
instructions (# = 2) were excluded from analysis (Carragher et al., 2018). Additionally,
participants with incomplete data due to technical failure were also excluded from analysis (# =
1). The final sample in the identical-distractors task consisted of 28 participants (20 females, M,
= 26.68, §D = 13.76). The final sample in the self-distractors task consisted of 31 participants
(23 females, M, = 21.13, D = 3.40).

Apparatus

All experiments in the current study were programmed using E Prime 2.0 (Psychology

Software Tools, Pittsburgh, PA), and presented on a 22” monitor (1680 x 1050) running at 60

Hz. Stimuli were viewed at an approximate distance of 500 mm. In each experiment, individual

12 Participants in the self-distractors task (Experiment 1), as well as all participants in Experiments 2 and 4,
completed a single additional task that was unrelated to the aims of the current research. For practical purposes,
additional tasks were given when the cheerleader effect task would have otherwise required only a brief testing
session. The order of task administration was counterbalanced for these participants.
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portraits were presented in the centre of the display (70 mm x 80 mm; 8.00° x 9.15°). Group
images were created by presenting three individual portraits side by side (210 mm x 80 mm;
23.72° x 9.15°; Carragher et al., 2018). The position of the target and distractor faces in the
group (i.e., left, centre, right) was randomly assigned. Target faces appeared with equal frequency
in each position within the group. In all experiments that required the same target face to be
presented in two or more group images, the target image was always presented in the same
position within each group (left, centre, right).

Stimuli

Identical-Distractors. The face stimuli selected for the identical-distractors task came
from the stimulus set created by Carragher et al. (2018). This stimulus set was created by initially
collecting photographs of females in groups, by querying an online search engine with the search
term “Bridesmaids”. Individual portraits were created by closely cropping the individual faces
from the group image. In total, the stimuli set contained 320 unique faces. All faces were female
and showed happy or joyous expressions, as determined by the researchers. Most faces appeared
to be of Caucasian ethnicity and between 20 and 40 years of age.

From this stimulus set, 105 faces were randomly selected to be presented as target faces
in the identical-distractors task. The remaining faces from the stimulus set were randomly
presented as distractor faces in the control condition (see Figure 6.1). Each group image was
presented once, and a cheerleader effect measure was only calculated for the single target face in
the group. Identical-distractor groups were created by simultaneously presenting the target image
three times side by side. Trial presentation was fully randomised, with group and alone trials
intermixed. The identical-distractors task consisted of 315 trials: 105 control trials, 105 identical-
distractors trials, and 105 alone trials.

Self-Distractors. A new stimulus set was created for the self-distractors task. We
collected 3 different images of 225 unique identities from online sources. The stimulus set

consisted of images of female athletes, because many labelled images of these athletes are readily
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available, but were unlikely to be familiar to participants (Fink, 2015). Indeed, no participant
spontaneously claimed to have recognised an identity among the stimulus set. The faces in this
stimulus set were also all female, showed happy or joyous expressions, and most appeared to be
of Caucasian ethnicity and between 20 and 40 years of age. All images were cropped to remove
any cues to the individual’s profession or identity (e.g., sporting equipment, sponsorship
branding etc.).

From this stimulus set, 75 individuals were randomly selected as target identities. Of the
three available images of each target identity, one image was randomly selected to be presented
as the target face, while the remaining two images were presented as the distractor faces in the
self-distractors condition (see Figure 6.1b). The distractor faces in the control condition were
sampled by randomly selecting a single image from each of the 150 remaining identities in the
stimulus set. The self-distractors task consisted of 225 trials: 75 control trials, 75 self-distractots
trials, and 75 alone trials, which wete intermixed and randomised. The self-distractors task had
fewer trials than the identical-distractors task because there were fewer faces in the stimulus set;
however, because the analyses were conducted using the average attractiveness ratings made by

participants, the reduced number of trials was unlikely to affect the results.
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Identical-Distractors Self-Distractors

Figure 6.1. Stimulus configurations for the Identical-Distractors and Self-Distractors tasks a)
control group trial b) identical-distractor trial/self-distractor trial ¢) alone trial. The Zarget face was
identified by a red frame [centre]. Please note, the faces in the figure are representative of those

in the stimulus set, but were not themselves shown in the experiment.

Procedure

The procedure was the same for both tasks, and unless otherwise noted, was the same for
all experiments reported in the current study. Participants were asked to rate the attractiveness of
each target face, which would be identified by a red frame that appeared around a single face in
the group. Participants completed six practice trials to familiarise themselves with the task.
Initially, group images were presented without the target identified for 2000 ms [un-cued], and
each face was surrounded by a black frame. During this time, participants were encouraged to
look at each face in the group. A red frame then appeared around the target face for an
additional 1000 ms [cued], after which time all images disappeared from the screen. During alone
trials, the target face was presented for 1000 ms with a black frame and an additional 1000 ms
with a red frame, before disappearing from the screen. Once all stimuli were removed from the
screen, participants gave their attractiveness rating for the target face via mouse click along a

visual analogue scale that ranged from “Very Unattractive’ (0%) to “Very Attractive” (100%) (width
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= 192 mm; 21.74°; Carragher et al., 2018). The trial procedure and stimulus presentation time
replicates those used by Walker and Vul (Experiment 4; 2014; Carragher et al., 2018).
Analysis

A cheerleader effect measure was calculated separately for each group condition, by
subtracting the attractiveness ratings given to the target faces when seen alone, from the
attractiveness rating given to the same target faces seen in a group. A positive change score
represents an increase in attractiveness when seen in a group (i.e., the cheerleader effect),
whereas negative values indicate a decrease. This cheerleader effect measure was calculated in all
experiments reported in the current study.
Data Availability

All data reported in the current study are available in the Open Science Framework
repository, [https://osf.io/8sg62/?view_only=3e658c7391704afb9d9dbale2ba48723].
Results

A 2 x 2 repeated-measures ANOVA with group condition (control, distractor
manipulation) as a within-participants factor, and cheerleader effect task (identical-distractors,
self-distractors) as a between-participants factor, was used to investigate whether the variance
between the faces in the group influenced the size of the cheerleader effect. The main effect of

group condition was non-significant, F(1, 57) = 2.80, p = .100, 77; = .047, as was the main effect
of cheerleader effect task, F(1, 57) <.001, p = .983, 77;: < .001. Crucially, the interaction between
the group condition and cheerleader effect task was significant, F(1, 57) = 6.13, p = .0106, 1, =

097, (see Figure 6.2). Separate analyses were conducted for each cheerleader effect task to

investigate the nature of the significant interaction.
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Figure 6.2. The cheerleader effect in the control and distractor manipulation conditions, shown
separately for participants in each cheerleader effect task in Experiment 1. Error bars represent

the standard error of the mean (SEM).

Identical-Distractors Task

One sample ~tests were used to investigate whether the change to the attractiveness of
the target face seen in a group was statistically significant. Consistent with the cheerleader effect,
faces were perceived to be significantly more attractive in the control, #27) = 4.71, 95%CI[1.01,
2.56], p <.001, d = 0.89, and identical-distractors conditions, #27) = 3.18, 95%CI[0.28, 1.32], p =
004, 4 = 0.60. A paired-samples test was used to compare the size of the cheerleader effect
between the two group conditions. The cheerleader effect was significantly larger in the control
condition than in the identical-distractors condition, #27) = 2.59, 95%CI[0.20, 1.76], p = .015, 4
= 0.49.
Self-Distractors Task

One sample ~tests showed that faces were significantly more attractive in both the
control, #30) = 3.24, 95%CI|0.45, 1.96], p = .003, 4 = 0.58, and self-distractors conditions, #30)

= 3.21, 95%C1]0.51, 2.28], p = .003, 4 = 0.58. A paired-samples ~test indicated that the
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difference between the control and self-distractors conditions was non-significant, #30) = 0.65,
95%CI[-0.41, 0.79], p = .520, d = 0.12.
Discussion

Target faces were perceived to be significantly more attractive in the control condition in
both tasks, replicating the cheerleader effect (Carragher et al., 2018; Walker & Vul, 2014). The
increase in attractiveness was similar to the 1.5-2% increase observed by Carragher et al. (2018),
suggesting that the cheerleader effect is robust. As predicted, the cheerleader effect also occurred
in the self-distractors condition. Interestingly, the size of the effect did not differ significantly
between the control and the self-distractors conditions, suggesting that the faces in the self-
distractors group conditions contained a similar amount variability as the faces of different
identities in the control condition (Burton et al., 2005; Jenkins et al., 2011; Todorov & Porter,
2014). Notably, the cheerleader effect was significantly reduced in the identical-distractors
condition, which is consistent with the predictions of a hierarchical encoding mechanism. The
reduction to the cheerleader effect in the identical-distractors condition cannot be attributed to
the three faces in the group sharing the same identity, because that was also true of the self-
distractors condition. Instead, our findings suggest that the cheerleader effect was significantly
reduced in the identical-distractor condition because the group lacked the variance to create an
attractive ensemble average.

Unexpectedly, a small increase in attractiveness still occurred in the identical-distractors
condition, which is inconsistent with the predictions of a hierarchical encoding mechanism. This
finding raises the question of whether the observed pattern is consistent with the predictions of a
hierarchical encoding mechanism, or whether the cheerleader effect may, in fact, be due to
another underlying mechanism. In Experiment 2, we explicitly tested whether the magnitude of
the cheerleader effect is directly related to the characteristics of the average face of the group, as

predicted by hierarchical encoding.
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Experiment 2

In Experiment 1, we found mixed support for the notion that the cheerleader effect is
caused by hierarchical encoding. To investigate whether the cheerleader effect is related to the
characteristics of the ensemble average, we asked observers to make an attractiveness rating for
the digitally averaged face of each group image. These “group average faces” were used to
approximate the characteristics of the mentally summarised ensemble average for each group (de
Fockert & Wolfenstein, 2009; Neumann et al., 2013).

Digitally averaging the faces in the group is commonly used to investigate the ensemble
coding of identity (de Fockert & Wolfenstein, 2009; Neumann et al., 2013; Yamanashi Leib et al.,
2014). Observers show remarkable sensitivity in these tasks, such that they will incorrectly
“recognise” the set average as having been a member of the previous group, but not other
digitally averaged faces (KKramer et al., 2015; Neumann et al., 2013). This finding strongly
suggests that faces created by digitally averaging the individual faces in the group very closely
approximate the ensemble average that is mentally summarised by the observer.

The attractiveness ratings given to the group average faces were used to test two explicit
predictions derived from the hierarchical encoding mechanism (Walker & Vul, 2014). First, we
tested whether the average face of each group was perceived to be significantly more attractive
than the three individual faces used to create them (Langlois & Roggman, 1990; Rhodes et al.,
1999). Second, we tested whether the size of the cheerleader effect was related to the difference
in attractiveness between the target face and the average face of the group it was presented in.
Consistent with hierarchical encoding (Griffiths et al., 2018), we predicted that individual faces
that were much less attractive than the group average face would experience the largest increase
in attractiveness in a group, whereas any individual face that was more attractive than the group

average face would become less attractive in a group.
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Method
Participants

Thirty-one participants (25 females, M,, = 19.97, §D = 4.12) were recruited for
Experiment 2. All participants completed the task as instructed, and no cheerleader effect data
tell further than 35D from the condition mean. As such, no data were excluded from analysis.
Stimuli

Thirty female faces with neutral facial expressions were selected from the Karolinska
Directed Emotional Faces database (KDEF; Lundqvist et al., 1998). These 30 faces were
randomly sorted to create 10 group images. To maximise the number of possible trials with 10
group images, we collected a cheerleader effect measure for each face in the group. As such, each
group image was presented three times during the experiment, and a different face was identified
as the target each time (Walker & Vul, 2014). The faces in each group appeared in the same
location during repeated presentations of the same group image.

The average face for each of the 10 group images was created using Abrosoft FantaMorph
Deluxe 5.4.8 (Abrosoft, 2016). The three faces in each group were weighted equally in the
morphing procedure to create the average face for each group. The external features (e.g., hair,
neck) of the original and average face stimuli were occluded by a black mask that was placed
around each face, where evidence of digital averaging could potentially be noticed (see Figure
6.3). In total, the experiment consisted of 70 trials that were intermixed and randomised: 30
group trials, 30 alone trials, and 10 group average trials. The trial procedure was identical to

Experiment 1.
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Figure 6.3. Example stimulus configurations in Experiment 2 a) group trial b) alone trial ¢) group

average trial.

Analysis

To investigate whether hierarchical encoding causes the cheerleader effect, we created a
second change measure, called the ‘ensemzble effec?. The ensemble effect measure was calculated for
each target face, by subtracting the attractiveness rating given to the individual face when it was
seen alone (Figure 6.3b), from the attractiveness rating given to the average face of the group
that the individual face was presented in (Figure 6.3c). Ensemble effect, therefore, shows how
much more attractive the group average face was compared to each target face. We hypothesised
that hierarchical encoding would be demonstrated by a posizive correlation between ensemble
effect and the size of the cheerleader effect. This positive correlation would show that target
faces much less attractive than the group average (i.e., those with positive ensemble effect scores)
receive the largest cheerleader effect, whereas any face more attractive than the group average
(i.e., those with a negative ensemble effect) are perceived to be less attractive in a group.
Results
Group Average Faces

First, we examined whether the group average faces were perceived to be significantly
more attractive than the individual faces from which they were composed. A paired samples #
test showed that participants perceived the group average faces to be significantly more attractive
(M = 5253, §D = 13.54) than the original target faces (M = 35.96, SD = 11.49), A30) = 9.96,

95%CI[13.17,19.97], p < .001, d = 1.79. Further examination of the attractiveness ratings
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showed that the 10 group average faces were perceived to be more attractive than all 30 original
individual faces in the stimulus set (M = 16.57%, SD = 8.04; Range = 0.65%, 31.59%).
Moreover, a series of within participants paired-samples #tests were used to compare the
attractiveness ratings given to each individual target face with those given to the average face of
the group it appeared within. The group average faces were significantly more attractive than 26
of the 30 individual faces. These findings suggest that the mentally summarised ensemble average
is likely perceived to be more attractive than each individual face in the group, as required by the
hierarchical encoding mechanism.
Cheerleader Effect

A one sample #test showed that the target faces were perceived to be significantly more
attractive in a group compared to alone (M = 1.64, SD = 2.30), #30) = 3.97, 95%CI[0.79, 2.48], p
<.001, = .71, replicating the cheerleader effect.
Hierarchical Encoding

We tested whether hierarchical encoding contributes to the cheerleader effect by
investigating the relationship between the size of the cheerleader effect and the measure of
ensemble effect for each target face. In contrast to our predictions of a positive correlation
between the two measures, the relationship between ensemble effect and the cheerleader effect
was non-significant, 7(30) = .110, 95%CI[-0.261, 0.452], p = .564, indicating the size of the
cheerleader effect is not related to the attractiveness of the average face of the group (see Figure

6.4).



144

12%
9%
6% o

o
3% OO
o

o —

O

o
8 e
o o
0o ° 10% O2%% 3O°/Co) 40%
-3% o

Cheerleader Effect

0%

o

-6%
Ensemble Effect

Figure 6.4. The relationship between the size of the cheerleader effect and the ensemble effect
measure for each target face. Positive ensemble effect scores indicate that the group average was

more attractive than the individual target face.

Discussion

The average face of each group was perceived to be significantly more attractive than the
individual faces it was created from, replicating the findings of Langlois and Roggman (1990).
Furthermore, the average increase in attractiveness for an individual face in a group was
approximately 1.5-2%, replicating the size of the cheerleader effect in the two control conditions
of Experiment 1 (Carragher et al., 2018). However, our data also clearly show that the size of the
cheerleader effect for each target face was not related to the attractiveness of the average face of
the group. Despite showing that the average face of each group was more attractive than each
target face, and that the target faces were remembered to be more attractive in a group, our
results suggest that the two phenomena are unrelated. Taken together, the findings of
Experiments 1 and 2 do not support the proposition that the cheerleader effect is caused by
hierarchical encoding (Walker & Vul, 2014), and suggest that exploration of an alternative

mechanism is warranted. In considering the possible alternative causes of the cheerleader effect,
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we first sought to identify the boundaries of the effect. Consequently, we investigated whether
the cheerleader effect is specific to groups of faces, or whether it would also occur when a
human face was presented in a group of non-human stimuli.

Experiment 3

The primary aim of Experiment 3 was to test whether the cheerleader effect occurs for a
face shown in a group with non-human distractor images. To this end, images of houses were
presented in place of the distractor faces in the group (bouse-distractors condition). Houses were
selected to replace the distractor faces because they are an easily identifiable, non-human
stimulus that belong to a homogenous item category (Olson & Marshuetz, 2005). A significant
cheerleader effect in the house-distractors condition would not only demonstrate that
hierarchical encoding cannot cause the effect, because the ensemble representation of such a
group would not be a human face, but also that the cheerleader effect does not rely on a face
specific processing mechanism. On the other hand, a non-significant cheerleader effect in the
house-distractors condition would suggest that the cheerleader effect relies on a mechanism that
is specific to the processing of faces.

We also investigated whether the cheerleader effect itself is specific to human faces. To
this end, participants also made attractiveness judgments about target houses, which were
presented once in a group with two distractor bouses, and once alone. Curiously, previous
investigations have suggested that food products (Cooremans & Geuens, 2015) and oranges
(Harp, Haberman, & Whitney, 2009) are perceived to be more attractive when they are seen
within a group of similar items compared to alone. Therefore, we predicted that the cheerleader
effect would also occur for images of houses. A significant cheerleader effect for target houses
would provide further evidence that the cheerleader effect does not rely on a face specific

processing mechanism.
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Method
Participants

Twenty-nine participants (25 females, M, = 22.52, §D = 9.28) were recruited for
Experiment 3. All data were within 35D of the condition mean and all participants completed
the task as instructed. As such, no data were excluded from analysis.

Stimuli

A new stimulus set consisting of images of houses was collected from various real-estate
websites. All houses included in the stimulus set were two-story, featured windows on the top
level of the house, and were free of other notable stimuli (e.g., people, cars). From this stimulus
set, 60 target houses were randomly selected to be presented twice: once in a group with two
unique distractor houses (house-target condition), and once alone (alone house trial; see Figure
6.5). The procedure for responding to house targets was identical to that for faces.

From the stimulus set of Carragher et al. (2018), 60 target faces were randomly selected
to be presented 3 times: once in a control group, once in a group where the distractor images
were houses (bouse-distractors condition), and once alone. To discourage participants from fixating
the only human face in a house-distractors group, 60 additional filler trials were included in the
experiment, wherein a house was identified as the target in a group that contained a single
human face and two houses (see Figure 6.5¢). These filler trials were not of theoretical
importance and were discarded prior to analysis. Both target face and target house trials were
randomised and intermixed throughout the experiment, which consisted of 360 trials: 60 control
trials (6.5a), 60 house-distractors trials (6.5b), 60 filler trials (6.5¢), 60 alone face trials (6.5d), 60

house-target trials (6.5¢) and 60 alone house trials (6.5f).
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Figure 6.5. Stimulus configurations in Experiment 3 a) control trial b) house-distractors trial c)

filler trial [target right] d) alone face trial €) house-target trial f) alone house trial.

Results

One sample ~tests showed that faces were significantly more attractive in the control,
#28) = 3.27, 95%C1]0.55, 2.40], p = .003, d = 0.61, and house-distractors conditions, A28) =
2.42, 95%CI0.12, 1.39], p = .022, d = 0.45 (see Figure 6.6). A paired-samples #test showed that
the cheerleader effect was significantly larger in the control condition than the house-distractors
condition, A28) = 2.14, 95%CI[0.03, 1.42], p = .041, 4 = 0.40. Remarkably, a one sample ~test
also showed that houses were also significantly more attractive when shown in a group of

houses, compared to alone, A28) = 2.81, 95%CI|0.32, 2.02], p = .009, 4 = 0.52.
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Figure 6.6. The cheerleader effect in the control, house-distractors, and house-target conditions

[square] in Experiment 3. Error bars represent the within-participants SEM (Cousineau, 2005).

Discussion

The cheerleader effect occurred in the control condition, replicating the results of
Experiments 1 and 2. Interestingly, the cheerleader effect was significantly reduced, but still
statistically significant, when target faces were shown in the house-distractors condition. The
results of the present study are conceptually similar to those of Experiment 1, wherein the
cheerleader effect was significantly reduced, but not eliminated, when target faces were presented
in the identical-distractors condition. Notably, neither the house-distractors or identical-distractors
groups could be summarised to create an attractive ensemble average, suggesting that the
cheerleader effect is unrelated to the average characteristics of the group.

Remarkably, target houses were also perceived to be significantly more attractive when
shown in a group of houses compared to when they were seen alone. This finding is consistent
with previous studies that have found food products (Cooremans & Geuens, 2015) and oranges
(Harp et al., 2009) to be more attractive in a group compared to alone. Taken together, our
findings not only demonstrate that the cheerleader effect is not caused by a face specific

processing mechanism, but that the cheerleader effect occurs for non-human items.
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Experiment 4

The cheerleader effect was significantly reduced, but not eliminated, when a face was
presented with two houses. When combined with the results from Experiments 1 and 2, which
show that the effect does not appear to be caused by hierarchical encoding, our findings strongly
suggest that another mechanism underlies the cheerleader effect. One possibility might be that
an individual is perceived to be more attractive when shown with houses, because houses are
socially desirable stimuli that are associated with significant monetary value and social status.
Both males and females who possess luxurious or valuable items are treated favourably in social
interactions (Nelissen & Meijers, 2011), and are perceived to have favourable personal attributes
(Hennighausen, Hudders, Lange, & Fink, 2016). Perhaps an individual is rated to be more
attractive when presented with two houses, because the houses signal that the individual is
successful or wealthy, and observers infer that they have positive personal attributes. To test
whether the cheerleader effect is related to the desirability of the items in the group, we
investigated whether a face would be perceived to be more attractive in a group that consisted of
socially neutral images. Target faces were presented once in a control group, once in a group
with two house-distractors (soczally desirable), and once in a group with two chair-distractors
(socially neutral).

We predicted a replication of Experiment 3, whereby the cheerleader effect would be
significantly larger in the control condition than in the house-distractors condition. We also
predicted that the cheerleader effect would be significantly larger in the control condition than in
the chair-distractors condition. If the cheerleader effect occurs when the target face is presented
with house-distractors (replicating Experiment 3), but not with chair-distractors, our results
would be consistent with the suggestion that the cheerleader effect is related to the desirability of
the group that the individual is seen within. However, a significant cheerleader effect in the

chair-distractors condition would be inconsistent with this notion.
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Method
Participants

Thirty-one participants (25 females, M, = 21.68, §D = 5.55) were recruited for
Experiment 4. Participants with a cheerleader effect further than 35D from the condition mean
(n = 1) were excluded from analysis. The final sample consisted of 30 participants.

Stimuli

A new stimulus set consisting of images of chairs was collected from the websites of
online furniture retailers. All chair images featured a single chair that was the focal point of the
image, and were free of other notable or desirable stimuli (e.g., people, computers). We selected
chairs as a suitable non-desirable stimulus category because, like houses, chairs are easily
identifiable and belong to a discrete item class. Most importantly, being seen with a chair does
not typically signal that somebody has desirable attributes, such as being friendly or likable (i.e.,
faces), or signal wealth or status (i.e., houses).

From the stimulus set of Carragher et al. (2018), 36 target faces were randomly selected
to be presented 4 times throughout the experiment; once in a control group, once in a group
with two house-distractors (socially desirable), once in a group with two chair-distractors
(socially neutral), and once alone (see Figure 6.7). As in Experiment 3, dummy group trials were
included for house-distractors (# = 9) and chair-distractors (z = 9) trials. Dummy targets were
also presented once alone, to give them the appearance of critical trials. All dummy trials were
discarded prior to analysis. All trial conditions were intermixed and randomised. In total, each
participant completed 180 trials: 36 control trials (6.7a), 36 house-distractors trials (6.7b), 36

chair-distractors trials (6.7¢), 36 alone trials (6.7¢), and 36 dummy trials (6.7d).
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Figure 6.7. Example stimulus configurations Experiment 4 a) control trial b) house-distractors

trial ¢) chair-distractors trial d) filler trial ) alone trial.

Results

One sample ~tests showed that target faces were significantly more attractive in the
control condition, A29) = 4.27, 95%CI[0.76, 2.14], p < .001, 4 = 0.78, but not in the house-
distractors, #29) = 1.18, 95%CI[-0.34, 1.28], p = .2406, d = 0.22, or chair-distractors conditions,

£(29) = 0.72, 95%CI[-1.15,0.55], p = 477, d = 0.13 (see Figure 6.8).
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Figure 6.8. The cheetleader effect for each distractor condition in Experiment 4. Error bars

represent the within-participants SEM (Cousineau, 2005).

A repeated-measures ANOVA with distractor condition (control, house-distractors,
chair-distractors) as a within-participants factor was used to investigate whether the cheerleader
effect was modulated by distractor condition. The main effect of distractor condition was

significant, F(2, 58) = 9.31, p < .001, 77]2) = .243. Planned comparisons using paired samples #tests

showed that the cheerleader effect was significantly larger in the control condition than in the
house-distractors condition, A29) = 2.17, 95%CI[0.05, 1.91], p = .039, d = 0.40, and the chair-
distractors condition, #29) = 5.51, 95%CI[1.10, 2.40], p < .001 , 4 = 1.01. The change in
attractiveness was not significantly different between the house-distractors and chair-distractors
conditions, A29) = 1.76, 95%CI[-0.12, 1.66], p = .088, d = 0.32.
Comparison with Experiment 3

Unlike Experiment 3, the cheerleader effect did not occur for target faces in the house-
distractors condition. To clarify whether a significant increase in attractiveness occurs when the
distractor images in the group are houses, we compared the data from the control and house-

distractors conditions in Experiments 3 and 4.



153

A 2 x 2 repeated-measures ANOVA with distractor condition (control, house-
distractors) as a within-participants factor and Experiment (3, 4) as a between-participants factor
was used to investigate whether the size of the cheerleader effect differed between the control

and house-distractor conditions. Crucially, the main effect of distractor condition was significant,

F(1, 57) = 8.99, p = .004, /7; = .136. The main effect of Experiment was non-significant, F(1, 57)
=.118,p=.733, 77; = .002, as was the interaction between the two factors, F(1, 57) = .203, p =
.654, 77; =.004. As the ANOVA showed that the data did not differ between experiments, we

collapsed the data from each experiment into single control and houses-distractors measures.

One samples ~tests showed that faces were significantly more attractive in the control
condition, #A58) = 5.25, 95%CI[0.90, 2.02], p < .001, 4 = 0.68, and in the house-distractors
condition, A58) = 2.42, 95%CI[0.11, 1.11], p = .019, d = 0.32. Finally, a paired samples #test
showed that the increase in attractiveness was significantly larger in the control condition (M =
1.46, §D = 2.14) compared to the house-distractor condition (M = 0.61, §D = 1.93), #58) =
3.03, 95%CI]0.29, 1.42], p = .004, d = 0.39. These results are consistent with those reported in
Experiment 3, and suggest that a significant increase in attractiveness does occur when a single
face is presented with two houses, but that the increase is significantly smaller than the typical
cheerleader effect.
Discussion

Interestingly, our findings were consistent with a cheerleader effect that is modulated by
the relative social value of the distractor images in the group. The cheerleader effect was largest
when the target face was surrounded by other faces, reduced for houses, and was eliminated
when the distractor images were chairs. These results suggest that social desirability is a plausible
alternative mechanism to hierarchical encoding (Walker & Vul, 2014). The basis of the social
desirability mechanism and its application to the cheerleader effect are explored in greater detail

in the general discussion.
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While the results of the current experiment are consistent with the newly proposed social
desirability mechanism, we conducted one final experiment to investigate whether presentation
time, which is also known to influence the attractiveness of faces (Rashidi, Pazhoohi, &
Hosseinchari, 2012), influences the size of the cheerleader effect. Specifically, we investigated
whether a discrepancy between the time that the target face is presented for in the group and
alone trials might contribute to the size of the cheerleader effect.

Experiment 5

Each experiment in the present study has used the same stimulus presentation timing,
which was first introduced by Walker and Vul (Experiment 4; 2014). During group image
presentations, the group is initially presented without the target face identified for 2000 ms (un-
cued), before the target face is cued for an additional 1000 ms. If we assume that the observer
disperses their gaze equally across the 3 faces in the group during the un-cued presentation time,
and then exclusively fixates the target face once cued, the target face can be viewed for
approximately 1667 ms during a group trial. Yet during alone trials, the target is presented for
2000 ms. Increased presentation time has previously been shown to decrease the liking of faces
(Gerger, Forster, & Leder, 2017). Crucially, the same face is also perceived to be less attractive
after being seen for 1000 ms compared to 20 ms (Saegusa & Watanabe, 2016; Willis & Todorov,
2000), or having been viewed for 5000 ms compared to 200 ms (Rashidi et al., 2012). Together,
these findings raise the possibility that within the cheerleader effect paradigm, faces might be
perceived to be more attractive in the group condition than alone, simply because they are seen
for less time. To investigate this possibility, we manipulated the amount of time that the target
was presented for in the group condition.

In their original investigation of the cheerleader effect, Walker and Vul (2014) also
investigated whether a difference in presentation time might contribute to the effect. Reducing
the presentation time of the alone condition to match that of the group condition did not

influence the size of the cheerleader effect (Walker & Vul, 2014). However, each group image
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was presented three times, so that a cheerleader effect measure could be collected for each face
in the group. Walker and Vul’s (2014) presentation time manipulation was not adjusted to
account for the repeated presentations of each group image (Walker & Vul, 2014). It is possible
that observers might alter their gaze pattern across a group image that has already been seen, to
avoid fixating a face that has already been identified as a target. Consequently, the amount of
time an observer spent examining any one target face in the group might have been influenced
by the number of times that the same group image had previously been presented. The current
study overcomes this potential limitation as each group image was only presented once, meaning
that observers do not have an incentive to distribute their gaze unevenly across the faces in the
group.

In addition to addressing the existing presentation time discrepancy between the group
and alone conditions, the current experiment was also designed to investigate whether any
manipulation to the presentation time of the group image would modulate the size of the
cheerleader effect. In a between-participants design, observers could experience moderate or
extreme changes to the un-cued presentation duration of the group image. For participants in the
moderate task, the un-cued presentation time of the group images was manipulated to be 1000 ms
(short condition), 2000 ms (control condition), or 3000 ms (long condition). Crucially, in the
long presentation time condition, if the observer gazed equally across the three faces in the
group during the un-cued presentation time (3000 ms), and then exclusively fixated the target
face once cued (1000 ms), the target face could be examined for the same amount of time as in
the alone condition (2000 ms). Therefore, a significant reduction in the size of the cheerleader
effect in the long condition compared to control, would indicate that the discrepancy between
the presentation time of the group image and the alone image contributes to the cheerleader
effect.

A second sample of participants experienced ex#reze manipulations to the un-cued group

presentation duration, to explore whether the cheerleader effect is limited by any temporal
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constraints. For these participants, the un-cued presentation time of the group images was
further decreased to 300 ms (extremely-short condition), and increased to 7000 ms (extremely-
long condition). We selected 300 ms for the un-cued presentation time in the extremely-short
condition to allow participants the opportunity for saccadic eye movements across the group
image, so that each face could be briefly examined (Crouzet et al., 2010; Rayner, 1998). We
selected 7000 ms as the presentation time of the extremely-long condition because the observer
could potentially gaze at the target face for 3334 ms, which is twice the amount of time available
in the control condition. Consistent with previous findings (Rashidi et al., 2012; Saegusa &
Watanabe, 2016), we expected attractiveness ratings would decrease as observers were given
more time to examine the faces in the group. If presentation time influences the cheerleader
effect, the largest effect should occur for the shortest presentations and decrease as the
presentation duration of the group image increases.
Method
Participants

Sixty-six participants (54 females, M, = 22.71, §D = 6.77) were randomly allocated to
either the moderate or extreme presentation time tasks. Participants with a cheerleader effect score
further than 35D from the condition mean (7 = 1) were excluded from analysis. Additionally,
participants with incomplete data due to technical failure were excluded from analysis (z = 1).
The final sample consisted of 64 participants, evenly divided between the woderate (27 females,
M, = 23.78, §D = 8.78) and extreme (26 females, M, = 21.78, SD = 4.06) presentation time
tasks.
Stimuli

From the stimulus set of Carragher et al. (2018), 99 faces were randomly selected as
targets for both presentation time tasks. Each target face was presented twice; once in a group
and once alone. Observers saw each target face in one presentation time condition only;

however, target images were balanced between-participants, such that each target face was rated
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in all presentation time conditions. The experiment was blocked according to presentation time
condition, and the alone and group trials for each target image were presented within the same
experimental block. Each presentation time block contained 66 trials: 33 group trials and 33
alone trials. In total, each participant completed 198 trials: 99 group trials [33 (extremely-)short
condition, 33 control condition, 33 (extremely-)long condition], and 99 alone trials.
Procedure

Except for the manipulation to the un-cued presentation time of the group, the trial
procedure was identical to previous experiments. Regardless of the un-cued presentation
duration of the group image, each target face was cued for an additional 1000 ms (as in
Experiments 1-4). As always, the target was presented for 2000 ms in the alone condition.
Results

One sample ~tests showed that faces were significantly more attractive in each woderate
presentation time condition: short, #31) = 3.50, 95%CI1[0.72, 2.73], p = .001, d = 0.62, control,
#31) = 3.74, 95%CI]0.87, 2.95], p = .001, d = 0.606, and long, #31) = 3.13, 95%CI]0.43, 2.05], p =
004, d = 0.55 (see Figure 6.9). One planned paired samples #test was used to investigate whether
the cheerleader effect was significantly larger in the control condition compared to the long
condition. The difference between the cheerleader effects in the control and long presentation
time conditions was not significant, #31) = 1.17, 95%CI[-0.50, 1.82], p = .252, d = 0.21.

One sample ~tests also showed that faces were significantly more attractive in each
extreme presentation time condition: extremely-short, #31) = 2.16, 95%CI|0.08, 2.58], p = .038, d
= 0.38, control, #31) = 3.77, 95%CI|0.76, 2.54], p < .001, d = 0.67, and extremely-long, A31) =

3.08, 95%CI[0.41, 2.01], p = .004, 4= 0.54.
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Figure 6.9. The cheerleader effect for each presentation time condition in Experiment 5. Error

bars represent the SEM.

A mixed-measures ANOVA with presentation time (short, control, long) as a within-
participants factor, and task manipulation (moderate, extreme) as a between-participants factor,
was used to investigate whether the duration of the un-cued group presentation influenced the
size of the cheerleader effect. The main effect of presentation time was non-significant, F(2, 124)

=.948, p = .390, 77]2) = .015, as was the main effect of task manipulation, F(1, 62) = .217, p =
.643, 77;: = .003. The interaction between the two factors was similarly non-significant, F(2, 124)
=.107, p = .899, /7; =.002. Our findings strongly suggest that the duration of un-cued

presentation time does not modulate the size of the cheerleader effect.
Discussion

The cheerleader effect was observed in each presentation time condition, regardless of
the duration of the un-cued presentation time. Crucially, the non-significant difference between
the cheerleader effects in the long and control presentation time conditions demonstrates that

the existing discrepancy between the presentation time of the target in the group and alone
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conditions does not meaningfully contribute to the cheerleader effect. Furthermore, we found
that the cheerleader effect occurred both when the group was presented un-cued for an
extremely brief time (300 ms), and when the available viewing time of the target far outweighed
that in the alone presentation time condition (7000 ms). Taken together, our results suggest that
presentation time has very little influence on the size of the cheerleader effect.

Cheerleader Effect Meta-Analysis

Each experiment in the current study contained an identical control condition. As such,
we performed a meta-analysis to compare the size of the cheerleader effect across experiments,
with the aim of identifying the size of the #pica/ cheerleader effect for future research. The
control condition was formally defined to be: a group image consisting of a human target face
and the faces of two unique identities as distractor images, presented initially with an un-cued
duration of 2000 ms, and a target cue duration of 1000 ms. As Experiments 1 and 5 used
between-participants designs [1a) identical-distractors, 1b) self-distractors, 5a) moderate
presentation time, 5b) extreme presentation time], there were seven unique control data sets
available for analysis.

In addition to investigating the size of the typical cheerleader effect, we also performed
an exploratory analysis to investigate whether the sex of the participant influenced the size of the
cheerleader effect. To date, there has been no investigation of the influence of participant sex on
the size of the cheerleader effect (Carragher et al., 2018; Walker & Vul, 2014). Because we did
not recruit our participant samples to balance sex, only the meta-analysis contained enough male
participants to conduct a reliable analysis. Across five experiments, control condition cheerleader
effect measures were available for 213 unique participants (170 females, M, = 22.45, §D = 7.85).

A factorial ANOVA with Experiment (1a, 1b, 2, 3, 4, 5a, 5b) and participant sex (female,
male) as between-participants factors, was used to investigate whether the size of the cheerleader

effect differed across experiments or participant sex. The main effect of Experiment was non-

significant, F(6, 199) = .338, p = .916, 77; = .010, (see Figure 6.10). Similarly, the main effect of
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participant sex was also not significant, F(1, 199) = .248, p = .619, 77;: = .001. The cheetleader

effect occurred among both female, (M = 1.63, §D = 2.32), (169) = 9.19, 95%CI[1.28, 1.99], p <
001, 4= 0.71, and male observers, (M = 1.40, §D = 2.22), (42) = 4.14, 95%CI|0.72, 2.08], p <
001, 4 = 0.63. Finally, the interaction between Experiment and participant sex was also non-
significant, F(6, 199) = .521, p = .792, 77;: = .015. As such, all data were collapsed into a single
cheerleader effect measure.

A one sample #test was used to identify the typical effect size for the cheerleader effect.
Across all experiments, the same face was perceived to be approximately 1.6% more attractive in
a group compared to alone (M = 1.59, §D = 2.30, Range = -3.61, 10.04), A212) = 10.09,

95%CI[1.28, 1.90], p < .001, d = 0.69.
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Figure 6.10. The cheerleader effect in the control condition of each experiment. The square [far

right| shows the average size cheerleader effect. Error bars show SEM.
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General Discussion

Our meta-analysis provides the first estimate of the typical increase to the attractiveness
of an individual when seen within a group, which is approximately 1.6%. The increase in
attractiveness identified in the meta-analysis is very similar to the 1.5-2% increase reported by
Carragher et al. (2018), suggesting that the cheerleader effect is remarkably consistent. We have
also shown, for the first time, that the cheerleader effect occurs consistently for male and female
observers. We anticipate that the results of our meta-analysis will be useful for future research,
both to establish whether the cheerleader effect has been observed, and to identify whether
manipulations are successful in modulating the size of the cheerleader effect.

Previous investigations of the cheerleader effect have proposed that an individual is
perceived to be more attractive in a group because of hierarchical encoding, whereby the
individual is recalled as being more alike a highly attractive ensemble average (Walker & Vul,
2014). Consistent with hierarchical encoding, we found that the cheerleader effect was
significantly larger for group conditions that could be summarised to create an ensemble average
with facial characteristics more average than the component faces, compared to group
conditions that could not (e.g., identical-distractors, house-distractors). In this respect, our results
provide partial support for the role of a hierarchical encoding mechanism in the cheerleader
effect (Walker & Vul, 2014). However, we also found that the size of the cheerleader effect for
each target face was not related to the attractiveness ratings given to the average face of the
group. A hierarchical encoding mechanism also cannot explain why the cheerleader effect was
only reduced, but not eliminated, in group conditions where the summary representation of the
group should not be highly attractive, or even a human face. Thus, our results suggest that we
must reconsider the role of hierarchical encoding in the cheerleader effect and explore alternative
explanations. Interestingly, Luo and Zhou (2018) also suggested that hierarchical encoding might

not underlie the cheerleader effect, after showing in an ensemble coding task that observers
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extracted an ensemble average that was actually slightly /ess attractive than true average of the
group.

Having demonstrated that hierarchical encoding is not necessary for the cheerleader
effect to occur, we turned our attention toward identifying other possible causes of the effect.
Our findings provide support for the idea that the cheerleader effect is modulated by the social
value of the images in the group. The proposed social desirability mechanism is supported by an
evolutionary phenomenon called “mate choice copying”, which occurs when an individual
increases their preference for a potential mate upon learning that the potential mate is desired by
others (Gouda-Vossos et al., 2018; Little et al., 2011c). By preferring potential mates who have
already been endorsed by others (i.e., their current partners), mate choice copying is a strategy
that is used to maximise the chances of choosing a high quality mate who has desirable qualities
(Gouda-Vossos et al., 2018; Little et al., 2011c). While mate choice copying behaviours are
displayed by both male and female observers (Little et al., 2008; Place et al., 2010), the
phenomenon has primarily been investigated among females, who place greater value on traits in
male partners that are not clearly shown in the face (e.g., education, good financial prospects;
Buss & Barnes, 1986). Mate choice copying is displayed when female observers rate male faces to
be more attractive when they are seen with a female partner compared to alone (Gouda-Vossos
et al.,, 2018), or when seen with an attractive, compared to an unattractive, female partner (Little
et al., 2008; Little et al., 2011a).

While mate choice copying has previously been shown to occur in specific circumstances
related to opposite-sex mate selection (Gouda-Vossos et al., 2018; Little et al., 2011a), our meta-
analysis demonstrated that both male and female observers perceived a female target face to be
more attractive in a group of female faces than alone. Although uncommon in the mate choice
copying literature (Gouda-Vossos et al., 2018), males and female observers provide similar
attractiveness ratings when faces of either sex are seen in isolation (Langlois et al., 2000),

suggesting that similarities between the sexes should not be unexpected when evaluating faces in
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social groups. The similar outcomes of mate choice copying and the cheerleader effect (i.e., an
increase in attractiveness in a group) raises the possibility that the two effects are caused by
similar mechanisms.

Rodeheffer et al. (2016) showed that female observers engaged in mate choice copying
because they attributed more desirable qualities (e.g., trustworthy, caring) to the same male when
he was seen with a female partner compared to alone. Males are also attributed more favourable
personality characteristics when they are seen with attractive, compared to unattractive, females
(Bar-Tal & Saxe, 1976; Sigall & Landy, 1973; Winegard, Winegard, Reynolds, Geary, &
Baumeister, 2017). Together, these findings have been used to suggest that mate choice copying
occurs because the value of the potential mate’s current partner, is used to infer the likely
personal qualities of the potential mate (Rodeheffer et al., 2016). When applied to the current
investigation, observers might infer that an individual who is seen within a social group has been
accepted into the group by the other members. Therefore, being seen in a group might suggest
that the individual possesses desirable characteristics, such as being friendly or likable, which, in
turn, could make them appear to be more attractive (Rodeheffer et al., 2016).

A social desirability mechanism, whereby individuals are attributed favourable
characteristics based on the value of the other images in the group, can also explain why
individuals were rated to be more attractive when shown with houses, but not chairs. In addition
to attributing favourable characteristics to individuals based on the characteristics of their current
mate (Hennighausen et al., 2016; Rodeheffer et al., 2016), favourable characteristics, such as
attractiveness, are also attributed to both males and females who own material possessions that
signal wealth or social status (Hennighausen et al., 2016; Hudders, De Backer, Fisher, & Vyncke,
2014; Nelissen & Meijers, 2011). Notably, this effect is much larger for male than female faces
(Wang et al., 2018), as males, but not females, are perceived to be more attractive when shown
inside luxury apartments (Dunn & Hill, 2014), sitting in luxury cars (Dunn & Searle, 2010), or

wearing luxury clothes (Townsend & Levy, 1990). Perhaps an individual is perceived to be more
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attractive when presented with two houses, because the observer infers that they own the
houses, which signals the high social status of the individual (Dunn & Hill, 2014). On the other
hand, the attractiveness of an individual was unchanged when seen with chairs, perhaps because
chairs are unlikely to signal social status.

Of course, the newly proposed social desirability should initially be considered with
caution. We did not measure the perceived desirability of friends, houses, and chairs, nor did we
investigate the personal characteristics that they are perceived to signal about an individual.
While future research is needed to test this social desirability mechanism directly, such a
mechanism can account for a larger proportion of the current results than the previously
suggested hierarchical encoding mechanism (Walker & Vul, 2014). The results of the current
study suggest that social desirability offers a viable alternative explanation for the cheerleader
effect.

There are, however, results in the current study that are potentially inconsistent with the
newly proposed social desirability mechanism. It is not clear why an effect of social desirability
would cause the cheerleader effect to be reduced when the group consists of identical images of
the same person, but not different images of the same person (although one possibility might be
that observers did not realise that these different images were of the same person, e.g., Jenkins et
al., 2011). Furthermore, social desirability also cannot convincingly explain why a house is
perceived to be more attractive when seen in a group of other houses. Although the simplest
explanation for the cheerleader effect is one that relies on a single mechanism, neither
hierarchical encoding nor social desirability appear to adequately explain the cheerleader effect
alone. Therefore, the possibility that two (or more) separate mechanisms contribute to the
cheerleader effect must also be considered.

Although our results are inconsistent with a cheerleader effect that is caused by a single
hierarchical encoding mechanism, it should be considered that ensemble coding, the prerequisite

process for hierarchical encoding, occurs automatically upon viewing groups of faces (Fischer &
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Whitney, 2011; Haberman & Whitney, 2011). Therefore, it is likely that the individual faces
within each group are summarised to create an ensemble representation, which could influence
the observer’s memory for the target face (Brady & Alvarez, 2011; Griffiths et al., 2018). One
possibility that cannot be discounted, is that our results might be consistent with a two-
mechanism account of the cheerleader effect; wherein hierarchical encoding is one mechanism,
which is accompanied by a second mechanism that also increases the attractiveness of images
seen in groups. In support of this proposition, our results show that the size of the cheerleader
effect fluctuates when hierarchical encoding is possible. An increase in attractiveness of
approximately 1.6% is observed in group conditions that can be summarised to create an
attractive ensemble average (i.e., control and self-distractors conditions), whereas a significantly
smaller, but still statistically significant, increase in attractiveness of 0.6-0.8% is observed in
group conditions that should not be subject to hierarchical encoding (i.e., identical-distractors
and house-distractors conditions). If we assume that two underlying mechanisms exist, these
results suggest that approximately only half of increase in attractiveness caused by the
cheerleader effect can be attributed to hierarchical encoding. Notably, since an increase in
attractiveness was found for faces in groups of non-human stimuli, this second mechanism
would not necessarily be specific to the processing of faces. Although speculative, future
research might consider whether the cheerleader effect is caused by two separate mechanisms.
While investigating the possible causes of the cheerleader effect, we examined whether
the longer presentation of the target in the alone condition relative to the group condition
contributed to the magnitude of the cheerleader effect. Allowing observers more time to
examine the target face in the group image did not influence the size of the cheerleader effect,
suggesting that presentation time is not likely contributing to the size of the effect in the control
condition. Rather, our results are consistent with Walker and Vul (2014), who also reported that
the cheerleader effect was not influenced by matching the presentation time of the group and

alone trials. Interestingly, we found that the cheerleader effect persisted when the presentation
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time of the group images was substantially increased, beyond the viewing time available in the
alone condition. These findings are inconsistent with the notion that increasing presentation
duration decreases the perceived attractiveness of faces (Rashidi et al., 2012; Saegusa &
Watanabe, 2016). Instead, our results raise the interesting possibility that the cheerleader effect
might persist regardless of how long a group is viewed.

The evaluations made during first impressions are long lasting (Chang et al., 2010), and
can influence social decision-making (Carragher et al., 2017; Rezlescu et al., 2012). Attractive
individuals are often treated favourably (Dion et al., 1972), such that they are perceived to be
intelligent (Eagly et al., 1991), are more likely to be trusted (Wilson & Eckel, 20006), and have
more dating experience than unattractive individuals (Langlois et al., 2000). It is imperative that
future research investigates the many social implications that may arise from the cheerleader
effect. If an individual is perceived to be more attractive when they are seen in a group due to
the cheerleader effect, are they also attributed the positive stereotypes that are associated with
attractiveness? If the cheerleader effect does result in consistently positive stereotypes for an
individual seen in a group, then it might be advantageous for individuals to present themselves in
groups more often. For instance, an individual could select group photographs for their social
media profiles, to increase their perceived attractiveness, which in turn, might increase the
success of their online dating (Langlois et al., 2000) or professional profiles (Eagly et al., 1991).

The cheerleader effect is a robust visual phenomenon that consistently results in an
individual being rated to be approximately 1.6% more attractive when seen in a group compared
to when seen alone. This effect is not gender specific, with both male and female observers
demonstrating the cheerleader effect to the same degree. Furthermore, the cheerleader effect is
not likely caused by a face specific processing mechanism, as it also occurs during the evaluation
of non-human items. We have shown that the cheerleader effect is not consistent with a single
hierarchical encoding mechanism. Rather, our results suggest that the cheerleader effect might be

related to the positive characteristics that can be attributed to an individual when they appear to
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be endorsed by others or are associated with items that signal social status. The robust nature of
the cheerleader effect suggests that social context is an important factor to consider in the study
of facial attractiveness, which raises the possibility that other trait impressions might also be

influenced by social context.
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Chapter 7: General Discussion

7.1 Summary

This thesis has advanced our understanding of the influence that social context has on
judgments of attractiveness and trustworthiness; a line of research that has long been overlooked
in the field of social perception. Chapter 3, however, reflects the original line of inquiry that this
thesis was intended to follow, which was to investigate whether asymmetries in emotional
expressions would result in the left cheek being perceived as more trustworthy than the right
cheek (Zaidel et al., 2003). Contrary to the predictions, the cheek shown most prominently by
each model did not influence the amount of money that they received in an economic game,
suggesting that trustworthiness is not lateralised in the face. There was, however, a robust female
trustworthiness premium, whereby all participants sent female models approximately 20% more
money than the male models. The clear absence of a trustworthiness asymmetry using this
experimental approach led me to reconsider the viability of this original project. Ultimately, I
redirected my attention toward the cheerleader effect.

Despite the widespread popularity of the effect in popular culture (Rashid & Fryman,
2008), the cheerleader effect had not been replicated since Walker and Vul’s (2014) original
study. In Chapter 4, I investigated whether the cheerleader effect could be replicated, and
explored whether the effect was modulated by known visual asymmetries. Most importantly, this
study not only replicated the basic cheerleader effect, but found it to be remarkably consistent.
Individual faces were rated to be significantly more attractive in a group, regardless of whether
the target or distractor faces were presented in the left or right visual fields. The absence of a
visual field asymmetry in the cheerleader effect was inconsistent with the prediction that
observers would over-attend to the left visual field due to the effect of pseudoneglect (Bowers &

Heilman, 1980; Guo et al., 2009; McGeorge et al., 2007). It is consistent, however, with the
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hypothesised function of ensemble coding, which is to rapidly extract summary statistics from
large visual scenes (Alvarez, 2011; Alvarez & Oliva, 2008; Whitney & Yamanashi Leib, 2018).

In Chapter 5, I investigated whether faces also become more trustworthy when seen in a
group. These experiments showed that social context had a dissociable influence on judgments
of attractiveness and trustworthiness. Regardless of their attractiveness when seen alone, nearly
all faces became more attractive when they were in a group. On the other hand, only extremely
untrustworthy faces became more trustworthy in a group, whereas many highly trustworthy faces
were perceived to be less so. These results suggest that the systematic increase in attractiveness
that is typical of the cheerleader effect, might be a pattern that is specific to attractiveness
judgments only. The final experiment of Chapter 5 showed that the size and direction of the
cheerleader effect that each target face experienced was not related to the attractiveness of the
digitally averaged face of the group that it appeared within. These findings were inconsistent with
the predictions derived from a hierarchical encoding mechanism (Walker & Vul, 2014), which led
me to directly investigate the underlying cause of the cheerleader effect in Chapter 6.

In Chapter 6, I conducted a series of experiments to investigate whether the cheerleader
effect is caused by hierarchical encoding, as initially proposed by Walker and Vul (2014). These
experiments showed that cheerleader effect was largest when a human face was shown alongside
the faces of two different individuals, reduced when a face was shown in a group with images of
houses or identical photographs of the target, and non-existent when the group consisted of
images of chairs. Because hierarchical encoding can only cause an increase in attractiveness when
the images in the group can be summarised to create an average face, these results demonstrate
that a single hierarchical encoding mechanism cannot account for the cheerleader effect. Instead,
I proposed an alternative explanation for the cheerleader effect, wherein favourable personal
characteristics, such as attractiveness, are attributed to an individual based on the perceived value
or desirability of the other images in the group. Finally, a combined analysis of the seven unique

control conditions reported in Chapter 6 provided the first estimate of the typical size of the
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cheerleader effect, which is an increase in attractiveness of approximately 1.6% for an individual
seen in a group (4 = 0.69).

In the following discussion, I will briefly reiterate the shortcomings of Walker and Vul’s
(2014) hierarchical encoding mechanism, and discuss several alternative explanations for the
cheerleader effect that are also inconsistent with these data. I will expand upon the discussion in
Chapter 6 to consider whether the cheerleader effect is an extension of mate choice copying, and
discuss whether the effect could be caused by the newly proposed social desirability mechanism.
I'will then further explore whether the cheerleader effect might be caused by two separate
mechanisms, and identify two additional factors embedded within the cheerleader effect
paradigm that could be contributing to the increase in attractiveness for faces in a group. I also
describe how a conventional hierarchical encoding paradigm could be used to clarify whether
hierarchical encoding has any role in the cheerleader effect. Finally, I will outline several
promising avenues for future research into the cheerleader effect and the influence of social
context on social perception in general.
7.2 Hierarchical Encoding and The Cheerleader Effect

Walker and Vul (2014) proposed that the cheerleader effect was the result of a complex
interaction between ensemble coding, the attractiveness of average faces, and the hierarchical
structure of visual working memory. The central premise of the hierarchical encoding
mechanism is that the target face is recalled as being highly similar to the ensemble average,
which itself is perceived to be highly attractive, because it possesses average facial characteristics.
Indeed, several of the current results are consistent with such a mechanism. The size of the
cheerleader effect was significantly reduced in group conditions that could not be summarised to
create an average face, including when a target face was presented among groups of houses or
chairs (Experiments 3 & 4, Chapter 6). Most importantly, the cheerleader effect was also
significantly reduced when the group consisted of identical images of the target face, but not

different photographs of the target (Experiment 1, Chapter 6). The key difference between these
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two conditions is that only the group consisting of different photographs of the target (self-
distractors) contains any variability between the faces in the group, which is required to create a
face with average facial characteristics (Burton et al., 2005). Because these two group conditions
were otherwise the same (e.g., a group consisting of three images of the same identity), this
finding provides the strongest evidence that the cheerleader effect is related to the characteristics
of the ensemble average. However, despite explaining the reduced cheerleader effect for groups
that cannot be averaged, many of the other findings in this thesis are inconsistent with a
hierarchical encoding mechanism (Walker & Vul, 2014).

If the cheerleader effect is caused by hierarchical encoding, the size of the cheerleader
effect that each face experiences in a group should be directly related to the attractiveness of the
ensemble average. Digitally averaged faces were created to approximate the mentally summarised
ensemble average (Experiment 3, Chapter 5; Experiment 2, Chapter 6). Although the average
face of each group was rated to be more attractive than each individual group member, and the
cheerleader effect was observed, the size of the cheerleader effect for each target face was not
correlated with the attractiveness of the average face of the group (Experiment 2, Chapter 6). A
similar result was found when digitally averaged faces were created from group images in which
the attractiveness of the target face and the distractor faces had been manipulated (Experiment 3,
Chapter 5). The average face of a group that consisted of two unattractive distractors and an
attractive target face was rated to be significantly less attractive than the attractive target face
when it was seen alone; however, the attractive target face was not rated to be significantly less
attractive when seen in this unattractive group. On the other hand, the average face of a group
that consisted of two attractive distractors and an unattractive target face, was rated to be
significantly more attractive than the unattractive target face when it was seen alone; yet, a
significant cheerleader effect did not occur when the unattractive target face was seen in an
attractive group. Finally, it should also be considered that a smaller cheerleader effect still

occurred when target faces were shown with identical-distractors (Experiment 1, Chapter 6) and
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house-distractors (Experiments 3 & 4, Chapter 6), even though neither group could be mentally
summarised to create an average face. Therefore, these results strongly suggest that hierarchical
encoding alone cannot cause the cheerleader effect.

The cheerleader effect also appears to be inconsistent with both contrast and assimilation
effects. Assimilation effects occur when the attractiveness of an individual is raised or lowered to
match the attractiveness of the other faces in the group (Bar-Tal & Saxe, 1976; Geiselman et al.,
1984; Sigall & Landy, 1973), whereas contrast effects occur when the attractiveness of an
individual is biased away from the attractiveness of the other group members (Kenrick &
Gutierres, 1980; Melamed & Moss, 1975). Crucially, if the cheerleader effect was caused by either
effect, individuals would have been rated to be significantly /ess attractive in specific group
configurations. A contrast effect would cause unattractive target faces to become significantly
less attractive in a group with attractive distractors. On the other hand, an effect of assimilation
would cause attractive faces to become significantly less attractive in an unattractive group. Yet,
an increase in attractiveness occurred regardless of the attractiveness of the target or the
distractor faces in the group (Figure 5.4, Experiment 1, Chapter 5). Notably, even if the increase
in attractiveness failed to reach significance (Experiments 2 & 3, Chapter 5), the target faces were
never rated to be significantly /ss attractive in a group. These results demonstrate that neither
contrast nor assimilation can explain the cheerleader effect, which is best characterized as a
consistent increase in attractiveness for individuals seen in a group.

Before discussing the factors that might contribute to the cheetleader effect (sections 7.3,
7.4), I will briefly outline several additional alternative explanations for the effect that are
inconsistent with the data collected thus far. First, it is unlikely that the cheerleader effect is due
to increasing familiarity with the target faces over repeated presentations (Peskin & Newell,
2004), because the effect occurs when the target face is shown twice in a randomised order
(group, alone; e.g., Experiment 1, Chapter 5). Second, the cheerleader effect occurred when the

left-right orientation of the response scale anchors (“very unattractive/very attractive”) was
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counterbalanced between participants (Chapter 4), indicating that the effect is not caused by a
spatial congruency between the target location and the rating scale (Nicholls et al., 2000;
Simpson & Thomas, 2018). Third, the cheerleader effect occurred when the presentation time of
the group image (7000 ms) greatly exceeded that of the alone condition (2000 ms; Experiment 5,
Chapter 6), suggesting that the effect does not occur because the observer has less time to
examine the target face in the group image (Rashidi et al., 2012; Saegusa & Watanabe, 2016).
Fourth, the cheerleader effect is not likely to be driven by a subset of images (see Figure 5.4),
because new target and distractor faces were selected randomly before each experiment.
Moreover, faces were never rated to be significantly less attractive in a group, discounting the
possibility of regression to the mean, or that participants were simply unable to use the response
scale consistently. Finally, social context had a dissociable effect on judgments of attractiveness
and trustworthiness, suggesting that the cheerleader effect is simply not a generalised positive
response bias that occurs for faces in groups. Although the underlying cause of the cheerleader
effect remains unknown, the results of these experiments will be valuable to future researchers
investigating cause of the effect.
7.3 Mate Choice Copying, Social Desirability and The Cheerleader Effect

Beneath the pop-culture inspired name, the cheerleader effect simply shows that
observers perceive a face to be more attractive in a group of faces compared to alone. As
discussed in Chapter 6, the cheerleader effect shares many similarities with mate choice copying
(Gouda-Vossos et al., 2018; Little et al., 2011c; Place et al., 2010; Waynforth, 2007), which raises
the question, is it possible that the two effects are related? One key difference between the two
effects is that mate choice copying appears to only occur under specific circumstances (Gouda-
Vossos et al., 2018; Little et al., 2011a). For example, Rodeheffer et al. (2016) found that females
only increased their ratings of desirability for a male face when the accompanying female face
was described as his current partner, but not his sister. Similarly, Waynforth (2007) also showed

that females only increased their attractiveness ratings when the male face was presented with an
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attractive, but not an unattractive, female. The increase in attractiveness for these male faces is
not consistent with a generalised phenomenon, because the basic composition of the image was
the same in each circumstance (i.e., a male and female face pair). Instead, these findings suggest
that mate choice copying only occurs in contexts wherein the value of the potential mate’s
current partner can offer clues about the desirability of the potential mate to others (Rodeheffer
et al., 2016). On the other hand, the cheerleader effect appears to occur whenever a face is
presented in a group, regardless of the attractiveness of the target face, or the attractiveness of
the group. Therefore, unlike mate choice copying, the cheerleader effect appears to be a
generalisable phenomenon that occurs due to the mere presence of the distractor faces in the
group.

However, it should be considered that the research paradigms used to test mate choice
copying are often designed to be highly specific. Most studies only recruit heterosexual
participants, who are asked to evaluate opposite-sex faces, often within an explicitly stated mate
selection scenario (e.g., potential short-term or long-term partner; Little et al., 2008). Therefore,
the generalisability of mate choice copying has not yet been clearly established. To my
knowledge, only one study has investigated whether heterosexual observers perceive a same-sex
face to be more attractive when paired with an opposite-sex face. After initially showing that the
heterosexual observers displayed conventional mate choice copying behaviours toward opposite-
sex faces that were paired with attractive same-sex faces, Little et al. (2011a) asked the same
observers to rate the attractiveness of the same-sex face in the image pair. The attractiveness
ratings for same-sex faces did not differ depending on the attractiveness of the opposite-sex
partner, suggesting that the increase in attractiveness that is typical of mate choice copying does
not generalise beyond mate choices.

In contrast to the findings of Little et al. (2011a), the meta-analysis reported in Chapter 6
showed that the typical cheerleader effect occurred for both female and male observers. These

findings demonstrate that female observers rated female faces to be significantly more attractive
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in a group with female faces than when alone. Importantly, the participants in the present studies
were not recruited based on their sexuality, nor were they asked about their mate preferences. As
such, the participant samples reported here are assumed to be representative of the majority
heterosexual general population. Because most of these observers were unlikely to be making
mate selections, the cheerleader effect cannot strictly be an example of mate choice copying.
However, the robust nature of the cheerleader effect clearly demonstrates that social context has
a much more generalised influence on attractiveness judgments than has previously been
suggested by mate choice copying.

Even if they are not intrinsically linked, the similar outcome to the cheerleader effect and
mate choice copying (i.e., an increase of attractiveness for an individual seen in a group) might
suggest that the two effects have a similar underlying cause. Indeed, the social desirability
mechanism of the cheerleader effect that was proposed in Chapter 6 is based upon the
mechanism proposed to cause mate choice copying. If favourable personal qualities are
attributed to potential mates based upon the quality of the others who desire them (Bar-Tal &
Saxe, 1976; Rodeheffer et al., 2016; Sigall & Landy, 1973; Winegard et al., 2017), then it is
possible that being accepted into a social group also signals than an individual has desirable
qualities. However, as stated in Chapter 0, the newly proposed social desirability mechanism
must be treated cautiously until it can be directly tested.

To test plausibility of the social desirability mechanism, it will be necessary to investigate
whether observers actually perceive groups of friends and houses to be desirable, but perceive
groups of chairs to be socially neutral. Second, future research must also investigate whether
observers attribute favourable characteristics, such as increased attractiveness or social status, to
individuals that are presented in groups with faces or houses (Rodeheffer et al., 2016). Finally,
future research might consider whether appearing in a group of socially undesirable images
makes an individual significantly less attractive compared to when they are seen alone. A

challenge for such a design will be to identify categories of stimuli that are undesirable to most
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observers. One potential approach might be to compare the size of the cheerleader effect for
faces shown among groups of houses that are either picturesque or dilapidated, which
presumably differ on their value and perceived desirability. A significant decrease in
attractiveness for faces shown groups of dilapidated houses would be consistent with the social
desirability mechanism. Although the social desirability mechanism is undoubtedly speculative,
the findings in Chapter 6 offer preliminary evidence that the cheerleader effect is related to the
positive attributes that might be inferred about an individual based upon the desirability of the
group they are seen within.

7.4 Could Two Mechanisms Contribute to The Cheerleader Effect?

As noted in Chapter 6, there are findings reported in this thesis that the social desirability
mechanism cannot explain. Notably, the same faces become more attractive, but not necessarily
more trustworthy in a group (Experiment 1, Chapter 5). This dissociation is difficult to
understand within a social desirability framework, since one would assume that trustworthiness is
a favourable trait that is signalled by group membership (Bar-Tal & Saxe, 1976; Rodeheffer et al.,
2016). Therefore, much like the hierarchical encoding mechanism (Walker & Vul, 2014), it
appears that the proposed social desirability mechanism also cannot account for the complete
pattern of results reported here. To the best of my knowledge, no single mechanism can.

As discussed in Chapter 6, the possibility that a second mechanism contributes to the
cheerleader effect must be considered. Below, I expand upon this suggestion and outline two
methodological factors within the cheerleader effect paradigm, which might inadvertently
increase the attractiveness ratings given to individuals seen in groups. Importantly, either
suggested factor could contribute to the cheerleader effect independently of a hierarchical
encoding or a social desirability mechanism. Therefore, finding evidence in favour of either
proposed factor is not, in and of itself, additional evidence that either hierarchical encoding or

social desirability underlies the cheerleader effect.
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7.4.1 Sample Size Bias and Ensemble Amplification

A significant increase in attractiveness occurred for faces shown in identical-distractors
and house-distractors groups, when an average summary face could not be created (Experiments
1 & 3, Chapter 6). Having shown that this increase in attractiveness was not likely caused by the
presentation time of the stimulus (Experiment 5, Chapter 6), one of the only remaining factors
common to both conditions was simply that a human face was presented in a group with two
distractor images. One possibility is that faces are perceived to be more attractive in a group
compared to alone, simply because the group contains more images. Sample size bias is a
pervasive phenomenon, whereby observers give larger estimates of the average characteristics of
the group as the number of items in the group increases (Price, 2001; Price, Kimura, Smith, &
Marshall, 2014; Price, Smith, & Lench, 2006; Smith & Price, 2010). Smith and Price (2010)
suggest that the number of items in the group primes a general magnitude heuristic (Pelham,
Sumarta, & Myaskovsky, 1994), which causes observers to overestimate the characteristics of the
group on dimensions that are themselves unrelated to the magnitude of the group. For example,
participants who were required to draw long pencil lines on a piece of paper before an
experiment, subsequently gave longer estimates of the length of the Mississippi river, and higher
estimates of the average temperature of Honolulu, compared to those who initially drew short
lines (Oppenheimer, LeBoeuf, & Brewer, 2008).

Sample size bias influences estimates of average risk of heart attack (Price, 2001), height
(Price et al., 20006), duration of time (Smith, Rule, & Price, 2017), and even arithmetic means
(Smith & Price, 2010). For example, observers perceive the average height of identical stick
figures to be taller when they are presented in a group of 12, compared to a group of 4 (Price et
al., 2006). Observers also estimate the arithmetic mean of 20 numbers to be significantly greater
than that of a set of 5 numbers, even though both have the same true mean (Smith & Price,
2010). Crucially, observers have also been found to be affected by sample size bias in

conventional ensemble coding tasks (Price et al., 2014). When presented with sets of 3, 6, 9, and



178

12 identical squares, estimates of the mean size of the group increased linearly as a function of
group size (Price et al., 2014). This sample size bias persisted when the squares were identically
sized, and when the sets were presented sequentially, demonstrating that it is the number of
items in the set that biases responses, rather than observers mistakenly attending to the largest
squares in each set, or the total surface area of the display (Price et al., 2014).

In a similar phenomenon, Kanaya, Hayashi, and Whitney (2018) reported that ensemble
coding is prone to “ensemble amplification”, wherein observers give larger estimates of average
circle size as the number of circles in the set increases. Unlike sample size bias, which is directly
related to the numerosity of the group (Smith & Price, 2010), Kanaya et al. (2018) show that
ensemble amplification occurs as a result of the way that the visual system extracts summary
statistics from the display. The most recent findings suggest that summary statistics are formed
by subsampling and integrating a number of items that is approximately equal to the square root
of the total number of items in the display (Whitney & Yamanashi Leib, 2018). However, rather
than sampling these items randomly, Kanaya et al. (2018) found that observers preferentially
sampled the largest circles in the set, suggesting that these large circles had an inherent saliency
to the observers. These findings suggest that because the visual system only subsamples the most
salient items in the group to extract summary statistics, estimates of the group’s average
characteristics will become less accurate as the size of the group increases. When considered
together, both sample size bias and ensemble amplification suggest that the number of items in
the set can directly influence the judgment made by the observer.

Despite the many examples of sample size bias occurring in a wide variety of judgments
(Price, 2001; Price et al., 2014; Price et al., 2006; Smith & Price, 2010; Smith et al., 2017), Walker
and Vul (2014) reported that a similar sized cheerleader effect for groups of 4, 9, and 16 faces.
However, it is possible that Walker and Vul (2014) did not find an effect of group size because
the size of the group was increased by adding novel faces to each group image. Adding novel

faces to the group not only makes the group larger, but also makes the ensemble average more
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“average”. Although this method could potentially increase the likelthood of observing a larger
cheerleader effect, the procedure confounds any effect that sample size bias might have with the
increasing averageness of the set.

To investigate whether sample size bias itself contributes to the cheerleader effect, it is
necessary to increase the number of faces in the group without also increasing the averageness of
the group. One possible approach would be to test whether increasing attractiveness judgments
are given to a target face that is presented in sets of increasing size (e.g., 1, 3, 6, 9, 12), which
consist only of identical photographs of the face itself. Because these sets would only contain
one face that is presented multiple times, any increase in attractiveness could only be attributed
to the increasing number of faces in the set. The results of this sample size bias experiment could
then be used to establish the increase in attractiveness that is attributable to the size of the group.
An effect of sample size bias could explain why a small increase in attractiveness is found when a
face is presented with identical-distractors (Experiment 1, Chapter 6) or house-distractors
(Experiments 3 & 4, Chapter 6), and why houses are also perceived to be more attractive when
presented with other houses (Experiment 3, Chapter 6). However, it should be noted that the
trustworthiness of a face was not necessarily increased in a group, which is potentially
inconsistent with the predicted effect of sample size bias (Experiment 1, Chapter 5).
Nonetheless, given the number of paradigms and judgments that are influenced by sample size
bias, one cannot help but think that sample size bias might contribute to the cheerleader effect.

7.4.2 Attentional Cueing

In the basic cheerleader effect paradigm, the group image is presented for the observer to
examine freely, before a red frame is presented around a single target face that will be evaluated.
The red frame serves as a cue to direct the observer’s attention toward the face that requires
evaluation. However, simply cueing attention toward a face might also make the face appear
more attractive (Stormer & Alvarez, 2016). In a forced choice task, two identical faces appeared

on either side of a fixation cross for 58 ms, and observers indicated which of the faces was more
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attractive. Prior to the stimulus presentation, a cue was flashed for 70 ms at the location of one
of the two faces. Even though the faces were identical, Stormer and Alvarez (2016) found that
the face that had been cued was selected as being more attractive more often than the face that
was not cued. Although there are notable differences between Stérmer and Alvarez’s (2016)
paradigm and the cheerleader effect paradigm, such as the cue preceding stimulus onset, these
findings raise the possibility that simply cuing attention toward the target face in the group image
might inadvertently make it appear to be more attractive. Of course, a red cue was also flashed
around the target face in the alone condition of the cheerleader effect paradigm; however, this
cue is likely redundant because attention is already directed toward the single face on the screen.
An effect of cued attention might offer an alternative explanation for why an increase in
attractiveness occurs in group conditions that are incompatible with the suggested mechanisms
of hierarchical encoding or social desirability.

Cuing attention is necessary to investigate the cheerleader effect; after all, without a cue,
the observer will not know which face they are supposed to rate. Removing the cue from the
cheerleader effect paradigm provides an interesting methodological challenge for future research.
One option would be to modify the trial procedure to retroactively cue the target face, by
presenting a cue at the spatial location of the target face after the group image is removed from
the screen (see Figure 7.1; Griffiths et al., 2018). Alternatively, the procedure could be modified
to remove the un-cued viewing of the group entirely. Rather than cueing a single target face from
the group, a different coloured cue could be presented around each face in the group sequentially
(see Figure 7.1). After each face in the group has been cued, the group would be removed from
the display, and a colour prompt would signal which face in the group was the target. One
additional benefit of this colour-cueing procedure would be to ensure that the observer fixates
each face in the group, which is not required in the current paradigm. While both of these
suggestions have the potential to eliminate any attention induced increase in attractiveness, any

task with a retroactive cue would likely place a much higher working memory load on the
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participant, who would be required to correctly remember the characteristics of the retroactively
cued face. Consequently, it is not clear how eliminating a possible attentional cueing effect, while

simultaneously increasing working memory load, might inadvertently affect task performance.

Colour Cue

Retroactive Cue

a)

W
'r‘%’ ' ?ﬂﬁ"‘ 3000 ms

b) X 1000 ms

How attractive was the target face?

b) 1000 ms

Very | | Very
<) Unarwaceive | | Atract
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How attractive was the target face?

C) Very | | Ve
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Figure 7.1. Two hypothetical trial procedures for cheerleader effect tasks with retroactive target
cues. Retroactive Cue a) the group is presented for 3000ms b) a cue is presented at the location
of the target face ¢) an attractiveness rating is made. Colour Cue a) each face in the group is
presented with a different colour frame for 1000 ms b) a colour prompt identifies the target face

to be rated c) an attractiveness rating is made.

7.5 Measuring The Cheerleader Effect with a Hierarchical Encoding Paradigm
Despite proposing that the cheerleader effect is caused by ensemble coding and the
hierarchical structure of visual working memory, the paradigm introduced by Walker and Vul
(2014) does not explicitly test the occurrence of either process. Instead, the increased
attractiveness rating for an individual within a group is taken as evidence that hierarchical
encoding has occurred. Although the experiments reported in this thesis have advanced our
understanding of the cheerleader effect, they were conducted using the same limited paradigm

(Walker & Vul, 2014). Despite showing that hierarchical encoding is unlikely to be the only cause
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of the cheerleader effect, it is still unclear whether it has any role in the phenomenon. As noted
in Chapter 6, the automatic nature of ensemble coding (Fischer & Whitney, 2011; Haberman &
Whitney, 2011), means that the group image is still likely summarised into an ensemble
representation, which could then influence the recall of the target face from the group (Griffiths
et al., 2018). Determining whether hierarchical encoding has azny role in the cheerleader effect will
require the implementation of a new paradigm that can measure the effect of hierarchical
encoding on the recall of a single face (Griffiths et al., 2018; Haberman & Whitney, 2007, 2009;
Luo & Zhou, 2018).

The ensemble coding of identity is often measured using a paradigm introduced by de
Fockert and Wolfenstein (2009), wherein the observer is presented with a set of four faces,
which is immediately followed by a single memory probe (see Figure 2.3). The memory probe
can be a set exemplar, a foil exemplar, a set average, or a foil average. Incorrectly “recognising”
the set average (which has never been seen) as a member of the preceding group is taken as
evidence that ensemble coding has occurred. This measure of ensemble coding could be
integrated into the existing cheerleader effect paradigm by presenting observers with a memory
probe for the identity of the target face, after the observer has made their attractiveness rating
for the target. Hierarchical encoding would be suggested if observers simultaneously
demonstrated the cheerleader effect and incorrectly endorsed the set average as the target face
they were asked to rate; however, because a separate response is required to measure the
cheerleader effect and hierarchical encoding, this design could only show that the two effects co-
occur, but not that they are causally related.

Despite being quite easy to implement, de Fockert and Wolfenstein’s (2009) task
represents a relatively coarse measure of ensemble coding, because ensemble coding can only be
demonstrated by endorsing the set average. This method would be particularly limited in the
cheerleader effect paradigm because the observers are cued to attend toward a single target face

within the group. Directing attention toward the target face not only makes the ensemble average
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more alike the cued item (de Fockert & Marchant, 2008), but can also increase memory for the
attended target face (LaRocque et al., 2015). Therefore, observers might correctly reject the set
average as having been the target face; but would still recall the target face to be s/ght/y more alike
the set average if the task required a more sensitive discrimination. This limitation could be
addressed by employing a task that uses a morph sequence of faces to capture the range of
possible identities between the individual target face and the set average (Haberman & Whitney,
2007, 2009; Luo & Zhou, 2018).

Morph sequences have been extensively used by Haberman and Whitney (2007, 2009) to
investigate the ensemble coding of emotion in faces. Luo and Zhou (2018) used a similar
technique to create a continuum of attractiveness, by morphing between a very unattractive face
and a very attractive face. I propose that a similar approach could be taken to investigate the
cheerleader effect. First, several extremely unattractive faces would be averaged together to
create an unattractive composite (e.g., 0% attractiveness; see Figure 7.2a), and several extremely
attractive faces would be averaged to create an attractive composite (e.g., 100%). Notably, even
though it is average, an average face created from many unattractive faces is still perceived to be
significantly less attractive than an average face created from many attractive faces (Perrett et al.,
1994). Initially creating unattractive and attractive average faces improves upon Luo and Zhou’s
(2018) approach, since averaging together many very unattractive faces will remove the
idiosyncratic factors that make each face unattractive, while exemplifying the shared traits that
make all faces unattractive (Sutherland et al., 2013). A sequence of morphed faces could then be
interpolated between these extremely unattractive and extremely attractive average faces,
ultimately creating a complete sequence of faces that varies on attractiveness (see Figure 7.2a). By
employing a stimulus set that systematically varies on attractiveness, this proposed design
removes the need to collect an explicit attractiveness rating from the observer about each target

face. Instead, both the cheerleader effect and hierarchical encoding can be measured by having
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observers match the identity of the memory probe to the target face, to investigate whether
probes that are more attractive than the target are endorsed as having been the target face.

Creating a single morph sequence of attractiveness also addresses one of the most elusive
elements of the cheerleader effect: the non-average attractiveness of average faces. As seen in
Experiment 2 of Chapter 6, a digitally averaged face was rated to be more attractive than each of
the three original individuals it was created from (Langlois & Roggman, 1990; Rhodes et al.,
1999). However, because the faces in an attractiveness sequence already represent the different
levels of attractiveness between two fixed anchor faces, there should be no additional increase in
attractiveness when these faces are averaged together. Therefore, the average face of the group
will simply be the average attractiveness value of the group. Notably, if the group can no longer
be summarised to create a highly attractive ensemble average, hierarchical encoding would be
demonstrated by a bidirectional change in attractiveness. Faces less attractive than the group
average would increase in attractiveness, whereas faces more attractive than the group average
would decrease in attractiveness.

The experimental procedure required to measure the cheerleader effect within a
hierarchical encoding paradigm would closely follow that used by Griffiths et al. (2018) to
measure hierarchical encoding in emotional expressions. A set of four faces would be randomly
selected from the attractiveness continuum, which would vary around a mean value not shown
within the group (e.g., a set composed of 50%, 55%, 65% and 70% has a mean attractiveness of
60%; see Figure 7.2b). A single face from the group would be randomly cued as the target face
(e.g., 50%). After a brief interval, a single memory probe face would follow, and observers would
make a forced choice response to indicate if the probe showed the target face (i.c., yes/no).
These memory probes would be sampled from the faces either side of the target on the
attractiveness continuum (i.e., ranging from 15 faces more attractive than the target to 15 less
attractive). The same trial procedure would occur for single face presentations, which would be

used to establish baseline accuracy in target discrimination (Figure 7.2c).
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Luo and Zhou’s (2018) findings suggest that the “yes” responses in the alone condition
should be normally distributed around the target face, demonstrating that observers can
accurately identify the attractiveness of the face when presented alone. Hierarchical encoding
would be demonstrated if the “yes” response distributions for target faces less attractive than the
group average were shifted toward endorsing probes more attractive than the target, whereas
target faces more attractive than the group average would be recalled to be less attractive (Figure
7.2d). On the other hand, if the most attractive faces in each group were still recalled to be more
attractive in a group (which would be consistent with the findings reported in this thesis), this
result would demonstrate that the cheerleader effect is not caused by hierarchical encoding. To
understand what role, if any, ensemble coding plays in the cheerleader effect, future research
should implement a new paradigm that can measure both the cheerleader effect and hierarchical

encoding.
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Figure 7.2. A hypothetical experiment that uses a hierarchical encoding paradigm to measure the
cheerleader effect a) a sequence of faces that represent an attractiveness continuum. The least
attractive face (0%) and most attractive face (100%) were created by averaging together the six
least or six most attractive faces in the KDEF database" (Lundqvist et al., 1998) b) the group
presentation condition, with cue, and subsequent memory probe c) the alone presentation
condition and subsequent memory probe d) the hypothesized pattern of results that would

demonstrate the hierarchical encoding of facial attractiveness.

13 Attractiveness ratings for the KDEF were acquited from the website of Alexander Todorov’s Social Perception
Laboratory at Princeton University (https://tlab.princeton.edu/databases/).
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7.6 Outstanding Questions and Future Directions

The cheerleader effect is a relatively new phenomenon that raises questions not only
about the influence of social context on judgments of facial attractiveness, but about the
influence of social context on all trait impressions that are made from the face. As the
cheerleader effect has only been investigated by Walker and Vul (2014) and in the present thesis,
there are many questions that still need to be addressed. In the section below, I outline several of
these outstanding questions that can be addressed with future research.

7.6.1 Are The Cheerleader Effect and The Group Attractiveness Effect Related?

The cheerleader effect (Walker & Vul, 2014) and the group attractiveness effect (van
Osch et al., 2015) are similar phenomena, which demonstrate that social context can modulate
perceptions of facial attractiveness. The cheerleader effect refers to an individual being perceived
to be more attractive in a group than alone, whereas the group attractiveness effect refers to
observers overestimating the attractiveness of a whole group, compared to the average of the
attractiveness ratings given to the individual group members. Published in quick succession (van
Osch et al., 2015; Walker & Vul, 2014), and without having been replicated since, it is not clear
whether the cheerleader effect and group attractiveness effect might actually describing the same
phenomenon. Given the similarities between the two effects, one might speculate that observers
overestimate the attractiveness of a whole group relative to the average attractiveness of the
individual group members (demonstrating the group attractiveness effect), because each
individual is already perceived to be more attractive in a group than they are alone
(demonstrating the cheerleader effect). On the other hand, the relationship between the two
effects might be reversed; perhaps individuals are more attractive in a group than alone (the
cheerleader effect), because the group itself is perceived to be highly attractive (the group
attractiveness effect) and the observer increases the attractiveness of the individuals to fit with
their perception of a highly attractive group. An interesting avenue for future research would be

to examine to what extent, if any, the cheerleader and group attractiveness effects are related.
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Despite their apparent similarities, it is entirely possible that the group attractiveness and
cheerleader effects are unrelated. Currently, the two effects are understood to occur due to two
separate mechanisms. Using eye-tracking, van Osch and colleagues (2015) found that observers
spent longer gazing at the most attractive faces within each group, and were more likely to
remember the most attractive face in the group compared to the least attractive face. van Osch et
al. (2015) hypothesised that observers overestimated the average attractiveness of the whole
group because they were only attending to the most attractive faces. Notably, while the group
attractiveness effect appears to be caused by selective attention (van Osch et al., 2015), a
significant cheerleader effect was found when the group was composed of identical images of the
same person. This finding suggests that selective attention is unlikely to cause of the cheerleader
effect, because groups of identical images do not have a single, highly attractive individual to
fixate.

However, before concluding that the two effects are unrelated, the two paradigms must
be brought closer in alignment to make justified comparisons between them. For example, the
group attractiveness effect was previously measured using a between-participants design, in
which one sample of observers rated the attractiveness of the individual faces in the group and a
second sample of participants rated attractiveness of the whole group; whereas the cheerleader
effect relies on the same observers to make attractiveness ratings for an individual in a group and
alone. Furthermore, because the observers made their attractiveness ratings while the faces
remained on screen, the group attractiveness effect paradigm does not rely on visual working
memory as the cheerleader effect does. Ideally, future research will investigate the relationship
between these two effects by testing them within the same experimental procedure. A relatively
simple design would be to integrate a measure of the group attractiveness effect into the
conventional cheerleader effect design. The within-participants design of the cheerleader effect
would be more sensitive to detect small changes to the perceived attractiveness of the same

individual in different group conditions. In this proposed design, a cheerleader effect measure
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would be collected for each face in the group (e.g., Experiment 2, Chapter 6), and observers
would also provide an estimate of the average attractiveness of the whole group (see Figure
7.3b). With such a design, it would be possible to identify whether the overestimated
attractiveness of the whole group is due to each individual being perceived to be more attractive

than they are alone.

Figure 7.3. An example of the trial conditions in a cheerleader effect experiment that incorporates
a measure of the group attractiveness effect a) target face in a group b) group attractiveness

condition c) alone condition.

7.6.2 Negative Trait Judgments

Arguably, the most important finding within this thesis concerns the dissociable
influence of social context on judgments of attractiveness and trustworthiness (Chapter 5). This
finding was surprising because attractiveness and trustworthiness are often highly correlated with
one another (Oosterhof & Todorov, 2008); indeed, the attractiveness and trustworthiness ratings
given to the same target faces were strongly correlated when they were presented alone (r = .63;
Experiment 1, Chapter 5). However, when presented in a group, the attractiveness of all faces
increased, whereas an increase in trustworthiness only occurred for the most untrustworthy
faces. Crucially, the same stimuli were used in both judgment tasks, suggesting that the
dissociation between the judgments was caused by the judgments themselves. These findings

raise the interesting possibility that the cheerleader effect might be specific to attractiveness
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judgments. Furthermore, the dissociable influence of group presence on these two highly related
judgments clearly demonstrates that social context cannot be assumed to influence similar
judgments in similar ways.

To date, the cheerleader effect has only been investigated among positive trait
evaluations. Future research should consider the influence of social context on negative trait
judgments, such as aggressiveness (Oosterhof & Todorov, 2008). Griffiths et al. (2018)
demonstrated that hierarchical encoding causes observers to recall the emotional expression of
an individual to be more alike the group average. A mildly angry face in a group with other angry
faces is recalled as being angrier than it really was (Gritfiths et al., 2018). Because trait
impressions are viewed as temporal extensions of emotional expressions (Knutson, 1996; Secord,
1958), faces that appear angrier in a group will also likely be perceived to be more aggressive or
dominant in a group, compared to when they are seen alone. However, due to the nature of
hierarchical encoding, Griffiths et al. (2018) also found that faces angrier than the group average
were remembered as being less angry in a group. Therefore, it remains to be seen whether
appearing in a group of angry faces will cause all faces to be rated as being more aggressive than
they are alone, or whether the change to an individual’s perceived aggression would depend on
the intensity of the other expressions in the group.

7.6.3 Sex Differences

The cheerleader effect is a remarkably general phenomenon that occurs for natural
female and male faces (Walker & Vul, 2014), as well as for computer generated faces
(Experiment 3, Chapter 5). To date, the cheerleader effect has only been investigated with
groups composed of faces that are the same gender. Yet, findings in the mate choice copying
literature suggest that it is possible that the sex (and sexuality) of the participant will interact with
the sex of the target and distractor faces in the group image, to result in sex differences in the
cheerleader effect. Hill and Buss (2008) found that female observers rated a male face to be

significantly more desirable when seen in a group with female faces compared to male faces, and
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to be more desirable in a male group than alone. Conversely, while male observers did not
discriminate between female faces that were seen in a group with females or alone, they rated a
female to be significantly less desirable in a group with other males. Hill and Buss (2008)
hypothesised that males find females in a group with other males to be less desirable because
pursuing the female might lead to a physical confrontation with the other males in a display of
intra-sex competition.

When applied to the cheerleader effect, Hill and Buss’s (2008) findings suggest that the
largest cheerleader effects might occur when female observers evaluate a male target face in a
group with female distractors. On the other hand, a significant decrease in attractiveness might
occur when male observers evaluate a female target face in a group with male distractors.
However, Hill and Buss’s (2008) findings have not always been replicated. Males have also been
shown to engage in mate choice copying (Gouda-Vossos et al., 2018), by increasing their
attractiveness ratings for a female after watching her interact with an interested male date (Place
et al., 2010), or when she is seen with an attractive male face (Little et al., 2008). Despite the
inconsistent reports of mate choice copying in males, these findings demonstrate the need to
investigate whether the size of the cheerleader effect is modulated depending on the sex (and
sexuality) of the observer and that of the faces in the group.

7.6.4 A Social Attractiveness Halo

Facial attractiveness is a valuable social commodity, as attractive individuals receive better
academic grades (Landy & Sigall, 1974), more job offers (Gilmore et al., 1986), higher salaries
(Hamermesh & Biddle, 1993) and shorter criminal sentences (Sigall & Ostrove, 1975; Stewart,
1980) than their unattractive counterparts. An interesting avenue for future research will be to
examine whether the increase in attractiveness that is typical of the cheerleader effect can also
result in more favourable life outcomes for an individual. One clear application of this point is to
consider the emerging role of social media and dating applications in modern day romances. On

these platforms, users are often able to select photographs of themselves to present to
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prospective partners. Perhaps it is possible that by selecting photographs of themselves in
groups, individuals could use the cheerleader effect to their own advantage. Attractive individuals
report more dating experience than unattractive individuals (Langlois et al., 2000), and both
males and females use facial attractiveness to guide mate choices (Buss & Barnes, 1986; Rhodes
et al., 2005). If the same individual is perceived to be more attractive in a group, would they
experience more dating success by selecting and displaying images of themselves in groups to
potential dates? Future research would be well directed to investigate whether the small increase
in attractiveness that is typical of the cheerleader effect can result in the favourable impressions
that are typical of the attractiveness halo (Dion et al., 1972).
7.7 Concluding Remarks

In 1963, Levy and Richter cautioned that models of social perception needed to be
expanded to describe the effect that social context has on the trait judgments that are made from
the face. However, this early warning went largely unheeded; the influence of social context on
trait impressions has continued to be overlooked or ignored in the social perception literature
(Barrett et al., 2011; Phillips et al., 2014). Despite being related to the physical qualities of the
face, my findings have demonstrated that facial attractiveness is reliably modulated by social
context. Natural faces are perceived to be more attractive in a group than alone, regardless of
their own attractiveness, or the attractiveness of the group in which they appear. My research has
shown the cheerleader effect to be a remarkably robust phenomenon; however, these findings
have also raised many questions about the underlying cause of the effect. My findings are
inconsistent with a cheerleader effect that is the result of a single hierarchical encoding
mechanism. Instead, I have proposed that the cheerleader effect is consistent with observers
attributing positive characteristics to individuals that are seen in socially desirable groups.

Crucially, my research raises further questions about the influence of social context on
traits other than attractiveness. Despite becoming more attractive, the same faces did not

necessarily become more trustworthy in a group, even though attractiveness and trustworthiness
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are highly similar judgments. The dissociable influence of social context on such closely related
judgments highlights the need for the field of social perception to consider the role of social
context on all trait judgments that are made from the face. In conclusion, my research has not
only demonstrated that social context reliably modulates perceptions of facial attractiveness, but
also raises the possibility that social context has idiosyncratic influences on each of the trait

impressions that we make from the face at first glance.
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