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Abstract 27 

When confronted with a scene of emotional faces, our brains automatically average 28 

the individual facial expressions together to create the gist of the collective emotion. Here, 29 

we tested whether this ensemble averaging could also occur for facial attractiveness, and in 30 

turn shape two related face perception phenomena: adaptation and the cheerleader effect. In 31 

our first two experiments, we showed that adaptation aftereffects could indeed be shaped by 32 

ensemble statistics; viewing an increasingly unattractive group of faces conversely increased 33 

attractiveness judgments for a subsequently presented face. Not only did group adaptation 34 

aftereffects occur, but their effects were equivalent to those observed from the morphed 35 

average face of the group, suggesting that the visual system had averaged the group together. 36 

In our last two experiments, we showed that viewing a target face in an increasingly 37 

unattractive group led to the target being perceived as increasingly more attractive: a 38 

‘cheerleader’ effect. Moreover, our results suggest that this cheerleader effect likely 39 

comprises of both a social positive effect and a contrastive process, requiring variance 40 

between the surrounding and target faces; i.e., the visual system appeared incapable of 41 

boosting a target’s attractiveness when all of the faces in the scene were identical. 42 

Furthermore, the mean group attractiveness ratings strongly predicted both the cheerleader 43 

effect and adaptation aftereffects, with the latter two also interrelated. This suggests that 44 

ensemble statistics is the common underlying process linking each of these phenomena. In 45 

order to be perceived as beautiful, being surrounded by unattractive friends may help. 46 

Keywords: facial attractiveness, cheerleader effect, visual adaptation, ensemble 47 

coding, friend effect 48 
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Introduction 56 

One of the most important and widely studied facial traits is that of attractiveness due 57 

to its social and evolutionary significance (Little, Jones, & DeBruine, 2011; Rhodes, 2006; 58 

Thornhill & Gangestad, 1999; Willis & Todorov, 2006). Research has uncovered numerous 59 

attributes that modulate a face’s attractiveness (Little et al., 2011; Rhodes, 2006), including: 60 

symmetry (Perrett, Burt, Penton-Voak, Lee, Rowland, & Edwards, 1999; Rhodes, Yoshikawa, 61 

Clark, Lee, McKay, & Akamatsu, 2001; Grammer & Thornhill, 1994), 62 

masculinity/femininity (Perrett, Lee, Penton-Voak, & Rowland, 1998; Perrett, May, & 63 

Yoshikawa, 1994) and averageness (DeBruine, Jones, Unger, & Little, 2007; Deffenbacher, 64 

Vetter, Johanson, & O'Toole, 1998; O'Toole, Price, Vetter, Bartlett, & Blanz, 1999; Perrett et 65 

al., 1994; Rhodes & Tremewan, 1996; Rhodes et al., 2001; Grammer & Thornhill, 1994).  66 

However, in addition to these intrinsic qualities within a face, external factors such as 67 

context and experience may shape the perception of facial attractiveness (Anderson, Lindner, 68 

& Lopes, 1973; Ewing, Rhodes, & Pellicano, 2010; Hönekopp, 2006; Jones, DeBruine, Little, 69 

Burriss, & Feinberg, 2007; Little, Burt, Penton-Voak, & Perrett, 2001; Little et al., 2011; 70 

Rhodes, 2006). For example, simply being viewed in the company of others helps us appear 71 

more attractive than when we are seen alone, a visual phenomenon known as the cheerleader 72 

effect (Carragher, Lawrence, Thomas, & Nicholls, 2018; Walker & Vul, 2014; but see Ojiro 73 

et al., 2015). As it was suggested to us that the label ‘cheerleader’ might be a little outmoded 74 

and misleading, we henceforth refer to it as the ‘friend’ effect instead. Similarly, recent 75 

exposure to an unattractive distorted face makes subsequently presented faces appear more 76 

attractive, an attractiveness adaptation aftereffect (Rhodes, 2006). There is a question, 77 

however, as to whether the mean attractiveness of a group of faces affects the attractiveness 78 

judgments of a target face. More specifically, do we look better when we surround ourselves 79 

with attractive or unattractive friends? This is an important question to answer as we are 80 
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commonly surrounded by friends in social situations where we are being judged by a 81 

prospective partner, i.e., in a bar, club or in photos used on social media apps. Despite the 82 

friend effect and adaptation being two widely examined phenomena thought to shape 83 

attractiveness judgments, no prior work has actually tested what influence a group’s 84 

attractiveness has on any given target face being judged.  85 

There are a number of competing theories for how a surrounding group of faces may 86 

influence our perceptions of an individual’s attractiveness, with each predicting a distinct 87 

outcome. The first, postulated by Walker and Vul (Walker & Vul, 2014), would be a ‘basking 88 

in reflected glory’ or averaging effect. This predicts that faces are more attractive when 89 

judged in a crowd due to the crowd biasing the perception of that face towards the group’s 90 

average. Faces judged in an unattractive crowd should therefore be perceived as less 91 

attractive than those faces when judged in an attractive crowd. This is because the average 92 

attractiveness of an unattractive crowd is less than that of an attractive crowd, as opposed to 93 

the ‘basking in reflected glory’ situation in which the target face receives a benefit from 94 

being in the company of attractive friends (DeBruine et al., 2007; Perrett et al., 1994).  95 

Alternatively, we could have a contrastive effect, similar to what occurs during face 96 

adaptation (Calder, Jenkins, Cassel, & Clifford, 2008; Hsu & Young, 2004; Leopold, O'Toole, 97 

Vetter, & Blanz, 2001; Pegors, Mattar, Bryan, & Epstein, 2015; Rhodes, Jeffery, Watson, 98 

Clifford, & Nakayama, 2003; Rhodes & Leopold, 2011; Webster, Kaping, Mizokami, & 99 

Duhamel, 2004). In this case, averaging produces a new norm from the crowd’s mean which 100 

then boosts the target’s attractiveness ratings in the opposite direction to that of the crowd. 101 

Under these circumstances, being surrounded by increasingly unattractive friends will lead to 102 

a target’s beauty being more readily perceived when in a crowd. This contrastive effect is 103 

because the unattractive group is thought to habituate the neurons that are tuned for 104 



UNATTRACTIVE FRIENDS HELP MAKE YOU BEAUTIFUL 

 

5 

unattractive faces, leading to subsequent faces to be perceived as more attractive (O’Doherty 105 

et al., 2003; Pegors et al., 2015; Rhodes et al., 2003; Webster & MacLeod, 2011).  106 

While the averaging and contrastive effects would arguably modulate the friend effect 107 

in line with the group’s mean attractiveness, the two effects’ relationships with the group’s 108 

mean attractiveness would be in opposite directions to one another. For example, under the 109 

averaging account, increasingly attractive friends would increase the target’s perceived 110 

attractiveness. This is because in the averaging theory, the target face becomes more 111 

attractive as it is biased towards the mean of the crowd when averaged into the group. 112 

Support for this suggestion comes from prior work that shows a Gabor patch’s orientation 113 

will contribute towards the group’s average, yet also be perceived like that average (Morgan, 114 

Chubb, & Solomon, 2008; Ross & Burr, 2008). Converse to this, the contrastive hypothesis 115 

predicts that increasing group attractiveness would make a target face less attractive. Under 116 

such circumstances, the target face may or may not be incorporated into the crowd, but it is 117 

compared to the group’s mean. This contrastive effect is similar to that arising during 118 

adaptation (O’Doherty et al., 2003; Pegors et al., 2015; Rhodes et al., 2003).  119 

Finally, the mere presence of a face in a group may be sufficient to cause some kind 120 

of social positive effect. In this case, simply being in a group makes a target face more 121 

attractive irrespective of how the group looks. What might cause this effect is unclear, but it 122 

may be driven by some kind of high level process that can attribute popularity to a face due 123 

to the simple fact that it is surrounded by other people. However, it is possible that such a 124 

social positive effect might co-occur with either an averaging or contrastive effect. If this 125 

were to be true, then we might expect the target face in a group to always be rated as more 126 

attractive than when viewed in isolation, but the strength of this friend effect may vary in 127 

response to the surrounding group’s mean attractiveness.  128 
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While any of the above seems possible, recent research into ensemble statistics may 129 

give a hint as what effect the group’s mean attractiveness might have. Our visual system 130 

rapidly and involuntarily averages the heterogeneous information from a group of faces 131 

presented simultaneously or in sequence in order to obtain its gist (Haberman & Whitney, 132 

2007, 2009; Sweeny & Whitney, 2014; Whitney & Leib, 2017; Ying & Xu, 2017). These 133 

ensemble statistics or representations have been shown to arise in the processing of facial 134 

identity (Haberman, Brady, & Alvarez, 2015; Leib et al., 2012), gender (Haberman & 135 

Whitney, 2007), viewpoint (Sweeny & Whitney, 2014), and emotion (Elias, Dyer, & Sweeny, 136 

2017; Haberman & Whitney, 2009; Wolfe, Kosovicheva, Leib, Wood, & Whitney, 2015; 137 

Ying & Xu, 2017). It is time consuming and effortful to assess the attractiveness of a target 138 

face compared to all of the other faces in a group (Tsotsos, 1990). It is thus reasonable to 139 

imagine that such ensemble coding may also occur for facial attractiveness when viewing a 140 

group of faces (Abbas & Duchaine, 2008; Brady & Alvarez, 2015; Haberman & Whitney, 141 

2012).  142 

One would expect ensemble statistics to help the visual system create a new norm for 143 

attractiveness from the group’s average. This norm would form an implicit template against 144 

which any face presented in the group could be judged (Ying & Xu, 2017). Evolutionary 145 

theory would arguably predict this template should arise in order to assist us in picking the 146 

best available mate relative to other options currently available in any given environment. 147 

Under these circumstances, we should expect increasingly unattractive groups to bias our 148 

judgments for finding the target face as more attractive. This is because someone should be 149 

judged more desirable in an unattractive crowd as they are representing the best available 150 

option based upon current experience. Conversely, the same individual will not be judged to 151 

be quite as attractive when in an attractive group due to the fact that they are not as desirable 152 

as other options available. Similarly, we would anticipate ensemble perception to shape face 153 
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adaptation in a similar way, albeit this time our perceptions are based upon recent, rather than 154 

concurrent, experiences. The following experiments aim to confirm these hypotheses.  155 

 156 

Experiment 1. Face adaptation shows that we look better if we 157 

appear after a group of unattractive friends  158 

If we appear after a group of friends, would we seem more attractive or unattractive? 159 

When we are exposed to a single unattractive face for a few seconds, subsequently presented 160 

faces appear more attractive, with an attractive face producing a converse effect: a powerful 161 

visual illusion known as an adaptation aftereffect (Leopold et al., 2001; Rhodes et al., 2003; 162 

Webster et al., 2004). Similar adaptation aftereffects have been shown when people adapt to 163 

facial emotion (i.e., viewing a sad face makes subsequent faces seem happier; Afraz & 164 

Cavanagh, 2008; Burns, Martin, Chan, & Xu, 2017; Luo, Burns, & Xu, 2017; Webster et al., 165 

2004; Xu, Dayan, Lipkin, & Qian, 2008), and we are able to extract the gist of the emotion 166 

from a group of faces through ensemble coding (Haberman & Whitney, 2009; Ying & Xu, 167 

2017). It is currently unclear, however, whether this attractiveness aftereffect can occur 168 

through spatial ensemble statistics by adapting to a group of faces. To date, there has been a 169 

surprising lack of ensemble adaptation experiments in which multiple adaptors are 170 

simultaneously presented, with ensemble adaptation to low level dots’ size one of the rare 171 

studies examining such an effect (Corbett, Wurnitsch, Schwartz, & Whitney, 2012). To our 172 

knowledge, our present study will be the first that tests spatially presented ensemble 173 

adaptation of faces. If attractiveness perception can be similarly shaped by our prior 174 

experiences with groups of faces as those observed with the dots, then we would expect 175 

ensemble representations to shape face adaptation. Under such circumstances, a group of 176 

faces’ mean attractiveness should predict their adaptation aftereffects. We tested this 177 
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hypothesis in Experiment 1 by adapting participants to groups of faces that varied in their 178 

mean attractiveness, and asking them to make attractiveness judgments to subsequently 179 

presented faces.  180 

 181 

Method 182 

Subjects 183 

Twenty ethnic Chinese subjects (11 females, mean age 22.95 years), with normal or 184 

corrected-to-normal vision, participated in both experiments. We selected this sample size 185 

because it is comparable to previous research examining ensemble coding via face adaptation 186 

aftereffects (we doubled the sample size from Ying & Xu, 2017). From the post-hoc power 187 

analysis (with α-value of .05, ηp
2 = .64, G*Power 3.1), we found this sample size yield a high 188 

power 1 – β = 1. This study and all following experiments in this paper were reviewed and 189 

approved by the Ethics Committee of the Psychology and Institutional Review Board (IRB) 190 

of Nanyang Technological University. All participants gave their informed and written 191 

consent prior to the study.  192 

Apparatus 193 

Visual stimuli were presented on a 17-inch Philips CRT monitor (refresh rate 85 Hz, 194 

spatial resolution 1024 × 768 pixels). The monitor was controlled by an iMac Intel Core i3 195 

computer running Matlab R2010a (Mathworks) via Psychophysics Toolbox extensions 196 

(Brainard, 1997; Pelli, 1997). Each subject was seated in a dimly lit room with their head 197 

rested on a chin rest 75 cm in front of the monitor.  Each pixel subtended 0.024° on the 198 

screen.  199 

 200 

 201 
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Stimuli 202 

All of the visual stimuli were female faces chosen from the Oslo face database 203 

(Chelnokova et al., 2014). We chose this face database for two reasons. First, it contains high 204 

quality pictures that varied in attractiveness. Second, judgments of attractiveness towards 205 

female faces are almost perfectly correlated irrespective of the race being judged or judging 206 

(i.e., r > .9 in Cunningham, Roberts, Barbee, Druen, & Wu, 1995; Perrett et al., 1998; Rhodes 207 

et al., 2001). Thus, we anticipated that our Chinese participants would have little difficulty in 208 

processing the attractiveness of the Caucasian faces in a normal manner. All face images 209 

were grey scaled and had an oval shaped crop applied so that only the central region of each 210 

face was visible by Paint.Net (dotPDN LLC, USA) and Matlab R2010a (Mathworks, MA, 211 

USA). 212 

We assessed the perceived attractiveness of the stimuli via an online pilot study. 213 

Twenty subjects, those who took part in our two main experiments, were asked to rate the 214 

facial attractiveness for all 30 faces. The attractiveness of each face was assessed on a 7-point 215 

scale (1 for most unattractive and 7 for most attractive). All faces were presented individually 216 

on the screen in a random order, with this cycle being repeated 3 times. Each time a face was 217 

presented, it would remain onscreen until a judgment was made before starting the next trial. 218 

The mean attractiveness ratings for each face ranged from 2.10 to 5.28 (M = 3.52, SD = .85). 219 

The inter-rater reliability was high (Cronbach’s alpha = .94) as has been shown by prior work 220 

examining attractiveness judgments (DeBruine et al., 2007; Rhodes et al., 2001). We selected 221 

the most attractive (M = 4.93, SD = .24) and most unattractive (M = 2.60, SD = .22) faces 222 

identified by our participants to be used for our adapting and test faces based on these ratings. 223 

Due to publishing restrictions, we use faces from Karolinska Directed Emotional Faces 224 

database (Lundqvist, Flykt, & Öhman, 1998) for demonstration in our figures. 225 

 226 
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Test Faces  227 

Using MorphMan 2016 (STOIK Imaging, Moscow, Russia) we morphed the top two 228 

attractive faces together to create our most attractive test face. We did this as we wanted to 229 

make our highly attractive face even more attractive, and face averaging achieves this goal as 230 

average faces are rated more attractive than their non-average counterparts (DeBruine et al., 231 

2007; Perrett et al., 1994). This face was then morphed with the most unattractive face to 232 

create a sequence of seven, incrementally spaced, morph continua test faces; we did not 233 

average the most unattractive faces as we wanted to have the most unattractive face possible. 234 

Based on a small pilot test (n = 5), we found participants (who did not participate in any of 235 

the experiments reported here) preferred this stream of faces rather than a stream of faces 236 

created simply from the most attractive face. The morphed faces were separated by units in 237 

proportions of 1/7th attractiveness. For example, the most attractive morph which contained 238 

100% of the synthesized attractive face (and 0% of the unattractive face) was equal to 1 239 

attractiveness unit; the least attractive morph with 0% of the synthesized attractive face and 240 

100% of the unattractive face was equal to 0 attractiveness units. All test stimuli subtended a 241 

horizontal and vertical visual angle of 1.80° × 2.40° respectively.  242 

Adapting Faces  243 

The adapting stimuli were based on the six most attractive faces and the six most 244 

unattractive faces (excluding the most unattractive face which was used as the most 245 

unattractive test face) from the Oslo face database. There are three types of adapting faces: all 246 

6 most attractive faces; all 6 most unattractive faces; or a mixture of 3 most attractive and 3 247 

most unattractive faces (randomly selected from the 6 attractive and 6 unattractive faces). 248 

These faces were displayed at the same size as the test faces. 249 

 250 
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Procedure 251 

We used a block design comprising of three experimental blocks and one baseline 252 

block. In the attractive adaptation block, the 6 presented adapting faces were the 6 most 253 

attractive faces. In the unattractive block the faces were the most unattractive faces. In the 254 

mixed block, 3 of the attractive faces and 3 of the unattractive faces were presented. In the 255 

baseline condition block, only the test face was presented with no adapting faces. We favored 256 

a block design as it meant that participants were judging the test faces within a consistent 257 

group context within each block. On each trial, the test stimulus presented was one of the 258 

morphed faces selected at random. Each trial began with a centrally presented fixation cross 259 

for 500 ms. This cross would be ever present on all trials and participants were requested to 260 

remain fixated at the cross at all times. The 6 adapting faces would then surround the central 261 

fixation cross in a hexagon fashion (See Figure 1) for 1 s. A 400 ms interstimulus interval 262 

would then occur with only the fixation cross present, before the test face’s presentation, 263 

superimposed under the fixation cross, for 200 ms (much briefer than the adaptors). It has 264 

been documented in the face adaptation literature that presenting a test face at a shorter 265 

duration could enhance the adaptation aftereffect (e.g., Burton, Jeffery, Bonner, & Rhodes, 266 

2016; Rhodes, Jeffery, Clifford, & Leopold, 2007). Therefore, the test face was presented 267 

onscreen after the group of 6 adapting faces, as is usual in adaptation studies (Rhodes et al., 268 

2003; Webster et al., 2004; Ying & Xu, 2017). There was no spatial overlap between the 269 

adapting and test faces on the computer screen, so any adaptation aftereffects arising would 270 

not be low level retinotopic effects but instead require higher level adaptation (Rhodes et al., 271 

2003). A final screen with only the fixation would then be presented until participants pressed 272 

the appropriate keyboard response to indicate whether the test face was attractive or 273 

unattractive (‘A’ for attractive, ‘S’ for unattractive). This screen commenced with a 50 ms 274 
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beep noise to alert participants to respond, with their response starting the next trial (Figure 275 

2).  276 

 277 

Figure 1. An example of the adapting faces used in Experiment 1 (the demonstrated faces are 278 
AF01NES, AF06NES, AF08NES, AF17NES, AF20NES, and AF34NES from KDEF database). (A)  279 
The 6 adapting faces formed a hexagon. In the experiment, the central fixation cross was right in the 280 
center of them. (B) The schematic of the relative locations of the stimuli. The test face was presented 281 
in the central position (the intersection of the three lines) of Cartesian coordinates. The locations of 282 
the central points of the adapting faces are at the end points of each line, the coordinates are the 283 
relevant location for each adapting face. For example, the top left adapting face is 1.13° to the left and 284 
2.16° to the top of the fixation cross. 285 

 286 

Within each block, each test face was presented 10 times in a random sequence 287 

making a total of 70 trials in each block. Similarly, the locations of the six adapting face 288 

identities were also shuffled randomly around the hexagon. Each block lasted around seven 289 

minutes, and there was a seven-minute rest in between consecutive blocks to avoid any 290 

carryover effects. The order of the blocks was randomized for each subject. Data collection 291 

started after subjects had sufficient practice trials to familiarize themselves with the task. 292 
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 293 

Figure 2. The sequence of an adaptation trial (the demonstrated faces are AF01NES, 294 
AF06NES, AF08NES, AF17NES, AF20NES, AF26NES, and AF34NES from KDEF database). 295 
Subjects fixated on the cross and pressed the space bar to initiate a trial. After 500 ms, the adaptors, 296 
six faces appeared at the screen for 1 s. The locations of the adaptors are the same as the faces in 297 
Figure 1. Then after a 400 ms interval, the test face appeared at the center of the screen for 200 ms. 298 
Subsequently, a beep sound prompted subjects to judge the attractiveness of the central face by 299 
pressing the ‘A’ button for attractive, or the ‘S’ button for unattractive. 300 

 301 

Data analysis 302 

The data were sorted into proportions of ‘attractive’ responses to each test stimulus 303 

per condition. The test stimuli were parameterized according to the attractiveness units in the 304 

morphed test faces. The proportions of ‘attractive’ responses were then plotted against each 305 

test face, and the resulting psychometric curves were fitted with a sigmoidal function f(x) = 306 

1/[1 + e-a(x-b) ], where a/4 is the slope and b gives the test-stimulus parameter corresponding 307 

to the 50% point of the psychometric function [the point of subjective equality (PSE)]. The 308 

attractiveness aftereffect (or friend effect in later experiments) was quantified as the 309 

difference between the PSE of each experimental condition relative to the baseline. We used 310 

repeated measures analysis of variance (ANOVA) and pairwise comparisons (with 311 

Bonferroni corrections) to compare subjects’ PSEs for different conditions. The means 312 
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derived from the attractiveness of the adapting faces were calculated by averaging the ratings 313 

of each adapting face by each subject individually.  314 

We then performed a correlation to examine the extent to which our adaptation 315 

aftereffects were being driven by the mean attractiveness of the group of adapting faces. As 316 

all participants were repeatedly measured under three adaptation conditions, it is problematic 317 

for us to test the relationship between the adaptation aftereffects and the mean ratings of each 318 

adaptation condition’s faces via a conventional correlational analysis; this is because each 319 

participant would provide three data points to each correlation, hence violating the 320 

assumption of independence between each observation in the correlation. To solve this 321 

problem, we used a repeated measures correlation analysis (Bakdash & Marusich, 2017) to 322 

measure the strength of the relationship between adaptation and group attractiveness.  323 

The statistical analyses were conducted in R 3.4.3 (R Core Team, Vienna, Austria), 324 

Matlab R2010a (Mathworks, MA, USA) and SPSS Statistics 22 (IBM, NY, USA). 325 

 326 

Results and Discussion 327 

The results from all participants averaged together are shown in Figure 3A. We 328 

plotted the fraction of ‘attractive’ responses as a function of the attractiveness units of the test 329 

faces. The adaptation aftereffects can be interpreted from the psychometric curve shift. The 330 

black dash-dotted line psychometric curve is the baseline condition. After exposure to the 331 

unattractive faces (blue solid line), there was a leftward shift in the psychometric curve 332 

relative to baseline. A similar shift, albeit in the opposite direction, is present in the attractive 333 

group condition (magenta dotted line). Moreover, the mixed group, in which the attractive 334 

and unattractive faces appear to cancel each other out, shows no shift compared to the 335 

baseline (cyan dashed line). The psychometric curves in the attractive and unattractive 336 



UNATTRACTIVE FRIENDS HELP MAKE YOU BEAUTIFUL 

 

15 

conditions illustrate the existence of classic adaptation aftereffects (Webster & MacLeod, 337 

2011; Ying & Xu, 2017).  338 

 339 

Figure 3. The attractiveness adaptation aftereffects of adapting faces with different levels of 340 
mean attractiveness (Experiment 1). (A) The psychometric functions of all subjects averaged together. 341 
‘Baseline’ represents the baseline condition without any adapting faces (black star, black dash-dotted 342 
line). ‘Attractive Adapting’ represents the attractive adaptation condition with six attractive faces 343 
during adaptation (magenta triangle, dotted line). Error bar indicates the standard error of the mean. 344 
‘Mixed Adapting’ represents the mixed adaptation condition with three attractive and three 345 
unattractive faces during adaptation (cyan square, cyan dashed line). ‘Unattractive Adapting’ 346 
represents the unattractive adaptation condition with six unattractive faces during adaptation (blue 347 
circle, blue solid line). (B) Summary of all 20 subjects’ results. For each condition, the average PSE 348 
relative to the baseline condition and the 95% confidence intervals were plotted. The p value shown 349 
for each condition in the figure was calculated against the baseline condition using the two-tailed 350 
paired t tests. Note that a more negative adaptation aftereffect measured by PSE shift indicates that 351 
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the test faces were perceived as more attractive than with no adaptation. (C) The attractiveness 352 
adaptation aftereffects as a function of the mean attractiveness ratings of the adapting faces. Each data 353 
point is derived from the mean attractiveness rating of the adapting faces and their aftereffect from a 354 
single observer for each adaptation condition. Thus, each participant has his/her own correlation line 355 
fitted to the data points, of the same color. Taken together, the size of adaptation aftereffect and the 356 
mean attractiveness ratings correlated significantly (r = .81, p < .001, 95% CI [0.67, 0.90]).  357 

 358 

We then compared the mean PSEs relative to the baseline of all 20 subjects to 359 

quantify the facial attractiveness adaptation aftereffect (Figure 3B). Positive values represent 360 

the rightward (less attractive judgment) shifts of the respective psychometric curves; and 361 

negative values represent the leftward (more attractive judgment) shifts of the respective 362 

psychometric curves. Paired t-tests revealed significant negative adaptation aftereffects in the 363 

unattractive (i.e., test faces were more likely judged attractive; M = - 5.96%, SEM = .01; t(19) 364 

= - 4.33, p < .001, Cohen’s d = 0.97, 95% CI [- 0.09, - 0.03]) and positive aftereffects in the 365 

attractive (i.e., test faces more likely judged not attractive; M = 6.16%, SEM = .01; t(19) = 366 

5.49, p < .001, Cohen’s d = 1.23, 95% CI [0.04, 0.09]) conditions. By contrast, the mixed 367 

adapting faces yielded no significant aftereffects (M = - 1.12%, SEM = .01; t(19) = - .88, p 368 

= .388, Cohen’s d = 0.20, 95% CI [- 0.04, 0.02]). A repeated measures ANOVA also 369 

indicated significant differences among all three adaptation conditions (Mauchly’s test 370 

indicated that the assumption of sphericity was not violated, χ2(2) = .72, p = .70; F(2,38) = 371 

33.48 , p  < .001 , ηp
2 = .64). Further Bonferroni corrected pairwise comparisons indicated 372 

that there were significant differences between the unattractive and the attractive (t(19) = 373 

7.63, p < .001, Cohen’s d = 1.71) conditions, and between the unattractive and mixed 374 

conditions (t(19) = 3.16, p = .016, Cohen’s d = .71). Moreover, a significant difference was 375 

also found between the mixed and attractive adaptation conditions (t(19) = 5.43, p < .001, 376 

Cohen’s d = 1.22). 377 

To investigate if ensemble averaging shapes adaptation, we analyzed the repeated 378 

measures correlation between the adaptation aftereffects and the mean attractiveness ratings 379 
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across all group conditions (Figure 3C). A significant association was revealed between these 380 

mean attractiveness ratings and the size of the aftereffects (r = .81, p < .001, 95% CI [0.67, 381 

0.90]). Ensemble averaging therefore appears to drive the creation of a new attractiveness 382 

norm through adaptation.  383 

 384 

Experiment 2. Ensemble adaptation aftereffects are equal to their 385 

average counterparts 386 

Experiment 1 showed that a group of faces could produce adaptation aftereffects. We 387 

wondered if this occurred from an averaging or summation process. In Experiment 2 we 388 

tested these possibilities in a number of different ways. First, we generated a morphed 389 

average face (Figure 4B) of the attractive face group (Figure 4A) and examined whether it 390 

could generate similar attractiveness aftereffects; if ensemble averaging was occurring, then 391 

the attractive group should produce adaptation aftereffects that are equal to their morphed 392 

average group, as the facial means of both groups are equal.  393 

The second way we tested summation versus averaging was to assess whether 394 

ensemble adaptation led to distinct aftereffects when compared to the processing of an 395 

individual face (Figure 4C) from the group (Figure 4A). If summation was occurring, then 396 

the adaptation aftereffects produced by the single face should be roughly equivalent to 1/6th 397 

of the attractive group of faces. Similarly, adapting to a group of the same single face 398 

presented in six locations at the same time (Figure 4D) should result in larger aftereffects 399 

than that produced by the single face (Figure 4C). Please note, our reason for picking only the 400 

attractive faces was simply due to the impractical time constraints of testing all possible 401 

permutations from Experiment 1.  402 

 403 
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Methods 404 

Subjects, Apparatus, Stimuli, and Procedure 405 

Thirty new participants (20 females, mean age 23.93 years) took part in this 406 

experiment. We chose this sample size for two reasons. The first reason was that the result of 407 

a power analysis (using G*Power 3.1 software, basing on ηp
2 = .64 from Experiment 1, with 408 

α-value at .05, and power (1 – β) at .95) indicated that we would need at least 6 participants. 409 

We further considered that Pegors and colleagues (2015) used 30 as sample size in their 410 

facial attractiveness study. We therefore chose 30 as the sample size for the current study.  411 

We used the same lab setting, procedure, analysis, and the face dataset as in 412 

Experiment 1, except for a couple of changes. First, we wanted to rule out any possible 413 

confounding influence of the fact that the test faces and adapting faces were derived from the 414 

same identities. We therefore created a new test face stream and collection of adapting faces. 415 

In this experiment, the new test faces comprised the morph continua of the most attractive 416 

face and the least attractive face from the previous larger face database (based upon the 417 

judgements from Experiment 1). The adapting faces were the six most attractive faces taken 418 

from the remaining group of the database after the test face had been removed. Therefore, the 419 

testing faces and the adapting faces were from different identities. As in Experiment 1, the 420 

faces were cropped with an oval shape mask. Moreover, the luminance of the faces was 421 

further equalized by the SHINE toolbox (Willenbockel et al., 2010). 422 

Secondly, we have four different adaptation conditions (Figure 4). For the average 423 

attractive condition (Figure 4B, AVE), we created the averaged face of the adaptors using the 424 

Webmorph software (DeBruine & Tiddeman, 2017) to average all of the faces from the 425 

attractive group (Figure 4A) together. For the Single1 condition, we picked one of the faces 426 

from the attractive group adaptors and presented it at one of the 6 locations randomly from 427 
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trial to trial. To match the low-level features with the ATT condition, we created the 428 

scrambled faces from the rest of the attractive adaptors respectively via the Webmorph 429 

software (DeBruine & Tiddeman, 2017), and presented the scrambled faces in the other 5 430 

adapting locations in the group. Finally, we created the Single6 group by simply presenting 431 

the Single1 face in all six adaptation locations (Figure 4D).  432 

 433 

Figure 4. The adapting faces for Experiment 2 (the faces are AF01NES, AF06NES, AF08NES, 434 
AF17NES, AF20NES, AF26NES, and the averaged face of them from KDEF database). (A) The 435 
attractive adaptors (ATT) condition. (B) The averaged face (AVE) condition, the faces are all the 436 
averaged face of the six attractive adapting faces.  (C) The single face with scramble faces (Single1) 437 
condition. (D) The single face repeated six-time (Single6) condition. 438 

 439 

Results and Discussion 440 

The results from all participants averaged together are shown in Figure 5A. We 441 

plotted the fraction of ‘attractive’ responses as a function of the attractiveness units of the test 442 

faces. The adaptation aftereffect can be interpreted from the psychometric curve shift: the 443 

leftward shift means the test faces are perceived as more attractive, and the rightward shift 444 

means the test faces are perceived as less attractive. All four conditions generated significant 445 

rightward shifts.  446 
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 447 

Figure 5. The attractiveness adaptation aftereffects produced by each of the four conditions in 448 
Experiment 2. (A) The psychometric functions of all participants averaged together. ‘Baseline’ 449 
represents the baseline condition without any adapting faces (black star, black dash-dotted line). ‘ATT’ 450 
represents the attractive adapting faces condition with six attractive faces (blue circle, solid line). 451 
Error bars indicate the standard error of the mean. ‘AVE’ represents the AVE adaptation condition 452 
with six averaged faces of the ATT condition (cyan square, dashed line). ‘Single1’ represents the 453 
Single1 adaptation condition with one attractive face and the scrambled faces of the other five 454 
attractive faces during adaptation (red triangle, dotted line). ‘Single6’ represents the Single6 455 
adaptation condition with six repetitions of one attractive face during adaptation (magenta X, solid 456 
line). (B) Summary of all 30 participants’ results. For each condition, the average PSE relative to the 457 
baseline condition and the 95% confidence intervals were plotted. The p value shown for each 458 
condition in the figure was calculated against the baseline condition using the two-tailed paired t tests. 459 
Note that, a more positive adaptation aftereffect measured by PSE shift indicates that the test faces 460 
were perceived as less attractive than on their own. 461 

 462 

The summary of the adaptation aftereffects measured by PSE shift is illustrated in 463 

Figure 5B. Compared to the baseline PSE, the ATT (M = 10.37%, SEM = .022; t(29) = 4.81, 464 

p < .001, Cohen’s d = 0.88,  95% CI [0.06, 0.15]) , AVE (M = 12.30%, SEM = .022; t(29) = 465 

5.69 p < .001, Cohen’s d = 1.04, 95% CI [0.08, 0.17]), Single1 (M = 5.13%, SEM = .014; t(29) 466 

=  3.74, p = .001, Cohen’s d = 0.43, 95% CI [0.2, 0.8]), and Single6 (M = 5.00%, SEM = .010; 467 

t(29) =  5.15, p < .001, Cohen’s d = 0.42, 95% CI [0.3, 0.7]) conditions all generated 468 

significant adaptation aftereffects. A repeated measures analysis of variance (ANOVA) also 469 

indicated significant differences among all four adaptation conditions (Mauchly’s test 470 

indicated that the assumption of sphericity was violated, χ2(5) = 14.47, p = .013; thus the 471 

degree of freedoms were corrected using Greenhouse-Geisser estimates of sphericity (ε = .73); 472 
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F(2.18,63.13) = 9.72 , p  < .001 , ηp
2 = .25). Further Bonferroni corrected pairwise 473 

comparisons indicated that there were no significant differences between the ATT and AVE 474 

conditions (t(29)=1.52, p = .84, Cohen’s d = .28), nor the Single1 and Single6 conditions 475 

(t(29)=.124, p = 1, Cohen’s d = .023). Moreover, both ATT and AVE conditions generated 476 

significantly larger aftereffects than both Single1 and Single6 conditions (all ps < .031). 477 

Finally, the correlation analysis indicated that there were significant correlations between 478 

ATT and AVE conditions (r = .83, p < .001, 95% CI [0.66, 0.91]), as well as between Single1 479 

and Single6 conditions (r = .44, p = .015, 95% CI [0.10, 0.70]). Noticeably, the adaptation 480 

aftereffect of Single1 condition (M = 5.13%) was much larger than 1/6 of those of the ATT 481 

and Single6 conditions (10.37% and 5.00%, respectively). In order to test whether the 482 

Single1 face’s adaptation aftereffects were a 1/6th of the ATT group’s aftereffects, we 483 

performed a one-sample t-test on the Single1 condition’s aftereffects, comparing to the 1/6th 484 

of the ATT group’s mean aftereffect value (M = 1.73%). The aftereffects in the Single1 485 

condition were significantly larger than this value (t(29)=2.41, p = .019; Cohen’s d = 1.43), 486 

hence indicating that the ATT group’s aftereffects were unlikely to have arisen through 487 

summation.  488 

In summary, our results from Experiments 1 and 2 indicate that adaptation aftereffects 489 

can arise from a group of faces. Moreover, these effects do not appear to be the result of each 490 

individual face being adapted to and summed together, but instead, the aftereffects seem 491 

equal to those produced by their averaged counterparts. For example, adapting to the 492 

morphed average face (AVE) from the attractive group led to equivalent aftereffects to those 493 

produced by the attractive group (ATT). Similarly, a single face (Single1) produced 494 

equivalent aftereffects to those resulting from a group of the same face (Single6). These 495 

findings taken together support the hypothesis that the brain averages the faces in a scene 496 

together to produce adaptation aftereffects. From this, we were therefore curious if ensembles 497 
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of faces influenced another face perception phenomenon related to facial attractiveness: the 498 

friend effect. Specifically, how does this friend effect vary with the attractiveness of the 499 

surrounding faces?  500 

 501 

Experiment 3. We look better with unattractive friends 502 

In our previous experiments in this paper, we found that ensemble perception could 503 

influence face adaptation. We were therefore curious if ensemble perception could also 504 

influence another phenomenon related to face perception: the friend effect. The friend effect 505 

is characterized by an individual face being perceived as more attractive when it is viewed in 506 

the presence of other faces (‘friends’), in contrast to when it is judged in isolation by itself 507 

(Carragher et al., 2018; Walker & Vul, 2014). We wanted to test whether ensemble 508 

perception could similarly modulate the magnitude of this friend effect as we had observed in 509 

our emotion adaptation studies in an RSVP sequence (Ying & Xu 2017). We therefore asked 510 

participants to judge the facial attractiveness of a central target face when it was either 511 

presented by itself in a baseline condition, or surrounded by a group of faces that were 512 

attractive, unattractive or mixed (the ‘friend’ conditions). By employing such a paradigm, we 513 

would be able to ascertain what, if any, influence ensemble perception was likely having on 514 

the friend effect. Moreover, we used the same faces from our first experiment (Experiment 1) 515 

and our present experiment (Experiment 3), so that we could directly test whether there is any 516 

relationship between the friend effect and face adaptation.  517 

There are a number of competing theories for how ensemble perception may 518 

influence the friend effect. The first, an averaging effect postulated by Walker and Vul 519 

(2014), predicts that faces are more attractive when judged in the crowd due to the crowd 520 

biasing the perception of that face towards the group’s average. If this is the case, then faces 521 
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judged in an unattractive crowd should be judged as less attractive than those faces when 522 

judged in an attractive crowd. This is because the average attractiveness of an unattractive 523 

crowd is less than that of an attractive crowd (DeBruine, Jones, Unger, & Little, 2007; Perrett, 524 

May, & Yoshikawa, 1994). Alternatively, the friend effect might be explained by a 525 

contrastive adaptation effect as we saw in Experiment 1, whereby a new norm is created from 526 

the surrounding crowd which then influences the attractiveness ratings of the central face. 527 

Thus, being judged in an attractive crowd will make a face appear less attractive than when 528 

judged in an unattractive crowd. Under such circumstances, a group of faces’ mean 529 

attractiveness should predict their adaptation aftereffects and friend effects. As these latter 530 

two are both shaped by ensemble statistics, we would anticipate a significant relationship 531 

between them too. Finally, there may be a social positive effect, where the mere presence of 532 

‘friends’ boosts an individual’s attractiveness irrespective of their looks. This latter effect 533 

may, however, also occur concurrently with the averaging or contrastive theories we 534 

described above. We tested these hypotheses in Experiment 3. 535 

 536 

Methods 537 

Subjects, Apparatus, Stimuli, and Procedure 538 

The same subjects (n = 20) from Experiment 1 participated in Experiment 3. From a 539 

post-hoc power analysis (with α-value of .05, ηp
2 = .35, G*Power 3.1), we found that this 540 

sample size was sufficient to yield high power: 1 – β = .98.  541 

We used the same lab setting and stimuli as in Experiment 1, except for a couple of 542 

minor adjustments to the paradigm. The key difference was that in the present paradigm, the 543 

surrounding faces were presented at the same time as the target face (1 second, Figure 6). The 544 

spatial arrangement of the surrounding faces was the same as in Experiment 1. 545 
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Simultaneously for the same duration, the target face was presented at the center of the screen, 546 

superimposed under the fixation cross; therefore, the target face was presented onscreen 547 

within a group of 6 ‘friends’. Note that the duration of the target face in this experiment was 548 

longer than that of the adaptation experiments; however, such a setting allows the ‘groups’ of 549 

faces in each condition (i.e., adaptation or friends) to be presented for the same duration in 550 

each trial across experiments (1 second). Thus, the influence of the group of faces can be 551 

directly compared. A final screen with only the fixation would then be presented until 552 

participants pressed the appropriate keyboard response to indicate whether the target face was 553 

attractive or unattractive (‘A’ for attractive, ‘S’ for unattractive). This screen commenced 554 

with a 50 ms beep noise to alert participants to respond, with their response starting the next 555 

trial. 556 

 557 

Figure 6. The sequence of one example trial (the demonstrated faces are AF01NES, 558 
AF06NES, AF08NES, AF17NES, AF20NES, AF26NES, and AF34NES from KDEF database). 559 
Subjects fixated on the cross and pressed the space bar to initiate a block. After 0.5 s, the target face, 560 
surrounded by the other six faces, appeared onscreen for 1 s. Then a beep sound prompted subjects to 561 
judge the attractiveness of the central face by pressing the ‘A’ button for attractive, or the ‘S’ button 562 
for unattractive. Experimental parameters for all conditions and experiments are detailed in the 563 
Methods section. 564 

 565 
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Results and Discussion 566 

The results from all participants averaged together are shown in Figure 7A. We 567 

plotted the fraction of ‘attractive’ responses as a function of the attractiveness units of the 568 

target faces. The friend effect can be interpreted from a leftward psychometric curve shift; 569 

whereby larger leftward shifts indicate a larger friend effect. The figure indicates that when 570 

the target faces were surrounded by either unattractive faces (blue solid line), mixed faces 571 

(cyan dashed line), or the attractive faces (magenta dotted line), all target faces were 572 

perceived as more attractive than on their own (baseline with no surrounding faces, black 573 

dash-dotted line). Moreover, it appeared that the decreasing average attractiveness of the 574 

surrounding group led to larger friend effects. The summary of the friend effect measured by 575 

PSE shift is illustrated in Figure 7B. Compared to the baseline PSE, the unattractive (M = 576 

12.70%, SEM = .027; t(19) = 4.64, p < .001, Cohen’s d = 1.04,  95% CI [0.07, 0.18]) , mixed 577 

(M = 9.21%, SEM = .025; t(19) = 3.71, p = .002, Cohen’s d = 0.83, 95% CI [0.04, 0.14]), and 578 

attractive surrounding faces (M = 5.50%, SEM = .021; t(19) =  2.61, p = .017, Cohen’s d = 579 

0.58, 95% CI [0.01, 0.10]) all boosted the attractiveness of the centrally presented target faces. 580 

A repeated measures analysis of variance (ANOVA) also indicated significant differences 581 

among all three friend conditions (Mauchly’s test indicated that the assumption of sphericity 582 

was not violated, χ2(2) = 2.21, p = .33; F(2,38) = 10.34 , p  < .001 , ηp
2 = .35). Further 583 

Bonferroni corrected pairwise comparisons indicated that the unattractive condition produced 584 

the largest friend effect: larger than the attractive (t(19) = 3.93, p = .003, Cohen’s d = 0.88) 585 

and marginally larger than mixed friend (t(19) = 2.33, p = .086, Cohen’s d = 0.53) conditions. 586 

Similarly, greater friend effects were found in the mixed over the attractive condition (t(19) = 587 

2.62, p = .050, Cohen’s d = 0.59). 588 

 589 
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 590 

Figure 7. The effects of surrounding faces with different levels of group attractiveness 591 
(Experiment 3). (A) The psychometric functions of all participants averaged together. ‘Baseline’ 592 
represents the baseline condition without any surrounding faces (black star, black dash-dotted line). 593 
‘Attractive Surrounding’ represents the attractive surrounding faces condition with six attractive faces 594 
(magenta triangle, magenta dotted line). Error bars indicate standard error of the mean. ‘Mixed 595 
Surrounding’ represents the mixed surrounding faces condition with three attractive and three 596 
unattractive faces (cyan square, cyan dashed line). ‘Unattractive Surrounding’ represents the 597 
unattractive surrounding faces condition with six unattractive faces (blue circle, solid blue line). (B) 598 
Summary of all 20 subjects’ results. For each condition, the friend effect measured by PSE shift and 599 
the 95% confidence intervals were plotted. The p value shown for each condition in the figure was 600 
calculated using two-tailed paired t tests. Note that a more negative friend effect measured by PSE 601 
shift indicates a larger friend effect (target faces were perceived as more attractive than on their own). 602 
(C) The friend effect as a function of the mean attractiveness rating of the surrounding faces for each 603 
individual subject. Each data point is derived from the mean attractiveness rating of the surrounding 604 
faces and their friend effect from a single observer for each condition. Thus, each participant has 605 
his/her own correlation line fitted to the data points, of the same color. Triangles represented the 606 
individual subjects’ mean ratings of attractive surrounding faces. Squares for the mixed surrounding, 607 
and circles for the unattractive surrounding. Taken together, the size of friend effect and the mean 608 
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attractiveness rating correlated significantly by repeated measure correlation (r = .63, p < .001, 95% 609 
CI [0.39, 0.79]). (D) The attractiveness aftereffect from each condition (relative to the no adaptation 610 
baseline condition) plotted as a function of the corresponding condition’s friend effect (calculated 611 
relative to the no friends baseline). Adaptation aftereffects and the friend effects were significantly 612 
correlated by repeated measure correlation (r = .65, p < .001, 95% CI [0.42, 0.80]). 613 

 614 

We specifically predicted that the friend effect may be influenced by ensemble 615 

perception by forming a new norm from the group’s mean attractiveness ratings. To support 616 

this hypothesis (Figure 7C), we found a significant positive correlation between the mean 617 

attractiveness ratings for each surrounding group and the score of friend effect (r = .63, p 618 

< .001, 95% CI [0.39, 0.79]). In other words, target faces became more attractive as they 619 

were surrounded by less attractive friends. This indicates that the friend effect is influenced in 620 

a way that is consistent with ensemble adaptation.  621 

To link the prior experience (Experiment 1) and contextual (Experiment 3) effects 622 

created via hypothesized ensemble coding, a further repeated measures correlation (Figure 623 

7D) between the adaptation aftereffects in Experiment 1, and the friend effects from 624 

Experiment 3, was performed. The results showed that both were significantly associated 625 

with one another (r = .65, p < .001, 95% CI [0.42, 0.80]). This further confirms a link 626 

between what we believe is ensemble adaptation and the friend effect, whereby both were 627 

occurring in a way that is consistent with the underlying ensemble representations of facial 628 

attractiveness (Figure 8). Both adaptation aftereffects and friend effects were significantly 629 

correlated with the mean attractiveness of the face groups in the surround (r = .81, p < .001; 630 

and r = .63, p < .001, respectively). This suggests that the mean attractiveness of a face group 631 

is the common factor associated with both friend effects and attractiveness adaptation 632 

aftereffects.  633 
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 634 

Figure 8. The generalized model from our two experiments. The mean attractiveness of the 635 
face group (ensemble representation) could predict the adaptation aftereffect (Experiment 1) and the 636 
friend effect (Experiment 3). Moreover, the adaptation aftereffect and the friend effect, which were 637 
both associated with ensemble representations, correlated with one another. 638 

 639 

In summary, the results from Experiment 3 confirm that an individual’s face is 640 

perceived as more attractive when it is presented with other faces than when presented alone. 641 

Our results therefore replicate that of prior work (Carragher et al., 2018; Walker & Vul, 2014; 642 

but see Ojiro et al., 2015). Why Ojiro and colleagues did not find significant effects is unclear 643 

to us, however, our own work and that of others (Carragher et al., 2018; Walker & Vul, 2014) 644 

provide, in our opinion, strong evidence that the friend effect is a true effect. Moreover, we 645 

found on average across the three experimental conditions a large effect size relative to the no 646 

‘friends’ baseline (mean Cohen’s d = 0.82), compared to the effect size in the other studies 647 

(Walker & Vul (2014, Exp 4): ηp
2 = .197; Carragher et al., (2018): mean Cohen’s d = .56; 648 

Ojiro et al., (2015, Exp 2): ηp
2 = .017). The large effect size in our study was likely due to our 649 

employment of a psychophysical measure of behavioral performance that is highly sensitive 650 

at detecting perceptual effects (PSE).  651 

 In contrast to Walker and Vul’s ‘basking in reflected glory’ theory of the friend effect, 652 

we find that the friend effect is negatively determined by the mean attractiveness of the 653 

surrounding faces: the more unattractive the friends are, the more attractive the target face 654 
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becomes. The friend effect is therefore not a consequence of averaging the target face 655 

towards the group’s mean, which should have made the faces more attractive in the attractive 656 

condition, but seems to arise from a contrastive effect between the ensemble perception of the 657 

‘friends’ and the ‘target’. Moreover, if we consider the results from Experiment 1 where the 658 

‘Mixed Adapting’ condition produced no adaptation aftereffects, the ‘Mixed Surrounding’ 659 

condition here could be reflective of a baseline friend effect. From this baseline, the attractive 660 

faces then diminish the effect and the unattractive faces boost it. Our results are therefore 661 

potentially consistent with the suggestion that the friend effect comprises of a social positive 662 

effect, where the ‘Mixed’ condition is the baseline of this effect, and a contrastive effect, 663 

which can then modulate the size of this social positive effect. This begs a question as to 664 

whether the friend effect is partly driven by the presence of surrounding faces, or requires 665 

variance between the faces too? To answer this question, we tested a new condition in 666 

Experiment 4, with identical faces surrounding the target face. 667 

 668 

Experiment 4: The friend effect arises as a contrastive effect when 669 

ensemble perception is engaged 670 

In Experiment 4, we presented our participants with ‘friends’ that were identical to 671 

the targets (i.e., the target face was surrounded by six copies of itself); under such 672 

circumstances, the ensemble average of the ‘friends’ in the surrounding scene is the same as 673 

the target. We therefore anticipated that the contrastive effect would not be observed as there 674 

is no difference between the ensemble of the scene and the target, and so, only a social 675 

positive effect should occur when all faces in the scene are identical; e.g., the friend effect 676 

should be similar to the ‘Mixed Surrounding’ condition.  677 
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However, if the friend effect requires the contrast between the target and ensemble 678 

perception of the friends, then we might fail to find a friend effect when all faces are identical. 679 

Hints for this possibility come from our adaptation results in Experiment 2, where a single 680 

face (Single1) in a scene produced no different aftereffects from a group of identical faces 681 

(Single6). If we consider that the friend effect arises in part due to similar neuronal processes 682 

as adaptation, then we may not find a friend effect when all faces are identical. This is 683 

because we would expect the same neuronal populations to be activated for a particular face 684 

or its identical copies. Either result would give us an important insight into what drives the 685 

friend effect. Moreover, we had groups of attractive, mixed and unattractive adapting faces 686 

similar to those used in Experiment 1 and 2, as well as test faces from Experiment 2, in order 687 

to replicate the friend effects we found in Experiment 3. Finally, we used different facial 688 

identities between adaptation and test in order to remove any possible confound of identity, 689 

much like how we changed the stimuli for Experiment 2 in order to counter the same issue in 690 

Experiment 1.  691 

 692 

Methods 693 

Subjects, Apparatus, Stimuli, and Procedure 694 

Thirty new subjects (22 females, mean age 25.03 years) participated in this 695 

experiment. We chose 30 as the sample size for several reasons. First, using the effect size of 696 

Experiment 3 (ηp
2 = .35), a power analysis (using G*Power 3.1, with α-value at .05, and 697 

power (1 – β) at .95) indicated that we needed at least 13 participants. Considering the sample 698 

sizes of attractiveness studies using the similar paradigms (nmean = 27.8 in Walker & Vul, 699 

2014, ranging from 18-39; n = 30 in Pegors et al., 2015), we believed that 30 participants 700 

would be sufficient for the experiment.  701 
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We used the same stimuli as in Experiment 2, albeit with the unattractive adapting 702 

faces from Experiment 1 for our current unattractive and mixed conditions. The paradigm 703 

was also largely the same as Experiment 3, except we added a condition where the 6 704 

surrounding faces were identical to the target face. Thus, in the new ‘Same Surrounding’ 705 

condition, the target face was always surrounded by six copies of itself. 706 

 707 

Results and Discussion 708 

The results from all participants averaged together are shown in Figure 9A. We 709 

replicated the findings from Experiment 3 in that the target faces were perceived as more 710 

attractive than on their own (baseline with no surrounding faces, black dash-dotted line) 711 

when surrounded by the unattractive faces (blue solid line), mixed faces (cyan dashed line), 712 

or attractive faces (magenta dotted line). However, the ‘Same Surrounding’ condition (green 713 

solid line) showed little shift from the baseline condition, which means that presenting 714 

identical friends and target faces in a scene fails to elicit a friend effect.  715 

The summary of the friend effect measured by PSE shift is illustrated in Figure 9B. 716 

Compared to the baseline PSE, the unattractive (M = 12.8%, SEM = .014; t(29) = 9.12, p 717 

< .001, Cohen’s d = 1.67,  95% CI [0.10, 0.16]) , mixed (M = 8.59%, SEM = .012; t(29) = 718 

6.94, p < .001, Cohen’s d = 1.12, 95% CI [0.06, 0.11]), and attractive surrounding faces (M = 719 

4.5%, SEM = .010; t(29) =  4.52, p < .001, Cohen’s d = 0.59, 95% CI [0.2, 0.7]) all 720 

significantly boosted the attractiveness of the target face. However, the same face 721 

surrounding condition failed to invoke a significant PSE shift (M = 1.4%, SEM = .0093; t(29) 722 

= 1.46, p = .154, Cohen’s d = .018,  95% CI [-.005, 0.03]). A repeated measures analysis of 723 

variance (ANOVA) indicated significant differences among all four conditions (Mauchly’s 724 

test indicated that the assumption of sphericity was violated, χ2(5) = 13.53, p = .01; thus the 725 
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degrees of freedom were corrected using Greenhouse-Geisser estimates of sphericity (ε = .74); 726 

F(2.23, 64.66) = 35.12 , p  < .001 , ηp
2 = .55). Further Bonferroni corrected pairwise 727 

comparisons indicated that the unattractive condition produced the largest friend effect: larger 728 

than the mixed (t(29) = 4.04, p = .002, Cohen’s d = .74), attractive surrounding (t(29) = 6.02, 729 

p < .001, Cohen’s d = 1.10), and the same surrounding condition (t(29) = 7.72, p < .001, 730 

Cohen’s d = 1.41). Similarly, greater friend effects were found in the mixed over the 731 

attractive condition (t(29) = 4.02, p = .002, Cohen’s d = .73) and the same surrounding 732 

condition (t(29) = 6.09, p < .001, Cohen’s d = 1.11). Finally, the attractive condition also 733 

exhibited larger effects when compared to the same surrounding condition (t(29) = 3.50, p 734 

= .009, Cohen’s d = .64). 735 

We further validated that the friend effect was influenced by ensemble perception by 736 

forming a new norm from the surrounding group’s mean attractiveness ratings. Using a 737 

repeated measures correlation analysis, we found a significant positive correlation (Figure 9C) 738 

between the mean attractiveness rating for each surrounding group and the friend effect (r 739 

= .54, p < .001, 95% CI [0.33, 0.70]). 740 

In summary, this study replicated the findings of Experiment 3. Moreover, it further 741 

clarifies that the friend effect cannot be elicited by the mere presence of other, identical faces. 742 

Instead, it appears that there needs to be some variance between the faces in order for the 743 

friend effect to become engaged. 744 

 745 
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 746 

Figure 9. The effects of surrounding faces with different levels of group attractiveness 747 
(Experiment 4). (A) The psychometric functions of all participants averaged together. ‘Baseline’ 748 
represents the baseline condition without any surrounding faces (black star, black dash-dotted line). 749 
‘Attractive Surrounding’ represents the attractive surrounding faces condition with six attractive faces 750 
(magenta triangle, magenta dotted line). Error bars indicate standard error of the mean. ‘Mixed 751 
Surrounding’ represents the mixed surrounding faces condition with three attractive and three 752 
unattractive faces (cyan square, cyan dashed line). ‘Unattractive Surrounding’ represents the 753 
unattractive surrounding faces condition with six unattractive faces (blue circle, solid blue line). 754 
‘Same Surrounding’ represents the condition in which the target and 6 surrounding faces are identical 755 
(green X, solid green line). (B) Summary of all 30 participants’ results. For each condition, the friend 756 
effect measured by PSE shift and the 95% confidence intervals were plotted. The p values shown 757 
above each condition in the figure was calculated using two-tailed paired t tests. Note that, a more 758 
negative friend effect measured by PSE shift indicates a larger friend effect (target faces were 759 
perceived as more attractive than on their own). (C) The friend effect as a function of the mean 760 
attractiveness rating of the surrounding faces by repeated measures correlation. Triangles represented 761 
the individual subject’s mean ratings of attractive surrounding faces and the friend effect. Squares for 762 
the mixed surrounding, and circles for the unattractive surrounding. Each color indicates one 763 
participant. Taken together, the size of friend effect and the mean attractiveness rating correlated 764 
significantly, as in Experiment 3. 765 
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General Discussion 766 

In our first two experiments, we showed that ensemble statistics of previously viewed 767 

groups could shape subsequent attractiveness judgments through adaptation aftereffects. 768 

These judgments were correlated with the underlying mean attractiveness of the adapting 769 

group of faces, indicating that spatial ensemble perception was arising and producing 770 

attractiveness adaptation. Similarly, in Experiments 3 & 4, we tested whether the company 771 

we keep changes how others perceive our attractiveness. As expected, being surrounded by 772 

an increasingly unattractive group leads to an individual being more likely judged attractive, 773 

causing a contrastive ‘bring out the beauty’ effect. The participants’ mean ratings of 774 

attractiveness of the surrounding faces were correlated with the size of their friend effects. 775 

Overall, it would seem that the brain can average the attractiveness of a group of faces 776 

together involuntarily, to form a new norm against which target faces can be implicitly 777 

judged. These findings may therefore indicate an evolutionary advantage in rapidly assessing 778 

a mate’s worth against past (adaptation) and present (friend effect) experiences. Overall, the 779 

adaptation and friend effect are two important face perception phenomena that are predicted 780 

in a fashion consistent with ensemble statistics.  781 

Previous studies in facial attractiveness adaptation tended to use configurally distorted 782 

faces as their adaptors (Rhodes et al., 2003). For instance, Anzures and Mondloch (Anzures 783 

& Mondloch, 2009) adapted children and adults to compressed and expanded faces to probe 784 

attractiveness perception. In our experiments, subjects were presented with natural faces 785 

without distortion, yet we still observed large adaptation aftereffects (Webster et al., 2004; 786 

Webster & MacLeod, 2011). To our knowledge, the present study is the first that tests facial 787 

attractiveness adaptation through the use of natural, undistorted faces in a group. Also, our 788 

aftereffects seem incompatible with a low level retinotopic adaptation explanation (Afraz & 789 

Cavanagh, 2008; Leopold et al., 2001), as the adaptors and the test faces were presented in 790 
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non-overlapping spatial locations in Experiments 1 and 2. Such incongruence between 791 

adaptors and the test face is typically thought to counteract low level retinotopic effects 792 

(Adams, Gray, Garner, & Graf, 2010; Leopold et al., 2001) and thus indicates ensemble 793 

perception occurs at a higher level of face perception (Haxby & Gobbini, 2011; O’Doherty et 794 

al., 2003). Similarly, they support the suggestion that the perception of facial attractiveness is 795 

not entirely innate, but can be shaped quite considerably by both context and experience 796 

(Ewing et al., 2010; Furl, 2016; Jones et al., 2007; Little et al., 2001; Little et al., 2011; 797 

Rhodes et al., 2003; Stormer & Alvarez, 2016). 798 

In Experiment 2 we further confirmed that it is the ensemble coding of the crowd that 799 

drives adaptation aftereffects. The individual face alone generated much smaller adaptation 800 

aftereffects than the face group or their morphed average. Interestingly, the mere presence of 801 

multiple same faces in the crowd does not increase the adaptation aftereffect of a single face 802 

(Single1 vs Single6). Thus, these results clarify that the adaptation aftereffect derived from a 803 

crowd comes about through averaging, and not the summation of the individual faces. 804 

Moreover, by using different identities of adaptors and the target face (Experiment 2), we 805 

further clarified that the observed adaptation aftereffect can be only attributed to the facial 806 

attractiveness adaptation, rather than a consequence of facial identity adaptation. 807 

Experiment 3 suggests that being in the presence of increasingly unattractive faces 808 

leads to greater friend effects, which is incongruent with the inferred prediction from Walker 809 

and Vul that attractive friends should make one more attractive (Walker & Vul, 2014). While 810 

the friend effect seems altered by ensemble perception, there is still a robust boost in the 811 

target face’s attractiveness regardless of the surrounding faces’ mean attractiveness. The 812 

findings of Experiment 3 are, however, still open to the interpretation that the friend effect is 813 

comprised of two components: a contrastive effect and a social positive effect. The results 814 

from Experiment 4 not only replicated the major findings from Experiment 3, but also 815 
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clarified that the mere presence of faces (the ‘Same Surrounding’ condition) does not 816 

increase the attractiveness ratings of the central target face. Therefore, while the friend effect 817 

seems modulated by the contrast between the ensemble representation of the surrounding 818 

faces and the central target face, there needs to be variance between these faces (i.e., they 819 

cannot be identical) for the social positive component of the friend effect to become engaged.  820 

Why should a face always be more attractive when viewed in a crowd? Moreover, 821 

why does the attractiveness of the target face decrease as the attractiveness of the surrounding 822 

group increases? As mentioned earlier, we believe that the friend effect might have two 823 

components. The first component seems to be a social positive effect generated by the 824 

surrounding faces. The second is a contrastive effect between the target and the ensemble 825 

representation (mean attractiveness) of the surrounding faces. We therefore believe that the 826 

second component can be explained by ensemble neuronal habituation, similar to the 827 

ensemble adaptation aftereffects observed in Experiment 1 & 2. For example, prior work has 828 

shown that the specific neurons responsible for face perception in the inferior temporal cortex 829 

have large receptive fields and position invariance (Barraclough & Perrett, 2011; Gross et al., 830 

1972; Desimone et al., 1984; Desimone, 1991; Tsao & Livingstone 2008). When the identical 831 

faces are presented at different locations (‘Same Surrounding’ condition), they may activate 832 

the same population of neurons as the single face in isolation (i.e., the ‘Baseline’ condition 833 

where there were no surrounding faces). This explains why there was no social positive effect 834 

in the ‘Same Surrounding’ condition in Experiment 4.  835 

When the faces in a scene have variance by being different identities, we would 836 

expect each face to activate different populations of neurons from those of the baseline 837 

condition. We believe that when these additional face selective neurons are activated to 838 

detect multiple faces, it can allow the target to be appraised as more attractive because of this 839 

apparent popularity. While attending to the target face, and multiple faces have been detected 840 
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in the scene, the brain can then engage a contrastive effect (Luck et al., 1997). This could 841 

explain why we always observe a friend effect, even when the friends are attractive. For 842 

example, in the ‘Attractive Surrounding’ condition, the social positive effect and the 843 

contrastive effect both occurred, but the social positive effect is always present due to the 844 

detection of variance in the faces preventing the contrastive effect from eradicating it entirely 845 

or reversing it. Future neuroimaging work will, however, be required to clarify the neural 846 

mechanisms of the social positive effect. 847 

It should be noted that we are not claiming ensemble coding cannot occur when there 848 

is no variance in the scene. For example, Luo and Zhou (2018) recently showed variability is 849 

not required for ensemble perception of facial attractiveness to arise. Instead, for the friend 850 

effect to occur, variance is required. We have demonstrated this through the lack of a friend 851 

effect in the identical face (the ‘Same Surrounding’ condition) in Experiment 4. Similarly, 852 

there appeared to be nothing special with respect to adapting to an ensemble of identical faces 853 

when compared to the single face in Experiment 2. Based upon our current experiments, 854 

however, we are unable to answer whether or not the target face is included in the ensemble 855 

representation.  856 

Fischer and Whitney (2011) showed their stimuli in a similar hexagon fashion as 857 

Experiment 2 but in a crowding paradigm. They found that in their experiment, the emotion 858 

of the central face was averaged towards the surrounding faces. By contrast, we found that 859 

the attractiveness of the central face was modulated by the ensemble representation of the 860 

surrounding faces in the opposite direction. We believe this discrepancy stems from one key 861 

difference between the experiments. Fischer and Whitney (2011) positioned their face sets at 862 

eccentricities known to promote visual crowding (Whitney & Levi, 2011); we, however, put 863 

the set of faces in the center of the screen close to the target face. This may suggest that 864 

ensemble perception favors extra-foveal information more (Wolfe et al., 2015), and the 865 
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receptive field of neurons increases with eccentricity (Kay et al., 2015). There is a consensus 866 

that ensemble perception compresses the noisy and redundant information in the view 867 

(Alvarez, 2011). Our Experiment 3 complements such a notion: the task related foveal input 868 

is not redundant, but survives (at least partially) from the ensemble representation of task 869 

irrelevant extra-foveal information. 870 

It is remarkable that ensemble perception occurs in adaptation and the friend effect 871 

experiments even though participants were never instructed to look directly at the group of 872 

surround faces, and in the case of Experiments 3 and 4, only paid attention to the single target 873 

face in the center of the face crowd. This suggests that ensemble perception can occur 874 

regardless of directed attention and supports the claim that such perception is an involuntary 875 

process. Similarly, the fact that our participants never look directly at the faces would seem to 876 

indicate that they were not simply ‘picking’ a single face out of the group to base their 877 

judgments upon. This suggestion is further supported by the correlations between the mean 878 

attractiveness ratings of the underlying groups and the friend/adaptation effects. Our current 879 

study supports the suggestion that ensemble perception occurs for facial attractiveness 880 

adaptation, in addition to emotion adaptation (Ying & Xu, 2017). These findings fit with the 881 

view that ensemble perception likely arose through an evolutionary advantage at being able 882 

to judge the attractiveness of any particular face against recent and current experiences. 883 

However, such high-level ensemble coding is likely to have arisen from a precursor system 884 

that initially processes lower level information such as contour and textures in the 885 

environment. One could imagine that as man became a more social creature, then this process 886 

was developed for complex, higher level social information such as attractiveness. In any 887 

case, this perspective suggests that other aspects of facial social traits (Oosterhof & Todorov, 888 

2008), such as trustworthiness or dominance, might also be susceptible to ensemble encoding.   889 
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In summary, we have provided evidence that supports the ubiquitousness of ensemble 890 

coding in shaping face perception. We have further confirmed the robustness and replicability 891 

of the friend effect, whereby simply being in the company of friends, at least different 892 

looking from the target, makes an individual look more attractive. Similarly, if the viewer has 893 

prior exposure to unattractive groups of faces, then a face will again seem more attractive 894 

when subsequently viewed by comparison. If individuals therefore want to maximize their 895 

mating competitiveness by seeming more desirable, they should surround themselves with 896 

unattractive friends or appear after them. 897 

 898 

Context of the Research 899 

 Our lab has been studying face perception since it was founded in 2010. We became 900 

interested in facial attractiveness adaptation from 2014 as the university provided funding to 901 

support top undergraduate students to gain research experience in different labs through the 902 

Undergraduate Research Experience on Campus (URECA) scheme. Research projects on 903 

facial attractiveness were popular for students (URECA 2014 – 2018) and gradually led to 904 

increasing evidence on the nature of facial attractiveness adaptation (Tan & Xu, URECA 905 

2014-15, APCV 2015; Kan, Ying, & Xu, URECA 2015-16). This prior work led to revised 906 

project designs (Ying et al., VSS 2017) before resulting in the studies found in the present 907 

manuscript. All of the authors have a general interest in understanding how face perception 908 

works. The role that ensemble statistics plays in shaping face perception is still very much 909 

open to debate. We were therefore curious if it could shape two phenomena related to face 910 

perception: the adaptation and friend effect. If ensemble statistics do shape facial 911 

attractiveness judgments, then this would have practical implications in how we may want to 912 

appear say through a dating app. For example, are we more likely to be appraised as being 913 

attractive when we are sharing a photograph with good looking or unattractive friends? As 914 
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we expected, both the friend effect and face adaptation were influenced by the underlying 915 

group attractiveness, whereby unattractive ‘friends’ appeared to result in others finding us 916 

more attractive. If an individual wants to look beautiful, they should surround themselves 917 

with unattractive friends.  918 
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