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Abstract

The present study examined effects of attractiveness on behavioral and event-related
potential (ERP) correlates of face memory. Extending previous reports, we controlled for
potential moderating effects of distinctiveness, a variable known to affect memory. Attractive
and unattractive faces were selected on the basis of a rating study, and were matched for
distinctiveness. In a subsequent recognition memory experiment, we found more accurate
memory for unattractive relative to attractive faces. Additionally, an attractiveness effect in
the Early Posterior Negativity (EPN) during learning, with larger amplitudes for attractive
than unattractive faces, correlated significantly with the magnitude of the memory advantage
for unattractive faces at test. These findings establish a contribution of attractiveness to face
memory over and above the well-known effect of distinctiveness. Additionally, as the EPN is
typically enhanced for affective stimuli, our ERP results imply that the processing of

emotionally relevant attractive faces during learning may hamper their encoding into memory.
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1. Introduction

Attractive people profit from multiple advantages in social interactions due to their
appealing looks. For instance, attractive children achieve both better marks and more attention
in class (Lerner & Lerner, 1977), and as adults, beautiful individuals are more successful in
their professions and are helped more readily in dire situations (Benson, Karabenick, &
Lerner, 1976; Harrell, 1978; Mims, Hartnett, & Nay, 1975). Whereas attractiveness is thus
usually considered a highly desirable attribute, it is largely unclear whether attractive people
are also particularly memorable.

A number of studies examined memory for attractive and unattractive faces, with
rather discrepant results. Several studies reported more accurate memory for attractive relative
to unattractive faces (Cross, Cross, & Daly, 1971; Marzi & Viggiano, 2010; Zhang et al.,
2011), whereas others either found the opposite pattern (Light, Hollander, & Kayra-Stuart,
1981; Sarno & Alley, 1997), or no difference in memory (Brigham, 1990; Wickham &
Morris, 2003). We considered that this inconsistency may be partly related to other facial
characteristics which were not systematically controlled in previous research. A particularly
important characteristic in this context is distinctiveness. Highly distinctive faces strongly
deviate from an average or prototypical face, as they, for instance, contain unusually sized or
shaped facial features (such as particularly small eyes), or unusual facial texture or
colouration. By contrast, less distinctive or typical faces are perceptually closer to the
prototype. Importantly, it is well known that distinctive faces are remembered particularly
well (e.g., Valentine, 1991), such that more accurate memory for either attractive or
unattractive faces in previous studies may have been influenced by differences in
distinctiveness in the respective sets of faces.

Most theoretical accounts on facial attractiveness suggest a systematic relationship to

distinctiveness. The direction of this relation, however, is a matter of scientific debate.



Initially, it had been suggested that attractive faces are ‘average’, and thus typical rather than
distinctive. This suggestion is supported by results indicating that an average face, created by
merging a number of individual faces into a single face morph, is typically rated as more
attractive than the individual faces that constitute the morph (Langlois & Roggman, 1990).
Averageness per se, however, cannot fully explain why certain faces are judged as more
attractive than others. For instance, DeBruine, Jones, Unger, Little, and Feinberg (2007)
demonstrated that a morph across highly attractive faces was rated as more attractive than a
morph across randomly chosen faces. In addition, systematic deviations from the average
towards increased sexual dimorphisms (such as pronounced cheek bones in male faces) are
perceived as more attractive than average characteristics (Perrett et al., 1998). Recently, it has
been reported that averageness is attractive in some dimensions (especially those related to
shape information) but not in others (particularly those related to reflectance information;
Said & Todorov, 2011). In sum, it seems justified to conclude that distinctiveness (or
averageness) explains variance in attractiveness ratings, and thus may affect memory
differences between attractive and unattractive faces. Critically, the main question for the
present study was whether and how attractiveness modulates face memory, even when
distinctiveness is held constant for attractive and unattractive faces.

Distinctiveness is traditionally measured with so-called Face-In-The-Crowd (FITC)
ratings, in which participants indicate how likely they would spot a given face in a crowd of
people (e.g., Valentine & Endo, 1992). This measure, however, may not be ideal in the
present context, as attractiveness potentially biases such ratings, i.e., participants may have a
tendency to indicate a high probability of detecting a face in a crowd because it is attractive,
independent of whether the face is typical or distinct (‘I would notice such a beautiful
person’). Deviation measures have therefore been introduced as an alternative to assess
distinctiveness (Wickham & Morris, 2003). Here, participants rate how strongly a face

deviates from typical or average familiar faces. We considered that these two measures of



distinctiveness might only partially relate to the same construct, and would not necessarily
relate to attractiveness in the same manner.

Apart from distinctiveness, other factors may also influence memory for attractive
versus unattractive faces. For instance, a recent socio-cognitive account suggests that
participants’ motivation to individuate faces affects memory (Hugenberg, Young, Bernstein,
& Sacco, 2010). In support of this, participants have been reported to more accurately
recognize faces randomly assigned to their own university, compared to faces assigned to a
different university (Bernstein, Young, & Hugenberg, 2007), a finding which was thought to
reflect the higher motivation to individualize social in- relative to out-group faces. Of
relevance, it has been reported that attractive faces are more likely categorized as belonging to
the viewer’s social in- rather than out-group (Johnson, 1981), and that participants are more
motivated to view attractive faces (Aharon et al., 2001). Accordingly, socio-cognitive
accounts would predict more accurate memory for attractive relative to unattractive faces, an
effect which should be more likely detected if other contributing factors such as
distinctiveness are controlled for.

Importantly, behavioral measures of recognition memory only depict the outcome of a
cascade of cognitive sub-processes. By contrast, the analysis of event-related potentials (ERP)
allows investigating neural correlates of these processes as they unfold over time, and by
inference to identify the underlying cognitive or affective mechanisms. The first component
typically examined in face processing studies is the P1, a positive peak at occipital sites
occurring approximately 100 ms post stimulus presentation. This component is sensitive to
physical stimulus characteristics, such as luminance or contrast (Luck, 2005), and may thus
reflect early stages of visual processing.

The following occipito-temporal N170 (Bentin, Allison, Puce, Perez, & McCarthy,
1996), a negative peak at approximately 170 ms, is typically larger for face stimuli relative to

other object classes (see e.g., Eimer, 2011). It is commonly assumed to reflect structural face



encoding (Eimer, 2000) or the detection of a face-like pattern in the visual field (Amihai,
Deouell, & Bentin, 2011; Schweinberger & Burton, 2003). Previous reports of attractiveness
effects on the N170 are inconsistent, with some studies reporting larger N170 to unattractive
faces (experiment 2 in Halit, de Haan, & Johnson, 2000), others reporting larger amplitudes to
attractive faces (Marzi & Viggiano, 2010), and still others reporting no difference (Roye,
Hofel, & Jacobsen, 2008; Schacht, Werheid, & Sommer, 2008).

Subsequent to N170, a positive occipito-temporal peak is observed at approximately
220-250 ms. This P2 has been interpreted to reflect the processing of metric distances
between facial features (e.g., Latinus & Taylor, 2006) or the perceived typicality of a face
(e.g., Wiese, Kaufmann, & Schweinberger, in press), and is modulated by an observer’s
expertise with a specific facial category (Stahl, Wiese, & Schweinberger, 2008). Interestingly,
a number of recent studies found smaller P2 components for naturally distinctive relative to
more typical faces (Schulz, Kaufmann, Kurt, & Schweinberger, 2012), as well as for spatial
caricatures relative to veridical faces (Kaufmann & Schweinberger, 2012; Schulz, Kaufmann,
Walther, & Schweinberger, 2012). To the best of our knowledge, no previous study examined
attractiveness effects on P2 using natural faces (though Halit et al., 2000, experiment 1, report
a smaller P2 for unattractive faces with artificially increased distances between features).

The following negative wave, the N250, is known to be larger for learned relative to
novel facial identities (Kaufmann, Schweinberger, & Burton, 2009; Tanaka, Curran,
Porterfield, & Collins, 2006). Previous recognition memory studies observed stronger
memory effects in the N250 time range for specific categories of faces, for instance for young
relative to old faces in young participants (e.g., Wiese, Schweinberger, & Hansen, 2008).
Moreover, distinctive faces have been reported to elicit larger N250 amplitudes than typical
faces (Schulz, Kaufmann, Kurt, et al., 2012; Schulz, Kaufmann, Walther, et al., 2012).
Importantly, previous studies also reported more negative amplitudes for attractive relative to

unattractive faces in the so-called early posterior negativity (EPN; e.g., Werheid, Schacht, &



Sommer, 2007). EPN is typically interpreted as reflecting enhanced perceptual processing of
affective stimuli, and has been found to be larger for emotional relative to neutral faces
(Rellecke, Sommer, & Schacht, 2012; Schupp et al., 2004) and for affective relative to neutral
pictures (Schupp et al., 2007). The N250 and EPN originate from different research traditions,
and may therefore be assumed to reflect different processes. However, they substantially
overlap with respect to timing and scalp topography, which may complicate an unequivocal
interpretation of a given ERP effect as reflecting an N250 or EPN in this time range. For the
present study, it was of particular interest whether or not any larger N250/EPN amplitudes for
attractive faces in previous studies were related to enhanced distinctiveness.

Finally, a late posterior component (LPC) typically occurs at centro-parietal scalp sites
and is maximal between 300 and 700 ms. The LPC has been observed to be larger for
affective than neutral pictures (Schupp et al., 2007), for emotional than neutral facial
expressions (Schacht et al., 2008; Schupp et al., 2004), and for distinctive than typical faces
(Schulz, Kaufmann, Kurt, et al., 2012; Schulz, Kaufmann, Walther, et al., 2012). The LPC has
been interpreted as reflecting an engagement towards motivationally significant stimuli
(Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000), and has also been shown to be larger
for attractive relative to unattractive faces (Schacht et al., 2008; Werheid et al., 2007).
Importantly, ERP effects of episodic memory occur in a similar time range. These so-called
old/new effects reflect more positive amplitudes for correctly remembered learned (i.e., hits)
relative to correctly rejected new items (i.e., correct rejections) and are commonly subdivided
into an earlier frontal (300 — 500 ms) and a later more posterior effect (500 - 700 ms; see e.g.,
Rugg & Curran, 2007). While most researchers agree that the later old/new effect reflects
recollection, i.e., the conscious retrieval of study phase detail, the exact processes reflected by
the earlier effect are still debated (e.g., Curran, 2000; Paller, Voss, & Boehm, 2007). Of

particular interest, Marzi and Viggiano (2010) found an early old/new effect for attractive but



not for unattractive faces, which they interpreted as enhanced familiarity-based recognition,
i.e., a stronger feeling of knowing for attractive faces.

In light of the literature discussed above, the aims of the present study were threefold:
First, we aimed at determining effects of attractiveness on face memory while controlling for
effects of distinctiveness. In doing so, we reasoned that the discrepancies regarding effects of
attractiveness on face memory may well reflect differential confounds with distinctiveness
that had been largely neglected in earlier research. Second, we aimed to test whether attractive
relative to unattractive faces elicited larger amplitudes in the N250/EPN and LPC components
when stimuli are matched for distinctiveness, as previous results could similarly have been
confounded by this variable. Finally, the only previous study on ERP correlates of memory
for attractive versus unattractive faces revealed an early old/new effect for attractive faces
only. Again, we wanted to examine whether this effect was related to distinctiveness. To
address these issues, we first conducted a rating experiment in which two measures of
distinctiveness (deviation and FITC) and attractiveness were assessed in a large set of face
stimuli. In a second step, we then tested ERP correlates of recognition memory for subsets of

attractive and unattractive faces that were matched for distinctiveness.

2. Rating study

2.1. Methods
2.1.1. Participants

20 participants (18 — 35 years; M = 23.8 years + 3.08 SD; 10 female) were recruited
and gave written informed consent prior to testing. All participants reported normal or

corrected to normal vision and were right-handed as assessed by the Edinburgh Handedness



Inventory (Oldfield, 1971). None of the participants reported neurological or psychiatric

disorders. Participants received either course credit or monetary reimbursement after testing.

2.1.2. Stimuli

We collected 560 full-color facial photographs of young adults (50 % female faces)
from various internet sources. Using Adobe Photoshop CS5™ all pictures were cropped to
show only the face without clothing or hair, and placed before a standardized black
background with a constant image size of 440 x 400 pixels, corresponding to a viewing angle
of approximately 7.4° x 6.9° at a viewing distance of 90 cm. Luminance of each individual
face (without background) was equated to match the overall mean luminance of all faces by
employing gradation curve adjustments in Photoshop. All stimuli were presented on a 17’

CRT computer monitor using E-Prime™.

2.1.3. Procedure and experimental design

Participants were seated in a dimly lit room with their head in a chin rest positioned
approximately 90 cm away from a computer screen. In one block, participants were asked to
rate the attractiveness of every face on a six-point scale (from 1 = very unattractive to 6 =
very attractive). In one further block, a face-in-the-crowd (FITC) measure of distinctiveness
for each of the faces was obtained following Valentine and Bruce (1986). Participants were
instructed to rate distinctiveness on a scale between 1 (very lowly distinctive) and 6 (very
distinctive) by asking themselves how easily they would spot the face in a group of people
(e.g., a crowded platform). In a third block, a second measure of distinctiveness was assessed
using an adapted version of the deviation ratings used by Wickham and Morris (2003).
Participants were asked to rate typicality based on the extent to which the presented faces
deviated from other faces that they know on a scale between 1 and 6 (1 = very typical to 6 =
very atypical). To avoid any systematic effect of a previous task on the present block, task

order was randomized across participants.
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Each participant was presented with one of two subsets of 280 pictures (50% female,
respectively). Images remained on the screen until a response was recorded, and participants

were instructed to respond as spontaneously as possible.

2.2. Results

A common measure of inter-rater reliability indicated good agreement for
attractiveness ratings (Cronbach’s alpha = .86). In addition we calculated the permeation
coefficient (see Bronstad & Russell, 2007), which reflects the proportion of shared variance
(") between an individual rater and the average ratings. The mean coefficient was 0.44
(£ 0.11 SD), and substantially larger than the values reported in Bronstad & Russell (2007),
again indicating good inter-rater agreement.

On average, faces were rated as being slightly less attractive than the mid-point of the
scale (M = 3.08 +£0.03 SD). Similarly, on average, face stimuli were rated as rather non-
distinctive, both on the FITC (M = 3.09 £ 0.03 SD) and the deviation scale (M = 2.96 +0.03
SD)'. To analyze interrelations between these measures, Spearman’s Rho (p) was calculated
for each combination of these variables. Importantly, this procedure revealed a significant
positive correlation between rated attractiveness and the FITC measure (p[558]= .24,
p<.001), but a negative correlation between attractiveness and the deviation measure
(p[558] =-.35, p <.001). Accordingly, more attractive faces were rated as more distinct as
assessed by the FITC measure, but were rated as less distinct as assessed by the deviation
measure. Finally, a significant positive correlation between the FITC and deviation measures
was observed, (p[558] = .46, p <.001). Overall, this pattern of results suggests that a non-
shared portion of variance between the FITC and deviation measures largely drives the

reversed correlations with the attractiveness measure.

' To compare the difficulty of the FITC and deviation task, we analyzed response times, which were highly
similar (FITC: M =2007.84 + 708.68 SD, deviation: M =2016.61 + 830.58 SD; [19]=.097, p=0.923, Cohen’s d
=0.01).
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To further investigate the independent and combined influences of both distinctiveness
measures on attractiveness ratings, stepwise multiple linear regression analyses were
performed using deviation and FITC as regressors. Deviation alone significantly predicted
perceived attractiveness explaining 12 % of its variance (R?=.12; p =-.35; F[1, 558] = 76.24;
p <0.001). In a second model, FITC alone yielded a significant relation, explaining 6.1 % of
variance (R?=.061; p =.25; F[1, 558] = 37.34; p < .001). Taking both predictors into account
in a combined model resulted in a significant increase in explained variance as compared to
both single-regressor models (R%ombined = .37; F[1,557] = 164.1; Bpeviation = --65; Prirc = .58;
p <.001; AR%eviation = .25, AFpeviation[l, 557]= 221.82; p < .001; AR%mrc¢ = .31,

AFFITC[1,557]= 27282,p < 001)

3. Recognition Experiment

3.1. Methods
3.1.2. Participants

We recruited 20 participants (ten female, mean age = 24 years + 2.4 SD, all right-
handed according to the Edinburgh Handedness Inventory), who had not participated in the
rating experiment. Data from five additional participants had to be excluded from analyses
due to insufficient trial numbers for ERP averaging (N < 15) and/or chance performance in
the memory task. All participants reported normal or corrected to normal vision, and none
reported neurological or psychiatric disorders. All participants either received a monetary

compensation of 5€/h or course credits, and gave written informed consent prior to testing.

3.1.2. Stimuli

Two hundred faces rated as either unattractive (M = 2.17 £ 0.32 SD) or attractive (M =
4.19 + 0.43 SD) were chosen from the stimulus pool of Experiment 1 (50% female,

respectively), with the mean of each category being approximately equidistant from the mean
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rated attractiveness in the whole set of Experiment 1. To minimize saccades during EEG-
recording, image size was down-sampled to 275 x 250 px, corresponding to a viewing angle
of approximately 4.6° x 4.4° at a viewing distance of 90 cm. Importantly, faces in both
attractiveness groups were matched as closely as possible for deviation (Magractive =
3.11 £ 0.49 SD; Mnattractive = 3.24 £0.56 SD). At the same time, FITC ratings for attractive
faces were slightly higher relative to unattractive faces (Matractive = 3.48 £ 0.59 SD; Munattractive
=2.74 4+ 0.67 SD). We decided to match the stimuli for perceived deviation rather than the
FITC score, as this measure was presumably less biased (see introduction) and additionally
explained more variance in the attractiveness ratings. Mann-Whitney-U tests were calculated
to test for differences between stimulus ratings. The two face categories differed significantly
with regard to attractiveness (U= 10,000.00; z=12.23; df = 198; p<.001; r=.86), as
expected, but not with respect to deviation (U =4,291.5; z=-1.73; df = 198; p =.083; r=-
.12). By contrast, the test of the FITC measure revealed higher scores for attractive relative to

unattractive faces (U = 8,206.50; z = 7.84; df = 198; p <.001; r = .55).

3.1.3. Experimental Design and Procedure

Participants were seated in an electrically shielded and sound-attenuated cabin (400-A-
CT-Special, Industrial Acoustics, Niederkriichten, Germany), with their head in a chin rest
approximately 90 cm away from a computer monitor. Each session began with a short
practice block, which was excluded from data analysis. The main experiment consisted of 4
blocks, each divided into a study and a subsequent test phase. During each study phase 25
faces (50% attractive, 50% female across blocks) were presented in randomized order.
Participants were instructed to categorize the faces according to gender via key presses and
memorize them. Each study trial consisted of a fixation cross (500 ms), followed by a face
stimulus (5 s) and a final blank screen (500 ms). Study and test phases were separated by

fixed breaks of 30 s duration. In each of the subsequent test phases, those 25 faces shown in
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the immediately preceding study phase and additional 25 new faces were presented for 2000
ms in randomized order. Thus, across blocks, 50 old attractive, 50 old unattractive, 50 new
attractive, and 50 new unattractive faces were presented during the test phases. Each test
phase trial started with an initial fixation cross (500 ms) and ended with a blank screen (500
ms). Participants were instructed to indicate via key presses whether the faces had been
presented in the preceding study phase (“old”) or not (“new”). In case of an “old” response,
an additional remember/know/guess decision was requested (see Gardiner & Richardson-
Klavehn, 2000). Key allocation and assignment of stimuli to studied or non-studied conditions
was counterbalanced across participants.

For the study phases, mean correct reaction times (RT) and accuracies served as
dependent variables. Behavioral test phase data was analyzed according to signal detection
theory (Green & Swets, 1966). Trials were sorted into hits (correctly identified studied faces),
misses (studied faces wrongly classified as new), correct rejections (CR, new faces correctly
identified as new), and false alarms (FA, new faces wrongly classified as studied), separately
for attractive and unattractive faces. Measures of sensitivity (d”) and response bias (C) were
calculated. Statistical analyses were performed by means of paired samples t-tests and
repeated-measures analyses of variance (ANOV As), with degrees of freedom corrected via

the Greenhouse-Geisser procedure where appropriate.

3.1.4. EEG recording and analyses

EEG was recorded from 32 active sintered Ag/Ag-Cl electrodes using a Biosemi
Active II system (BioSemi, Amsterdam, Netherlands). Please note that BioSemi systems work
with a “zero-Ref” set-up with ground and reference electrodes replaced by a so-called

CMS/DRL circuit (cf. http://www.biosemi.com/fag/cms&drl.htm for further information).

EEG was recorded continuously with a 512-Hz sample rate from DC to 155 Hz. Recording

sites corresponded to an extended version of the 10-20-system (Fz, Cz, Pz, 1z, FP1, FP2, F3,
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F4, C3, C4, P3, P4, O1, 02, F7, F8, T7, T8, P7, P8, F9, F10, FT9, FT10, TP9, TP10, P9, P10,
PO9, PO10, I1 and 12).

Blinks were corrected using the algorithm implemented in BESA 5.1.8 (see Berg &
Scherg, 1994). EEG was then segmented from —200 until 1000 ms relative to stimulus onset,
with the first 200 ms serving as a baseline. Artifact rejection was carried out using an
amplitude threshold of 100 pV and a gradient criterion of 50 uV. Only trials with correct
responses in the study and test phase (hits, CR) were analyzed. The remaining trials were
recalculated to average reference, averaged according to experimental condition and digitally
low-pass filtered at 40 Hz (12 db/oct, zero phase shift). Three different waveforms (study
phase, hits, CR) were calculated separately for attractive and unattractive faces. The minimum
number of trials for an individual subject in any of these conditions was 15 (mean number of
trials = 32.4).

Mean amplitude of the P1 (100 — 140 ms) was analyzed at O1/02, while mean
amplitudes of N170 (145 - 185 ms), P2 (220 - 270 ms), and N250/EPN (270 - 400 ms) were
analyzed at electrode sites P9/P10. Two additional time windows (300 — 500 ms and 500 —
700 ms) were inspected at electrodes Fz, Cz, Pz, F3, F4, C3, C4, P3, P4, to capture the LPC

and old/new effects at test (see e.g. Rugg & Curran, 2007).

3.2. Results
3.2.1. Behavioral Results

During learning, gender categorizations were slightly faster on average for attractive
than unattractive faces (¢[19] =-2.13; p = .047; d = -0.15; see Table 1). Attractive faces were
also categorized more accurately than unattractive faces (/[19] = 5.92; p <.001; d = 1.96).

At test, a paired samples t-test on d’ revealed less accurate memory for attractive as

compared to unattractive faces ({19] = -3.5; p = .002; d = -0.70)*. Moreover, the response

* Following a reviewer’s suggestion, we additionally inspected effects of participant and stimulus sex on
memory for attractive and unattractive faces in an exploratory analysis to test whether memory would be more
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bias measure C was less conservative for attractive relative to unattractive faces
(?[19]1=-7.7; p < .001; d = -1.00).

An additional analysis on correct responses was conducted by calculating a repeated-
measures ANOVA with the factors attractiveness (attractive, unattractive) and response type
(correct rejections, hits). This analysis yielded a significant main effect of response type, with
more correct rejections than hits (F[1,19] = 6.44; p = 0.02; np*> = 0.25), as well as a significant
interaction (F[1,19] = 24.73; p <0.001; np? = 0.57). Pairwise comparisons revealed higher hit
rates (¢{19] = -2.85; p = 0.01; d = 0.43), but lower correct rejection rates for attractive relative
to unattractive faces (f[19] = 4.43; p <0.001; d = -0.87), again reflecting a less conservative
criterion for attractive faces.

To analyze the ‘Remember/Know’ ratings, the mean percentage of remember, know,
and guess responses for each face category relative to all possible hits per condition (N = 50)
was calculated (see e.g. Gardiner, Java, & Richardson-Klavehn, 1996; see Table 1; Gardiner
& Richardson-Klavehn, 2000). A repeated-measures ANOVA with attractiveness (attractive,
unattractive) and response type (remember, know, guess) was calculated. This analysis
revealed significant main effects of attractiveness (£11,19] = 8.33; p =.009; n,> = 0.31),
indicating overall more judgments for attractive than unattractive faces (reflecting the higher
hit rate for attractive faces). A further main effect of response type (F[1.12,21.29] = 93.16;

p <.001; ny* = 0.83) reflected substantially more remember relative to know responses, which
in turn were more frequent than guess responses. More importantly, the response factor did
not interact with attractiveness (£[2,38] = 1.6; p = .215; n,> = 0.08), which is suggestive of
similar contributions of recollection and familiarity to the recognition of attractive versus

unattractive faces.

accurate for attractive opposite-sex faces. A corresponding mixed-model ANOVA revealed no significant
interaction of stimulus sex x participant sex x attractiveness (' < 1). Numerically, attractive faces were
remembered less accurately than unattractive faces in all combinations of participant and stimulus sex.
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To test for a potential influence of distinctiveness as assessed by the FITC measure on
memory, an additional item analysis was conducted. A univariate ANCOVA with item d’ as
cases, attractiveness as a two-level between-items factor, and FITC as a covariate yielded a
significant effect of FITC (F[1,197] = 17.69; p <.001; n,*> = 0.08), with larger FITC scores
relating to more accurate memory. Importantly, the main effect of attractiveness, with more
accurate memory for unattractive relative to attractive faces, was still significant in this

analysis (£11,197] = 21.87; p <.001; n,*> = 0.10).

3.2.2. Event-related Potentials

For the learning phase, ERP analyses were conducted by calculating repeated-
measures ANOV As with the within-subject factors attractiveness (attractive, unattractive) and
hemisphere (left, right). For the test phases, the additional factor response type (hits, CR) was
included. In our report of ERP analyses below, we focus on effects of facial attractiveness,
memory and interactions of these factors. Main effects and interactions with factors
exclusively specifying electrode positions are omitted.

During learning, no significant main effects or interactions of interest were found in
P1,N170 and P2 (all Fs <2.75, all ps > .114; see figure 1). Although P1 amplitude was
slightly larger for unattractive faces at electrode O2 during learning (see figure 1), no
significant interaction of hemisphere x attractiveness was observed (F[1,19] = 1.59; p = .222;
np> = 0.078).

In the N250 time range, attractive faces elicited more negative amplitudes than
unattractive faces (Mar = -2.33 uV £ 0.46 SD; Myparer = -1.62 nV £ 0.49 SD; F[1,19] = 10.40;
p =.004; > = 0.35). Critically, this difference in N250 during learning (mean amplitudes of
unattractive — attractive faces, measured at P10) correlated significantly with the differences
in d’ at test (unattractive — attractive faces; 7[18] = .545; p = .013). No significant analogous

correlation was obtained with the difference in response criterion C at test (#[18] =.316; p =
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.174). Moreover, to analyze the LPC, two repeated-measures ANOV As with topographical
factors laterality (left, midline, right) and site (frontal, central, parietal) were calculated for
two time ranges (300-500 ms, 500-700 ms). In the 300-500 ms time window a main effect for
attractiveness was found (Myr = 2.72 uV £ 0.49 SD; Myparr = 1.79 pV + 0.46 SD;
F[1,19] = 13.11; p = .002; ny*> = 0.41), reflecting larger amplitudes for attractive relative to
unattractive faces (see figure 2). A corresponding main effect of attractiveness was also
observed between 500-700 ms (M = 4.38 uV £ 0.48 SD; Mynar = 3.55 pV + 0.43 SD;
F[1,19]1=7.14; p = .015; n,> = 0.27). LPC attractiveness effects measured at Cz did neither
correlate significantly with attractiveness effects in d’ nor C (all | | rs | [18] <.224, all ps >
344).

At test, no significant effects of interest were observed in P1 and N170 (see figure 3).
Of note, in the N170 time range a statistical trend for a main effect of attractiveness was
found (F[1,19] = 4.08; p = 0.058; n,*> = 0.18), indicating marginally larger N170 amplitudes
for attractive faces. In the subsequent P2 time range, a main effect of attractiveness was
observed (Myu = -1.97 uV =+ 0.58 SD; Mynarer = -1.49 uV £ 0.50 SD; F[1,19]1=7.50; p = 0.013;
np” = 0.28), with attractive faces eliciting smaller P2 amplitudes. Similarly, in the N250 time
range, attractive faces elicited more negative amplitudes than unattractive faces (M = -
3.07 pV £ 0.54 SD; Mynawr = -2.21 pV £ 0.49 SD; F[1,19] =21.91; p <0.001; ny* = 0.54).
Additionally, an effect of response type (Mhiis = -2.84 uV + 0.55 SD; Mcr = -2.43 pV
+0.48 SD; F[1,19] =5.31; p <0.033; n,*> = 0.22) reflected more negative N250 amplitudes for
hits compared to CR. Neither the attractiveness effects in P2 nor in N250 at P10 correlated
significantly with the attractiveness effects in d’ or C (all | | rs | [18] <.306, all ps > .190).

An ANOVA in the 300 — 500 ms time window at frontal, central, and parietal
electrodes, with the factors laterality, site, response type, and attractiveness yielded a
significant main effect of response type (Mhits = 2.15 uV + 0.47 SD; Mcr = 1.74 pV £ 0.46

SD; F[1,19] = 7.28; p = 0.014; n,*> = 0.28; see figure 4), with more positive amplitudes for
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hits. This main effect was further qualified by an interaction of laterality x response type,
suggesting larger old/new effects over midline electrodes (left: Myis = 1.67 pV + 0.46 SD;
Mcr =1.32 pV + 0.47 SD, midline: Mpis = 2.38 uV £0.59 SD; Mcr = 1.76 pV + 0.55 SD,
right: My =2.4 uV £ 0.44 SD; Mcr = 2.14 uV + 0.46 SD; F[1,19]1 =3.81; p =0.031;
np> = 0.17).

An additional main effect of attractiveness (May = 2.32 uV £ 0.49 SD;
Mnawe = 1.58 pV £ 0.45 SD; F[1,19] = 17.65; p < 0.001; n,* = 0.48) reflected more positive
amplitudes for attractive faces, which, however, did not interact significantly with response
type (F < 1). Interestingly, the attractiveness effect at Cz in this time range correlated
significantly with the attractiveness effect in d’ (#[18] = .544; p = .013), but not with the
analogous effect in C (7[18] =.051; p = .832). In the 500 — 700 ms time range, a main effect
of response type was found (Mpuis = 3.69 puV £ 0.45 SD; Mcr = 3.08 pV £ 0.46 SD;
F[1,19] =5.32; p = 0.032; n,> = 0.22), which again did not interact with attractiveness (F < 1).
Furthermore, a main effect of attractiveness was detected (Mur = 3.73 pV £ 0.46 SD;
Mnaiee = 3.05 nV +£ 0.42 SD; F[1,19] = 13.91; p <0.001; np*> = 0.42), reflecting larger
amplitudes for attractive faces. The attractiveness effect at Cz between 500 and 700 ms did
neither correlate with the attractiveness effect in d” (#[18] = -.214; p = .365) nor C (r[18] = -

107; p = .655).

4. Discussion

The present study examined effects of attractiveness on face memory. For that purpose
we assessed two measures of distinctiveness (FITC and deviation) as well as attractiveness for
a large set of faces in a rating study, and used a subset of these stimuli that were matched for
deviation scores in a recognition paradigm. With respect to the first aim stated in the

introduction, we observed an effect of attractiveness on face memory (as measured with d’),
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reflecting more accurate recognition of unattractive relative to attractive faces, over and above
the well-known distinctiveness effect. Of note, at the same time attractive faces were more
likely rated as studied by our participants, independent of whether this was actually the case
or not, which was reflected by increased hit and reduced correct rejection rates, and
consequently by a less conservative response bias. Pertaining to our second research question,
the occipito-temporal N250/EPN was more negative and the LPC was more positive for
attractive relative to unattractive faces. Attractiveness effects in these ERP components are
therefore independent of deviation-based distinctiveness. Finally, ERP old/new effects were
not modulated by attractiveness, and previous reports of early old/new effects for attractive
but not unattractive faces may thus reflect a potential confound of uncontrolled
distinctiveness. An important additional finding was that the attractiveness effect in
N250/EPN during learning correlated significantly with the attractiveness effect in memory at
test. We discuss these findings in more detail below.

In our rating study, the two measures of distinctiveness were positively related.
However, under an assumption that both measures assess the same construct, this correlation
was surprisingly small. More importantly, whereas FITC was positively correlated to
attractiveness, the correlation between deviation and attractiveness was negative. This
indicates that, at least to some extent, the two operationalizations of distinctiveness capture
qualitatively different aspects of the construct. While the present data alone do not permit a
detailed specification of these aspects, Vokey and Read (1992) suggested that typicality (or
distinctiveness) can be subdivided into two components: context-free familiarity and
memorability. Whereas familiarity relates to a feeling of knowing a face resulting from
similarity with previously encountered faces, memorability is supposed to reflect a meta-
memorial judgment how easy a face will be remembered. We speculate that deviation, as
measured in the present study, is more closely related to familiarity, and that the FITC

measure is stronger related to memorability. Notably, the shared variance between both
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measures cannot account for the reversed relationship of each variable with attractiveness.
These results indicate that the relation between distinctiveness and attractiveness observed in
a particular study critically depends on the exact measures used (see also Wickham & Motris,
2003).

We matched the subsets of stimuli for the main experiment on the basis of the
deviation scores, since deviation is conceptually closely related to distinctiveness defined as
the respective difference between an individual and a prototypical face (see e.g., Valentine,
1991). This difference also determines attractiveness according to averageness accounts
(Langlois & Roggman, 1990). Furthermore, in the present context the FITC measure may be
biased by meta-cognitions of the participants. More specifically, as suggested in the
introduction, when asked how likely they would notice a given face in a crowd, participants
may confuse their distinctiveness judgments with a tendency to favor attractive over
unattractive faces (‘I would notice such a beautiful face’). Of note, however, our finding of
more accurate memory for unattractive faces was also observed in an item analysis, which
additionally took variations in FITC into account. In that sense, the finding of superior
memory for unattractive faces does not depend on the specific operationalization of
distinctiveness.

Overall, our study is the first to establish a role of attractiveness on face memory
irrespective of distinctiveness. Our findings contrast with the suggestion of enhanced memory
for faces that elicit stronger affective processing (see e.g., Marzi & Viggiano, 2010), to the
extent that this was presumably the case for attractive faces in the present study as well (see
ERP findings below). Moreover, our finding is also at variance with predictions derived from
socio-cognitive accounts of face memory (Hugenberg et al., 2010), which would suggest more
accurate recognition of attractive faces resulting from a stronger motivation to view such

stimuli (see e.g., Aharon et al., 2001).
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Alternatively, more accurate memory for unattractive faces may be related to
differences in our learning task. More specifically, participants were slightly faster on average
to categorize the gender of attractive faces, which may be well due to differences in sexual
dimorphism in those groups of faces (Perrett et al., 1998). One might assume that elongated
processing of unattractive faces during categorization may have led to increased memory. We
consider this explanation unlikely, because all face stimuli were presented for 5 s during
learning, and a detailed encoding of all faces, independent of RT in the categorization task,
was well possible after the gender decision was made. Comparably small differences in RT
(approximately 50 ms) are thus unlikely to substantially affect memory encoding, particularly
as participants were informed about the mnemonic nature of the experiment. In addition, if the
attractiveness effect during learning were related to the later memory advantage for
unattractive faces, one would assume that the two effects are interconnected. However, the
difference in RTs was not significantly correlated with the memory advantage for unattractive
faces (r[18] =-.25, p = .29).

Finally, while differences in sensitivity were the main focus of the present study, an
interesting additional finding was that the response criterion was less conservative, or
relatively more liberal, for attractive faces. In other words, attractive faces are more likely
judged as previously seen, regardless of whether or not they were actually presented. This
finding is reminiscent of similar results concerning the role of emotional expression and face
memory, which are suggestive of a bias towards more liberal responses for faces with positive
or happy expressions (Baudouin, Gilibert, Sansone, & Tiberghien, 2000; Lander & Metcalfe,
2007), or for emotional as compared to neutral faces (Johansson, Mecklinger, & Treese,
2004).

In the present study, no effects of attractiveness were observed in early ERP
components, which is in line with previous findings of no differential amplitudes for attractive

relative to unattractive faces in P1 (Roye et al., 2008; Schacht et al., 2008; Werheid et al.,
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2007) and N170 (Roye et al., 2008; Schacht et al., 2008). Both components are influenced by
the luminance of the stimuli (for a recent discussion see e.g., Rossion & Jacques, 2008),
which was controlled in the present experiment but not in former studies that reported
attractiveness effects in these components (Halit et al., 2000; Marzi & Viggiano, 2010). Here,
the earliest ERP attractiveness effect was observed in the test phase P2, with more positive
amplitudes for unattractive faces. P2 has been shown to be more positive for veridical relative
to spatially caricatured (Schulz, Kaufmann, Walther, et al., 2012), as well as for typical
relative to naturally distinct faces (Schulz, Kaufmann, Kurt, et al., 2012). As the stimuli in the
present study were matched for distinctiveness, attractiveness appears to affect P2 amplitude
in addition to the distinctiveness effect described in these previous studies. Of note, in our
rating study we observed that more faces were rated as being unattractive than attractive,
which may suggest that attractive faces tend to be less frequent. If so, a larger P2 may relate
to more common (rather than prototypical) faces. It should be noted, however, that
attractiveness effects in P2 were not significant during learning. Hence, it is also possible that
the more pronounced negativity for attractive faces apparent in the subsequent N250 time
range (see below), and thus the processes associated with this ERP effect, started earlier in the
test relative to the learning phase (which may be related to task factors, such as more efficient
processing of attractiveness at test when no prior categorization of the faces according to
gender is necessary), thus influencing the P2 amplitude measurement during the 220 to 270
ms time segment (cf. Figures 1 and 3).

The earliest ERP attractiveness effect consistently observed in both learning and test
phases occurred in the N250/EPN time range. Similar to previous studies (Marzi & Viggiano,
2010; Werheid et al., 2007), attractive faces elicited more negative amplitudes than
unattractive faces. Importantly, the observed correlation of this ERP effect during learning
with the magnitude of the memory advantage for unattractive faces at test suggests a

functional link between the two measures. It is not clear whether this effect is best interpreted
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as reflecting an N250 or EPN modulation. On the one hand, an interpretation in terms of an
N250 learning effect appears less plausible, as typically those faces remembered more
accurately elicit a larger N250 (Schulz et al., 2012a, b). On the other hand, a more pronounced
EPN is commonly interpreted to reflect stronger affective processing (Schupp et al., 2004).
Accordingly, the present finding may suggest that those participants with stronger affective
processing of attractive faces during learning were particularly poor at remembering them at
test. This finding is reminiscent of similar ERP results on the own-race bias (i.e., the finding
that own-race faces are more accurately remembered than other-race faces; see e.g., Meissner
& Brigham, 2001). In a recent study from our group (Wiese et al., in press), which yielded the
standard memory bias, we observed more negative N250/EPN amplitudes for other-race
faces. One might suggest that such effects reflect the processing of characteristics that make
faces emotionally salient (e.g., characteristics related to high attractiveness or ethnic out-
group membership), which is not necessarily the same information that makes faces unique
and therefore easy to recognize.

Although such disruptive effects of emotional content have not been described
previously in the context of face memory, similar phenomena are known from other areas of
research. For instance, in the emotional Stroop task, irrelevant emotional words interfere more
strongly with color naming than neutral words (e.g. McKenna & Sharma, 1995). Moreover,
participants are slower to respond in a shape discrimination task when emotional images are
presented as distracters (Mitchell et al., 2008). Similarly, we propose that a more negative
N250/EPN for specific face categories hampers rather than supports memory. More
specifically, the affective processing of attractive faces during learning may have impeded a
detailed perceptual analysis of facial identity’, resulting in less efficient encoding into

memory.

? Please note that the finding from the learning phase of faster gender classification for attractive faces is not
necessarily in contradiction with this idea, since any cost to perceptual processing could be more than offset by
the fact that attractive faces tend to be more sexually dimorphic than unattractive faces (Perrett et al., 1998).
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At the same time, N250 amplitudes are typically larger for learned relative to novel
faces (Kaufmann et al., 2009; Tanaka et al., 2006), an effect that was also detected in the
present study. This learning effect, which may represent accessing a newly-established mental
representation of a previously unfamiliar face, seems to add up with the above described face
category effect both in the present study and in previous reports on the own-race bias (Wiese
et al., in press). While the exact processes underlying category and learning effects in the
N250/EPN time range are not entirely clear at present, it appears that they reflect different
cognitive or affective mechanisms, with opposite effects on memory.

In the 300 to 700 ms time windows the LPC was larger for attractive relative to
unattractive faces, replicating previous findings (Marzi & Viggiano, 2010; Werheid et al.,
2007). Larger LPC amplitudes have also been observed for affective relative to neutral stimuli
(Schacht et al., 2008; Schupp et al., 2004). In the present study the ERP effect in the earlier
time range at test correlated significantly with the attractiveness effect in memory, suggesting
that enhanced affective processing of attractive faces interferes with retrieval from face
memory.

Finally, ERPs at test revealed significant old/new effects, both in the earlier (300 — 500
ms) and later (500 — 700 ms) time windows. These old/new effects were not significantly
modulated by attractiveness, which suggests comparable contributions of familiarity and
recollection to memory for attractive and unattractive faces (for an alternative interpretation
of early old/new effects in terms of conceptual priming, see Paller, Voss, & Westerberg,
2009). Similarly, remember/know judgments also revealed no differential pattern for
attractive versus unattractive faces. This ERP finding is at variance with a previous
experiment that found an early old/new effect for attractive but not unattractive faces (Marzi
& Viggiano, 2010), which was interpreted as reflecting enhanced familiarity for the former
category. A critical difference of the present to this previous study lies in the fact that we

matched attractive and unattractive faces for distinctiveness, and the absence of a differential
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old/new effect in the present study may be related to this matching. At the same time, larger
early old/new effects in Marzi and Viggiano’s study (2010) may have occurred due to
differences in distinctiveness rather than attractiveness.

In conclusion, the present study suggests that attractiveness modulates face memory
over and above the well-known effect of distinctiveness. Since our ERP results in the
N250/EPN and LPC time windows indicate enhanced affective processing of attractive faces,
our finding of less accurate memory for attractive faces is not in line with the general idea that
any kind of affective processing is beneficial for face memory. Critically, the significant
correlation between N250/EPN attractiveness effects during learning and the magnitude of the
later memory bias suggests that pronounced affective processes, which accompany the
perception of attractive faces, hamper the detailed encoding of facial identity and therefore
reduce later recognition. Overall, the present findings reveal novel insights into the cognitive

and neural mechanisms underlying attractiveness effects on face memory.
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Figure captions

Figure 1. Grand mean ERPs from the learning phases of the recognition memory experiment
at occipital and occipito-temporal electrodes. Dashed lines indicate N170, P2, and N250 time

ranges.

Figure 2. Grand mean ERPs from the learning phases of the recognition memory experiment
at frontal, central and parietal electrodes. Dashed lines indicate early (300-500 ms) and late

(500-700 ms) LPC time ranges.

Figure 3. Grand mean ERPs from the test phases of the recognition memory experiment at
occipital and occipito-temporal electrodes. Dashed lines indicate N170, P2, and N250 time

ranges. CR = Correct Rejections.

Figure 4. Grand mean ERPs from the test phases of the recognition memory experiment at
frontal, central and parietal electrodes. Dashed lines indicate early (300-500 ms) and late

(500-700 ms) old/new effect time ranges. CR = Correct Rejections.



Table 1

Table 1: Behavioral data from the main experiment
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Attractive Faces

Unattractive Faces

Study phases
RT (ms)
ACC

Test phases
p (hit)
p (correct rejections)
d’
C

‘Remember/Know’ rating
p (remember)
p (know)
p (guess)

1051.2 +£355.5 SD
.99 +0.02 SD

76 £0.12 SD
.78 £0.14 SD
1.65+0.50 SD

.07+0.41 SD

.52+0.16 SD
.19+0.10 SD
.02+0.03 SD

1103.5 +£356.2 SD
.94 +0.03 SD

J1+0.11 SD
.89+0.11 SD
2.09+0.73 SD
46+0.37 SD

49+0.15SD
.17+0.08 SD
.02+0.05 SD
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