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Neural responses to facial attractiveness: Event-related potentials 
differentiate between salience and valence effects 
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A B S T R A C T   

We examined the neural correlates of facial attractiveness by presenting pictures of male or female faces (neutral 
expression) with low/intermediate/high attractiveness to 48 male or female participants while recording their 
electroencephalogram (EEG). Subjective attractiveness ratings were used to determine the 10% highest, 10% 
middlemost, and 10% lowest rated faces for each individual participant to allow for high contrast comparisons. 
These were then split into preferred and dispreferred gender categories. ERP components P1, N1, P2, N2, early 
posterior negativity (EPN), P300 and late positive potential (LPP) (up until 3000 ms post-stimulus), and the face 
specific N170 were analysed. A salience effect (attractive/unattractive > intermediate) in an early LPP interval 
(450–850 ms) and a long-lasting valence related effect (attractive > unattractive) in a late LPP interval 
(1000–3000 ms) were elicited by the preferred gender faces but not by the dispreferred gender faces. Multi- 
variate pattern analysis (MVPA)-classifications on whole-brain single-trial EEG patterns further confirmed 
these salience and valence effects. It is concluded that, facial attractiveness elicits neural responses that are 
indicative of valenced experiences, but only if these faces are considered relevant. These experiences take time to 
develop and last well beyond the interval that is commonly explored.   

1. Introduction 

Attractiveness has a major impact on how people are perceived and 
treated. Attractive people are judged and treated more positively than 
unattractive people (Langlois et al., 2000). They are, for instance, 
perceived as more intelligent, intellectually competent, sociable, trust
worthy, to be more competent spouses, lead happier lives, and as having 
a more positive emotional expression than unattractive people (Fein
gold, 1992; Golle et al., 2014; Dion et al., 1972; Jackson et al., 1995; Ma 
et al., 2015; Ma et al., 2016). It is therefore of interest to explore the 
neural basis of the perception of attractiveness. One way to do so is by 
studying the event-related potentials (ERPs) to faces that differ in terms 
of attractiveness. However, extant ERP research on facial attractiveness 
has produced inconsistent and confusing results. In the present study we 
aim to provide clarity on this matter by measuring ERPs to maximally 
distinct attractiveness categories in a large sample of participants. 

1.1. Attractiveness related ERP components 

Through a search on Web of Science with keywords: “attractiveness 
and (ERP or EEG) and (face or facial)” in January 2023, we identified 18 
studies that reported on ERP effects to images of faces with varying 
levels of attractiveness and minimal emotional expression (Table 1). 

Differentiating effects in early ERP components (<300 ms) have been 
reported infrequently and inconsistently (see Table 1). Effects in the P2 
component are reported more often than others, but in opposite di
rections. Effects on the early posterior negativity (EPN) component have 
been reported as greater amplitudes to attractive compared to unat
tractive faces by a few studies (Marzi & Viggiano, 2010; Werheid et al., 
2007; Wiese et al., 2014). 

Labelling of the observed ERP components is notoriously diverse 
with sometimes debatable appropriateness, especially in the late (>300 
ms) interval. In an attempt to bring consistency in the labelling of ERP 
components, in the present work we refer to the P300 component if a 
component’s peak latency (between 300 and 500 ms) and topography 
were fitting. The remaining late effects are referred to as late positive 
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potential (LPP) (see Table 1). 
The most frequent and consistent ERP modulations to facial attrac

tiveness are those in the P300 with larger amplitudes for attractive 
compared to unattractive [A>U] and/or intermediate attractive faces 
[A>M] (Roye et al., 2008; Marzi & Viggiano, 2010; Zhang & Deng, 
2012; Zhang et al., 2011; Oliver-Rodriguez et al., 1999; Ma, Qian, et al., 
2017; Munoz & Martin-Loeches, 2015; Schacht et al., 2008; Ma, Zhang, 
et al., 2017; Ma et al., 2015). 

Effects on LPP amplitudes (500–800 ms) have been reported 
frequently but in multiple directions. Some studies find larger ampli
tudes for attractive and unattractive compared to intermediate attrac
tive faces [A/U>M] (Schacht et al., 2008; Marzi & Viggiano, 2010; 
Munoz & Martin-Loeches, 2015). However, larger amplitudes for 
attractive compared to unattractive faces [A>U] (van Hooff et al., 2011; 
Werheid et al., 2007; Ma, Zhang, et al., 2017; Johnston & 
Oliver-Rodriguez, 1997, or the opposite [U>A] (Chen et al., 2012; Roye 

et al., 2008) have also been reported. Therefore, no conclusion can be 
drawn from the literature regarding LPP sensitivity to attractiveness. 

The overall pattern of ERP responses to facial attractiveness does not 
allow for clear conclusions. Inconsistencies are likely due to differences 
in experimental setup, stimulus materials, and statistical methods. 
Fitting their specific research question, some previous studies have 
omitted an intermediate attractiveness category (Chen et al., 2012; Halit 
et al., 2000; Ma, Qian, et al., 2017; Ma et al., 2015; Ma, Zhang, et al., 
2017; Roye et al., 2008; Werheid et al., 2007; Wiese et al., 2014; Zhang 
et al., 2011; Zhang & Deng, 2012; Trujillo et al., 2014), others have 
tested only participants of one gender, showing faces of the opposite 
gender (Ma, Qian, et al., 2017; Ma, Zhang, et al., 2017; Ma et al., 2015). 
Some studies presented each face multiple (Chen et al., 2012; Halit et al., 
2000; Marzi & Viggiano, 2010; Munoz & Martin-Loeches, 2015; Roye 
et al., 2008; Schacht et al., 2008; van Hooff et al., 2011; Werheid et al., 
2007; Johnston & Oliver-Rodriguez, 1997; Oliver-Rodriguez et al., 
1999) or even many times (Trujillo et al., 2014; Zhang & Deng, 2012). 
Some have used a task related to attention (van Hooff et al., 2011), 
cooperation (Chen et al., 2012), fairness (Ma, Qian, et al., 2017; Ma 
et al., 2015), oddball detection (Zhang & Deng, 2012), or remembering 
(Wiese et al., 2014). While these design features may have properly 
served the particular purpose of specific studies and the hypotheses they 
were addressing, they hinder drawing more general inferences about 
ERP responses purely to facial attractiveness. 

1.2. Current study 

With the current study we aim to contribute to the field by employing 
a straightforward experimental paradigm, a large sample, and state-of- 
the-art analysis techniques in order to help us obtain more robust re
sults. First, most of the previous studies have tested fewer than 20 par
ticipants, which was once the norm. However, the current view is that 
larger sample sizes are needed for quantitative electroencephalogram 
(EEG) studies (Höller, 2021) to have sufficient statistical power. 

Second, Schacht et al. (2008) demonstrated that ERPs to rather 
attractive and rather unattractive faces were very similar to those of 
intermediate attractive faces (see Fig. 4A in their paper), pointing to the 
need for sharper contrasts in attractiveness. Previous studies averaged 
ERP responses across all trials within a pre-defined category, regardless 
of subjective preferences, and reported mean attractiveness ratings per 
category that were far from the extremes. 

Third, ERP effects to attractiveness later than 800 ms seem to be 
largely unexplored. A visual inspection of the LPP (300–1000 ms) 
observed in several studies (e.g. Schacht et al., 2008; Wiese et al., 2014; 
Zhang et al., 2011; Oliver-Rodriguez et al., 1999) suggests that differ
ences between attractiveness levels may extend to well beyond 1000 ms. 
This formed the impetus to explore latencies beyond 1000 ms in the 
current study. 

Fourth, gender preference is a potentially decisive factor in neural 
response to faces. By preferred gender we mean the gender that the 
participant would be sexually attracted to, based on the participant’s 
own gender and sexual orientation. Some attractiveness studies shown 
only male faces to heterosexual female participants (Ma, Qian, et al., 
2017) or used gender as an analysis factor for only heterosexual par
ticipants (Zhang & Deng, 2012). However, sexual orientation is 
commonly not taken into account and the effect of gender preference on 
neural responses to attractiveness remains unclear. 

Finally, most previous studies have used repeated measures Analysis 
of Variance (ANOVA) on average ERP amplitudes over predetermined 
time-intervals to evaluate differential responses. Analysis of time-series 
data like EEG using repeated measures ANOVA is not optimal due to the 
massive multiple comparisons problem it involves. Researchers often 
circumvent this issue by averaging over a latency interval and over a 
subset of electrodes, but this is suboptimal from a statistical point of 
view, as it entails a loss of variance, and promotes a strategy of double- 
dipping. Nonparametric, cluster-based random permutation analysis 

Table 1 
Listing of studies that reported differential ERP responses to varying levels of 
facial attractiveness, including the latency range and the direction of the effect.  

ERP component Study Effect 

P1 (50–120 ms) Halit et al. (2000) U>A 
P1 (100–140 ms) Zhang and Deng (2012) A>U 

P2 (120–220 ms) van Hooff et al. (2011) A/U>M 
P2 (130–170 ms) Chen et al. (2012) U>A 
P21 (~150 ms) Schacht et al. (2008) A/U>M 
P21 (150–200 ms) Marzi and Viggiano (2010) A>U 
P2 (150–230 ms) Zhang and Deng (2012) A>U 
P2 (200–240 ms) Munoz and Martin-Loeches (2015) U>A/M 

N170 (120–175 ms) Halit et al. (2000) U>A 
N170 (140–190 ms) Zhang and Deng (2012) A>U 
N170 (150–200 ms) Marzi and Viggiano (2010) A>U 
N170 (150–225 ms) Trujillo et al. (2014) U>A 

N2 (180–230 ms) Chen et al. (2012) A>U 
N2 (180–280 ms) Ma, Zhang, et al. (2017) U>A 
N2 (240–280 ms) Ma et al. (2015) U>A 

EPN (200–300 ms) Marzi and Viggiano (2010) A>U/M 
EPN (200–300 ms) Tanaka (2021) A>U/M 
EPN (230–280 ms) Werheid et al. (2007) A>U 
EPN (270–400 ms) Wiese et al. (2014) A>U 

N300 (230–330 ms) Zhang and Deng (2012) A>U 
N300 (250–350 ms) Zhang et al. (2011) A>U 

P300 (280–420 ms) Munoz and Martin-Loeches (2015) A>U/M 
P3002(300–500 ms) Schacht et al. (2008) A>M 
P3003 (300–500 ms) Marzi and Viggiano (2010) A>U 
P300 (300–500 ms) Ma, Zhang, et al. (2017) A>U 
P3004 (330–500 ms) Zhang and Deng (2012) A>U 
P3005 (350–550 ms) Zhang et al. (2011) A>U 
P3003 (350–550 ms) Ma et al. (2015) A>U 
P3003 (380–480 ms) Ma, Qian, et al., 2017 A>U 
P3005 (400–480 ms) Roye et al. (2008) A>U 
P300 (450–650 ms) Oliver-Rodriguez et al. (1999) A>U correlation 

LPP6 (200–650 ms) van Hooff et al. (2011) A>U/M 
LPP2 (400–600 ms) Werheid et al. (2007) A>U 
LPP (420–580 ms) Ma, Zhang, et al. (2017) A>U 
LPP2 (450–650 ms) Chen et al. (2012) U>A 
LPP2 (500–700 ms) Munoz and Martin-Loeches (2015) A/U > M 
LPP2 (520–1200 ms) Roye et al. (2008) U>A 
LPP2 (~550 ms) Johnston and Oliver-Rodriguez (1997) A>U correlation 
LPP2 (500–800 ms) Schacht et al. (2008) A/U>M 
LPP (500–700 ms) Marzi and Viggiano (2010) A/U>M 

Note. The direction of the effect is listed in abbreviated form with letters 
(A=attractive, U=unattractive, M=intermediate). A/U>M means that the ERP 
component has a larger amplitude to both the attractive and unattractive faces 
compared to the unattractive faces. Effects are grouped by ERP components in 
order of starting latency. Latencies have been rounded to the nearest 5 ms mark 
for clarity. Marked ERPs were identified by the authors as 1early component/ 
early frontal positivity, 2late positive complex (LPC), 3late positive potential 
(LPP), 4P3b, 5unnamed, and 6slow wave 
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provides an elegant method to solve the multiple comparisons problem 
(Maris & Oostenveld, 2007) while still allowing for incorporating prior 
knowledge to maximize sensitivity to the hypothesized effect. 

We adopt a balanced experimental design to allow for straightfor
ward interpretation of effects. We presented 240 images of unfamiliar 
male and female faces (120 each) that covered a wide range of attrac
tiveness, from very attractive to very unattractive, having minimal 
emotional expression to prevent confounding factors of emotion 
recognition or emotion contagion. Each image was shown only once, to 
prevent repetition or recognition effects (Rugg et al., 1988). For 
example, faces are perceived as more attractive with repeated exposure, 
which is then also reflected in certain ERP components (Han et al., 
2020). Participants gave subjective attractiveness ratings following each 
image on a continuous scale. We then selected the highest rated 10%, 
the lowest rated 10%, and middlemost rated 10% of images to form the 
attractive, unattractive, and intermediate attractive categories. This 
selection was made for each participant separately, based on their 
subjective ratings, to obtain an optimal attractiveness contrast. Each of 
the categories was then split into preferred and dispreferred gender 
categories based on the gender and sexual orientation of the participant. 
Finally, we analysed data of 48 participants, consisting of approximately 
equal numbers of male and female participants to avoid 
gender-dependent effects, using informed random permutation statistics 
as well as a naïve, data-driven classification approach. 

We expected amplitudes in the P300 component to be greater for 
attractive compared to unattractive and intermediate attractive faces 
[A>U/M]. No clear expectations for the other ERP components, or of the 
later latencies (>800 ms) could be deduced from existing literature. 

2. Method 

2.1. Participants 

Eighty healthy participants (35 male, 45 female; mean age = 20.6, 
SD = 2.4, range = 18 – 30 years; 65 heterosexual, 7 homosexual, 7 
bisexual, 1 unknown) took part in the study after giving written 
informed consent. Participants were mostly first year psychology stu
dents who signed up through the university’s experiment participation 
system and receive course credits. Participants with a bisexual orienta
tion (n = 7) were excluded from analysis because no dispreferred gender 
category could be determined. Sixteen participants were excluded from 
analysis due to overall insufficient quality of the EEG signal. Nine 
additional participants were excluded because one of the conditions (see 
Design section below) had no artefact-free EEG-data. The remaining 48 
participants (24 male, 24 female; 44 heterosexual, 4 homosexual; mean 
age = 20.8, SD = 2.6, range = 18 – 30 years) were included in the final 
analyses. 

All experimental procedures were approved by the Ethics Review 
Board of the School of Social and Behavioural Sciences of Tilburg Uni
versity (EC-2016.48). 

2.2. Stimuli 

In total, 252 colour images of faces were presented on a 24.5-inch 
BenQ Zowie XL2540 LCD screen with a resolution of 1920 × 1080 
and a refresh rate of 240 Hz, against a grey background. Twelve of these 
were used for practice trials. The images were 250 pixels wide and 312 
pixels high. On screen they were 71 by 88 mm. 

These images were the result of an extensive selection and validation 
procedure. We first collected 3000 face images from various internet 
sources. From these, 400 faces were selected that were forward looking, 
have minimal emotion expression, minimal make-up, no tattoos or 
earrings. They were then cropped to show only the face. The minimal 
remaining background was neutral grey. According to the subjective 
assessment of 6 researchers/research-assistants, these selected faces 
covered the full attractiveness range, from very attractive to very 

unattractive. 
The pre-selected images were then rated on attractiveness by 110 

participants (89 female, 21 male; mean age = 20.5, SD = 3.7) who did 
not overlap with the EEG study, through an online Qualtrics (https:// 
www.qualtrics.com) questionnaire. With these ratings, the images were 
categorized into female/male × attractive/ intermediate/unattractive 
attractive faces, each containing 40 images for the experiment and 2 for 
the practice session. Covering a hiatus in attractive male faces, we 
complemented this category with 10 images from an existing dataset 
(Pronk & Denissen, 2020) that adhered to the same criteria and were 
edited in the same manner as the already selected images. 

We then collected ratings of emotional expressions of the stimuli in a 
lab setting in a pilot study, from 44 participants (39 female, 5 male; 
mean age = 20.0, SD = 2.2) who did not participate in either the online 
behavioural or the EEG study. The attractive, intermediate, and unat
tractive faces were rated on a 7-point continuous scale (0 = neutral) as 
having minimal emotion expression, with a mean (SD) of 0.09 (0.2), 
0.06 (0.2), and 0.7 (0.3), respectively. 

Finally, we assessed whether luminance and contrast of the images 
were similar between pre-defined attractiveness categories through 
MATLAB (v. R2019a, MathWorks, Inc.). Each image was first converted 
to the perceptually realistic CIELAB (or L*a*b*) colour space (ISO/CIE, 
2019). Independent-sample t-tests showed that luminance was similar 
between the attractive (M = 70.7, SD = 5.9) and intermediate faces (M =
71.0, SD = 6.2), t(158) = − 0.37, p = .71. The unattractive faces (M =
73.7, SD = 5.1) had significantly higher luminance compared to the 
attractive faces, t(158) = − 3.45, p < .001, and the intermediate faces, t 
(158) = 2.96, p = .004. However, in absolute sense, these differences in 
luminance were very small; 3 points or less on a 100 point scale. Average 
contrast was similar between attractive (M = 16.4, SD = 4.1), inter
mediate (M = 16.3, SD =4.2), and unattractive faces (M = 15.3, SD =
3.7), all t(158)-values ≤ 1.74, all p-values ≥ 0.09). 

2.3. Design 

Following a 1000 ms fixation cross, a face images was presented for 
1000 ms, then a 2000 ms blank, grey screen, and finally a horizontal 
slider that could be moved on a continuous scale to rate attractiveness 
(Fig. 1). The slider always started in the middle (value = 0). The far left 
was labelled with “VERY UNATTRACTIVE” (value = − 3) and the far right was 
labelled “VERY ATTRACTIVE” (value = 3). Values were not shown. Below the 
slider was a button labelled Next to continue to the next trial. Partici
pants were instructed that the button had to be pressed within 5000 ms 
in order for the rating to be recorded and to use their “gut-feeling”. 

Each participant viewed all 240 images in a within-subjects design. 

Fig. 1. Graphical representation of a trial sequence. Note: The sequence of a 
single trial: A 1000 ms fixation cross, the stimulus (image of a face) for 
1000 ms, a blank response delay of 2000 ms, and finally a response slider that 
would proceed to the next trial when the “Next” button was pressed or when 
5000 ms had passed. For the slider, the label on the far left read “VERY UNAT

TRACTIVE”, the label on the far right read “VERY ATTRACTIVE”. The face image was 
blurred for this publication only. The faces that were shown in the experiment 
were not blurred. 
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The order was semi-randomized, such that each block of 24 trials con
sisted of 4 random images from each of the 6 predefined categories 
(female/male × attractive/ intermediate/unattractive attractive) in 
randomized order. Each image was shown only once. 

Subjective attractiveness ratings were used as independent variables. 
For exploring the contrasts between neural responses to attractive, in
termediate, and unattractive faces, we selected the 24 images (10%) 
with the highest, 24 images with the lowest and 24 images with the 
middlemost ratings, based on the subjective ratings of each participant 
individually. These selections were used in order to compare the most 
pronounced differences and will from now on be referred to as HI, LO, 
and MID, respectively. These categories were further split into preferred 
gender and dispreferred gender subcategories according to the combi
nation of participant gender, gender of the face stimulus, and sexual 
orientation of the participant. Dependent variables are the EEG ampli
tude for the ERP analysis of the 3.0 s interval following stimulus onset. 

2.4. Procedure 

After reading information regarding the experiment and giving 
informed consent in accordance with the Declaration of Helsinki, the 
participants were asked to wash their hands with lukewarm water, 
without soap, as is recommended for the BioSemi skin conductance 
measurements. The participant was then prepared for the physiological 
measurements, which took approximately 30 min. Following the prep
aration, the participant was seated in a dimly lit, sound attenuating 
cabin, approximately 60 cm from a computer screen. The experiment 
was carried out with E-Prime 3.0 software (Psychology Software Tools, 
Pittsburgh, PA) and started with 12 practice trials to get familiar with 
the procedure and the rating slider, followed by the actual experiment 
consisting of 240 trials. After each block of 24 images, a self-paced short 
break was offered. Viewing all images took between 40 and 50 min. At 
the end, we asked the participant to indicate their sexual preference 
(heterosexual, homosexual, bisexual, other, or prefer not to answer). 

2.5. Physiological measurements 

EEG was recorded with 64 Ag-AgCl ActiveTwo electrodes from 
BioSemi in an extended 10/20 layout (Chatrian et al., 1985) at a sam
pling rate of 512 Hz. Impedance was kept below 5 kΩ during recording. 
SignaGel was used to facilitate conduction. Two electrodes were applied 
on the mastoids, behind the ears, for offline re-referencing. For detection 
of eye blinks and eye movements, we applied one electrode above, and 
one below the right eye, and an electrode next to each of the outer canthi 
of the eyes. 

Additionally, we measured electrical activity from three facial 
muscles (fEMG): the Zygomaticus Major, the Orbicularis Oculi, and the 
Corrugator Supercilii. Electrodermal activity (skin conductance) was 
measures through two BioSemi GSR electrodes attached to the distal 
phalange of the index and middle finger of the left hand. Skin conduc
tance and fEMG data was not analysed for this paper. 

2.6. Preprocessing 

The raw EEG data was preprocessed in BrainVision Analyzer 2.1.2 
(Brain Products GmbH). First, the data was re-referenced to the mean of 
the mastoid channels. Slow drift and high frequency noise were filtered 
out using Zero phase shift Butterworth filters (0.01 Hz high-pass and 
100 Hz low-pass, − 12 dB/octave roll-off). The signal was then 
segmented into epochs from 700 ms before until 3200 ms after stimulus 
onset. Baseline correction was applied using the 200 ms interval leading 
up to stimulus onset as the baseline interval. Channels with overall poor 
signal quality were reconstructed by fourth order spherical splines 
interpolation. The number of reconstructed channels was limited to 
10%. On average 1.8 channels were reconstructed per participant. Next, 
artefacts caused by eye blinks and eye movements, and others, were 

corrected using Independent Component Analysis (ICA). Prior to ICA, 
major artefacts were manually marked as bad segment on individual 
channels. The remaining data was used for the decomposition of the ICA 
procedure. Ocular components were manually identified and excluded 
in the inverse ICA process. Through semi-automatic inspection, trials 
with blinks or eye movements at stimulus onset were rejected, as were 
any remaining artefacts. Finally, the EEG was again baseline corrected 
using the 200 ms before stimulus onset as baseline. Participants were 
excluded from further analysis if their preprocessed EEG data did not 
meet predetermined criteria of having no more than 10% (>6) bad 
channels and no more than 50% of the segments removed due to arte
facts. The remaining participants had, on average, 200.6 of the 240 trials 
left after artefact rejection. 

The N170 and EPN components are commonly analysed using a 
Common Average Reference (the average of all electrodes) as these 
components are topographically close to the mastoids. Thus, for the 
purposes of inspecting the N170 and EPN components, the data was 
separately processed using a Common Average Reference. 

Further processing steps and analyses were performed in MATLAB 
(v. R2019a, MathWorks, Inc.) using the FieldTrip Toolbox (Oostenveld 
et al., 2011). The data was low-pass filtered at 30 Hz prior to ERP 
analysis. 

2.7. Statistical analysis 

To compare neural responses to seeing attractive vs intermediate vs 
unattractive faces, we first constructed clearly distinct categories by 
selecting trials corresponding to the highest (HI), lowest (LO), and 
middle (MID) 10% of the subjective attractiveness ratings for each 
participant individually. All statistical analyses were done in MATLAB 
(v. R2019a, MathWorks, Inc.) and the FieldTrip Toolbox (Oostenveld 
et al., 2011). 

2.7.1. Cluster analysis 
Nonparametric cluster-based permutation tests (Maris & Oostenveld, 

2007) were used to determine statistical significance of the differences 
between HI, MID, and LO. Multiple comparison correction was applied 
on the cluster level. For the sake of readability, only significant p-values 
are provided. 

First, we specifically tested for differences between attractiveness 
categories in ERP components P1 [80–100], N1 [80 − 120], P2 [130 −
160], N2 [270 − 320], EPN [220 − 255], P300 [300–400], and LPP [300 
– 1000 ms] in their respective, commonly reported latency intervals 
(Hajcak et al., 2011) using all 64 channels. Additionally, we tested for 
differences in the face-specific N170 [130 – 165 ms] using only the 
occipito-temporal electrodes (T7/8, TP7/8, P7/8/9/10, PO7/8, O1/2) 
as advised by Rossion and Jacques (2008). 

In a subsequent exploratory approach, we performed a cluster 
analysis on the 3000 ms interval following stimulus onset without 
averaging over time to obtain clusters irrespective of specific ERP 
components. 

2.7.2. Classification 
Additionally, as a data-driven approach to complement the theory- 

driven inferential statistics, we performed multivariate pattern ana
lyses (MVPA). Decoding techniques like MVPA have become standard 
practice in the analysis of fMRI data. The technique has also been 
increasingly applied to EEG data in the past decade (Grootswagers et al., 
2017). We have performed MVPA classification with the MVPA-light 
toolbox for MATLAB (Treder, 2020) as implemented in the FieldTrip 
toolbox (Oostenveld et al., 2011) using a Linear Discriminant Analysis 
(LDA) classifier. 

MVPA was done on the ERP amplitudes of the pre-processed whole- 
scalp EEG of the 3000 ms interval after stimulus onset, to determine 
whether successful classification could be performed on the trial level. 
The EEG patterns of the HI, MID, and LO trials were classified with a 
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single-trial classification procedure. In order to obtain a generalizable 
classification model, rather than separate participant-specific ones, we 
combined all trials of all participants which were then treated as a single 
dataset. This approach increases the generalizability of the model (Frid 
& Manevitz, 2020), as this single model was able to classify data from all 
participants in the current study. This arguably is of greater value to 
advance knowledge of neural responses to attractiveness than many 
separate (and different) models that are optimized to each specific in
dividual participant. Additionally, due to the large amount of trials per 
condition (12 trials x 48 participants = 576 maximum, minus artefact 
rejected trials) in this combined dataset, the classification results would 
be highly reliable. 

To prevent overfitting, we used a 5-fold validation procedure in 
which the data was randomly divided in 5 parts. The classifier was then 
trained on 4 parts, and the resulting model was tested on the fifth. This 
procedure is repeated so that each part functions as test data once. This 
cross-validation procedure is repeated 5 times with a new random di
vision of the data into 5 folds. Stratified sampling was used to create the 
folds so that class proportions were approximately preserved. 

Our objectives were to explore whether it would be possible to 
decode the self-reported attractiveness category of the viewed face 
based on single-trail data. For this, we first determined the accuracy per 
time-point across electrodes to explore at which latency intervals the 
classification model leads to the most accurate decoding. Additionally, 
we determined the accuracy per time-point, per electrode to explore the 
development of decoding accuracy over space and time. These analyses 
were performed both on the three class model, classifying between the 
HI, MID, and LO classes to obtain the general decoding accuracy, and on 
each of the pairs of classes to allow for pairwise comparisons and so 
determine the presence of emotional salience and valence effects. 

We also assessed pairwise classification accuracy across time for the 
latency intervals with the highest classification accuracy levels to allow 
for comparison of the topographical maps, both between intervals and 
between the pairwise classifications. 

3. Results 

3.1. Attractiveness categories 

We selected the trials with the highest (HI), lowest (LO), and middle 
(MID) ratings per participant, 24 images (10%) in each category. These 
were then split into preferred gender and dispreferred gender sub
categories. Of the preferred gender, the HI images (M = 1.68, SD = 0.55) 
were rated higher (t(47) = 25.22, p < .001) than the MID images (M =
− 0.22, SD = 0.48), and higher (t(47) = 36.27, p < .001) than the LO 
images (M = − 2.44, SD = 0.42). MID images were also rated higher (t 
(47) = 26.99, p < .001) than LO images (Fig. 2, blue bars). 

Of the dispreferred gender, the HI images (M = 1.57, SD = 0.56) were 
rated higher (t(47) = 25.48, p < .001) than the MID images (M = − 0.26, 
SD = 0.48), and higher (t(47) = 36.10, p < .001) than the LO images (M 
= − 2.49, SD = 0.43). MID images were also rated higher (t(47) = 27.49, 
p < .001) than LO images (Fig. 2, red bars). 

The attractiveness categories are clearly distinct for both the 
preferred and dispreferred gender in terms of subjective attractiveness 
ratings, providing a thorough basis for exploring the differences in 
neural responses to differences in perceived attractiveness. 

The ratings for the preferred gender faces were slightly higher than 
from those of the dispreferred gender faces for the HI (t(47) = 4.87, 
p < .001), MID (t(47) = 3.71, p < .001), and LO categories (t(47) =
3.36, p = .002), however, these differences were very small (0.11, 0.04, 
and 0.05 rating points, respectively). 

Division between preferred and dispreferred was approximately 
equal, with slightly more preferred gender images in each of the HI, 
MID, and LO categories (Fig. 3). 

3.2. Event related potentials 

Differences in ERPs between each of the HI, MID, LO categories were 
explored using cluster analysis on specific latency intervals. In addition, 
we performed exploratory cluster analysis on the 3000 ms EEG data post 
stimulus onset, without averaging over time, to detect clusters of sig
nificant differences between attractiveness categories, unbiased by 
existing literature. 

3.2.1. Analysis of ERP components 

3.2.1.1. Preferred gender. Cluster analysis of differences in specific 
predetermined ERP intervals between the HI, LO, and MID categories of 
the preferred gender faces revealed that the P300 component was 
significantly larger for the HI compared to the MID (p = .027) category 
in the frontal-central, parietal, midline area (Fig. 4, middle column). 
There were no clusters of significant differences between the LO 
compared to the HI or MID category. 

The LPP component was significantly larger for the HI compared to 
the MID (p < .001) and to the LO categories (p = .032), and larger for 
the LO compared to the MID (p = .001) (Fig. 5A). 

For the preferred gender categories, the data contained no significant 
differences for any of the other analysed ERP components: P1, N1, P2, 
N2, EPN, and N170 (Fig. 4, middle). 

3.2.1.2. Dispreferred gender. For the dispreferred gender categories, the 
P1 component was larger for the LO compared to the MID category 
(p = .034) in left-temporal-parietal regions (Fig. 4, right column). The 

Fig. 2. Mean attractiveness ratings per category. Note. The mean attractiveness 
rating for the categories of the 10% highest (HI), middle (MID), and lowest 
rated (LO) images on the participant level of the preferred (blue bars) and 
dispreferred (red bars) gender. Error bars represent the standard error of the 
mean. Significant differences are indicated between attractiveness categories 
only. ***p < .001. 

Fig. 3. Average number of preferred and dispreferred faces in each category. 
Note. Each of the HI, MID, and LO categories consists of 24 faces. The dashed 
horizontal line at 12 is added as the reference for which the number of preferred 
and dispreferred faces would be equal. 
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HI category did not differ significantly in P1 amplitude from either the 
LO or the MID category. 

The N1 component had a significantly larger negative deflection for 
the MID compared to the LO dispreferred-gender category (p = .046) in 
right-central-frontal regions (Fig. 4, right). The HI category did not differ 
significantly from the LO and MID categories. 

Amplitudes of the P2 component were significantly larger to the LO 
compared to the MID (p = .005) and to the HI dispreferred-gender 
category (p = .017) in central regions (Fig. 4, right). Amplitudes did 
not differ significantly between the HI and MID categories. 

The N2 component had a significantly larger negative deflection to 
the MID compared to the LO category (p = .016) in frontal regions 
(Fig. 4, right). N2 amplitudes did not differ significantly between the HI 
and MID, and between the HI and LO categories. 

For the dispreferred gender faces, the P300 component did not differ 
significantly between any of the HI, MID, and low categories. The LPP 
component was significantly larger for the HI compared to the MID 
(p < .040), and larger for the LO compared to the MID (p = .001) 
(Fig. 5B). The LPP did not differ significantly between the HI and LO 
categories. 

No significant differences between dispreferred-gender categories 
were observed in the N170 and EPN components. 

3.2.2. Exploratory analysis of the 0 – 3000 ms interval 

3.2.2.1. Preferred gender. Exploratory cluster analysis of ERP difference 
between the HI, LO, and MID categories of the preferred gender faces in 
the 0–3000 ms interval revealed clusters of significant differences in 
each of the pairwise comparisons. These clusters all lie either within the 
interval typically associated with the LPP component or beyond the time 
scope that is usually explored. For lack of existing terminology we will 
refer to clusters in the typical LPP interval as the early LPP, and clusters 
in the later interval as the late LPP, as these two are clearly 
distinguishable. 

Amplitudes of the responses in both the HI (p < .001) and the LO 
(p = .006) categories were larger compared to those in the MID category 
in central-parietal regions from 340 until 1551 ms and from 430 until 
867 ms, respectively. We identify these as early LPP effects (Fig. 5A) and 
note that the pattern of responses corresponds to a salience effect: larger 
amplitudes to the positive and negative compared to the neutral stimuli. 

Fig. 4. Early ERPs to the 10% highest, mid
dlemost, and lowest rated faces. Note. The 
averaged EEG signals of the 10% highest (HI; 
blue), middlemost (MID; green), and lowest 
(LO; orange) rated faces for images of the 
preferred gender (left) and the dispreferred 
gender (right). The EEG signals is averaged over 
frontal (top row; Fp1/2/z, AF3/4/7/8/z, F1/2/ 
3/4/5/6/7/8/z), central (second row; FC1/2/ 
3/4/z, C1/2/3/4/z, CP1/2/3/4/z), and 
parietal-occipital sites (third row; P1/2/3/4/z, 
PO3/4/z, O1/2/z). Shaded areas around the 
EEG represent the standard error or the mean.   
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For mean amplitudes, see Table 2. 
In later intervals, amplitudes to the HI category were larger 

(p = .002) than those to the LO category in central and pre-frontal re
gions from 897 until 3000 ms. We identify this as a late LPP effects 
(Fig. 5A) and note that the pattern of responses corresponds to a valence 
effect: larger amplitudes to the positive compared to negative stimuli, 
with responses to neutral stimuli in between. The MID category (neutral 
stimuli) did not differ from either the HI (positive) and the LO (negative) 
categories. (Fig. 5B). 

3.2.2.2. Dispreferred gender. Amplitudes were larger for the LO 
compared to the MID dispreferred gender faces (p = .016) in central- 
parietal regions from 381 until 879 ms. Amplitudes to the HI category 
were smaller than those in the LO category (p = .043) in central-parietal 
regions from 365 to 791 ms (Fig. 5B). There was no cluster of significant 
differences between the HI and MID categories in the early LPP interval, 
or between any two categories in the late LPP interval. 

Response patterns to dispreferred gender faces show no clear 
salience effect in the early LPP interval and do not show a valence effect 
in the late LPP interval (Fig. 5B). 

3.2.3. Patterns of ERP amplitudes of all ratings 
To assess the reliability of these results, we additionally explored the 

ERP responses to each of the 10% rating bins. Again, we ordered all 
subjective attractiveness ratings for each individual participant and split 
these in 10% bins, each containing 24 trials per participant. We then 
split these bins into preferred and dispreferred gender bins, and aggre
gated the EEG waveform over trials and participants for each bin 
(Fig. 6). Mean amplitudes were calculated per 10% bin for the early and 
late LPP component, aggregating over the time-interval and over the 
electrodes that constitute the respective cluster (Fig. 6, bar chart insets). 

For the preferred gender, the mean amplitudes per bin show patterns 
that are supportive of the results of the cluster analysis. The U-shaped 
pattern of the early LPP bins corresponds with a salience effect, and the 
linear trend in the late LPP corresponds with a valence effect (see the bar 

Fig. 5. EEG amplitudes and clusters of differences between the HI, MID, and LO categories. Note. A. The averaged EEG signals over central (FC1/2/3/4/z, C1/2/3/4/ 
z, CP1/2/3/4/z) electrodes for the 10% highest rated (HI; blue), middlemost rated (MID; green), and lowest rated (LO; orange) faces of the preferred gender. Shaded 
areas around the EEG represent the standard error or the mean. Peaks in the 1.1–1.3 s interval are offset potentials as the stimulus was removed after 1 s. The screen 
remained blank (grey) for the 2 following seconds. Coloured horizontal lines beneath the EEG show the time-intervals of the clusters of significant differences 
between each of the HI, MID, and LO categories, with the topographies of each cluster. Colours represent the average difference in amplitude between the two 
indicated categories. The circles mark electrode placement, asterisks mark electrodes that are part of the cluster. Panel B shows the same for the dispreferred gender. 
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chart insets in Fig. 6, upper half). The ERP waverforms further show that 
these salience and valence effects are consistent over the corresponding 
time intervals. 

For the dispreferred gender, the pattern of the amplitudes of the early 
LPP bins roughly resembles the U shape of a salience effect, though less 

convincing then that of the preferred gender. The bins of the late LPP 
interval do not show a consistent pattern (bar chart insets in Fig. 6, lower 
half). ERP waveforms of the late LPP interval confirm there are no 
apparent systematic differences between bins throughout the interval. 

3.3. Classification 

For the MVPA classification of the preferred (and the dispreferred) 
categories, the trials of all participants were combined per category into 
496 (451) HI trials, 518 (463) MID trials, and 533 (438) LO trials. Note 
that the sum of the preferred and dispreferred numbers per category is 
less than the maximum amount of 1152 trials (24 trial x 48 participants) 
due to artefact and blink rejection. 

3.3.1. Preferred gender 
Overall classification accuracy using all three preferred gender cat

egories (HI, MID, and LO) per time-point, per electrode, reached accu
racy levels around 38% (chance level 33%) in the time period roughly 
equivalent to the cluster interval of the early LPP effect (450–850 ms). 
Accuracy in the late LPP interval (1000–3000 ms) fluctuates around 
chance level with some small clusters of around 37% accuracy (Fig. 7A). 

To allow for pairwise comparisons, we also classified each of the 
pairs of categories. Both the HI vs MID classification and the LO vs MID 
classification reached relatively high accuracy levels (~58% and ~57%, 
respectively) in the early LPP interval (Fig. 7B) while the HI vs LO 

Table 2 
Mean amplitudes of the ERP components.  

ERP component Mean (SD) amplitude (µV) 

HI MID LO 

Preferred gender 
P300 5.28 (6.42) 2.97 (5.33) 3.56 (5.69) 
early LPP 10.71 (4.88) 6.33 (4.97) 9.17 (5.17) 
late LPP 4.38 (8.36) 2.03 (6.56) -0.36 (6.24) 
Dispreferred gender 
P1 -1.79 (3.53) -2.13 (3.12) -0.89 (3.68) 
N1 -1.48 (3.56) -1.92 (3.33) -0.54 (3.61) 
P2 3.97 (4.13) 3.99 (4.46) 5.84 (5.36) 
N2 1.82 (4.90) 0.30 (5.57) 2.36 (6.25) 
early LPP 8.82 (4.58) 7.08 (5.51) 10.74 (6.22) 

Note. The mean amplitudes and standard deviations for each ERP component. 
Only those components that showed significant differences between (HI, MID, 
LO) conditions are listed, for each of the preferred and dispreferred gender 
categories. Means were calculated as the average amplitudes over the time- 
interval and over the electrodes that correspond to the respective significant 
cluster. 

Fig. 6. ERP amplitudes of all trials split into 10% bins of the ordered ratings per participant, for the preferred and dispreferred gender.  
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Fig. 7. Overview of the classification accuracy. Note. A. MVPA classification accuracy per time segment, per electrode of the three way (HI, MID, and LO) classi
fication of the preferred gender data. Chance level is 33%. B. Classification accuracy per time segment, per electrode of the pairwise (HI vs MID, LO vs MID, and HI vs 
LO) classifications of the preferred gender data. Chance level is 50%. C. The topographical maps of classification accuracy for the early LPP interval (450–850 ms) 
and the late LPP interval (1000–3000 ms) of the preferred gender data as detected in the ERP analysis as reported above. D, E, and F. Like A, B, and C above, for the 
dispreferred gender data. 
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classification showed accuracies around chance level. Topographical 
maps of the classification accuracy averaged over the early LPP interval 
confirm that the classifier is modestly able to distinguish both the HI and 
LO from the MID category (Fig. 7C), but performs considerably less well 
in distinguishing between the HI and LO categories. This shows that a 
differentiating early LPP effect is detectable at the single trial level 
across participants. 

A pattern of classification accuracy consistent with the late LPP effect 
was found for the 1000–3000 ms interval. The HI was distinguished 
from the LO category with moderate (54–55%), but long lasting, global 
classification accuracy, while both HI and LO were classified from the 
MID class with accuracies near chance level (Fig. 7B). This is further 
confirmed by topographical maps of the average accuracies over this 
interval (Fig. 7C), showing that a differentiating late LPP effect is also 
detectable at the single trial level across participants. 

3.3.2. Dispreferred gender 
Classification of all three dispreferred gender categories per time- 

point, per electrode resulted in an overall lower accuracy then classifi
cation of the preferred gender. Accuracies of around 38% are achieved 
in the early LPP time period, however these accuracy peaks are more 
scattered and scarce than in the preferred gender classification. Accu
racy fluctuates around chance level in the late LPP interval. (Fig. 7D). 

Pairwise comparisons revealed that accuracy levels in the early LPP 
interval were relatively high in the LO vs MID classification (~57%) 
(Fig. 7E) but lower for the HI vs MID (~54%) and the HI vs LO classi
fications (~chance level). Topographical maps of the classification ac
curacy averaged over the early LPP interval further confirm these results 
(Fig. 7C). A differentiating early LPP effect is modestly detectable be
tween the LO and the MID categories at the single trial level across 
participants, but not between HI and MID or between HI and LO. 
Importantly, the above reported cluster of significant differences be
tween the HI and LO categories is not confirmed by single trail 
classification. 

The pairwise classifications show only near chance level accuracies 
for each of the pairwise combinations in the late LPP interval (Figs. 7E 
and 7F). No differentiating late LPP effect is detectable at the single trial 
level across participants. The valence effect appears absent for the dis
preferred gender trails. 

4. Discussion 

The aim of the present study was to provide clarity on which ERP 
responses are sensitive to facial attractiveness, and how these responses 
differ between attractiveness levels. We showed 240 images of faces to 
63 participants while recording their EEG in a simple straightforward 
experimental setup. To obtain optimal contrasts, we made a selection 
per participant of the faces that were rated as the 10% most attractive, 
10% least attractive, and 10% intermediate attractive based on the 
subjective ratings of that participant. These categories were further split 
into preferred and dispreferred gender categories based on the gender 
and sexual preference of each participant. We analyzed and compared 
the ERP responses to the attractive, intermediate attractive and unat
tractive faces of the preferred and of the dispreferred gender. Each of the 
ERP components of interest (P1, N1, P2, N2, N170, EPN, P300, and LPP) 
was clearly present in the average EEG waveforms. Differential ampli
tudes were observed for the P300, early and late LPP components for the 
preferred gender faces, and for the P1, N1, P2, N2, and early LPP com
ponents for the dispreferred gender faces. We discuss the LPP effects first 
since they show the most robust and interesting effects. 

4.1. Early LPP interval: salience effects 

ERP amplitudes in the early LPP interval (450–850 ms) to faces of the 
preferred gender demonstrated robust effects as a function of attrac
tiveness. Amplitudes to both attractive and unattractive faces were 

greater compared to intermediate attractive faces [A/U>M] over almost 
the entire scalp, most pronounced over central-parietal areas. Classifi
cation gave further support to these statistical results. This pattern 
matches that of common findings of (early) LPP responses from valence 
studies (Hajcak et al., 2011) of larger ERPs to both positive and negative 
compared to neutral valenced stimuli, labelled as an emotional salience 
effect. 

Similar effects have been reported in several attractiveness studies 
(e.g. Schacht et al., 2008; Marzi & Viggiano, 2010; Munoz & 
Martin-Loeches, 2015). Importantly, these studies all adopted a 
straightforward experimental paradigm involving attractiveness judg
ment, like the current study. Studies that used the faces as a distractor 
(van Hooff et al., 2011), or in a priming (Ma, Zhang, et al., 2017; 
Werheid et al., 2007) or trust paradigm (Chen et al., 2012) reported 
different effects (see Table 1). Possibly these paradigms distracted from 
the attractiveness feature of the stimuli, preventing a valenced experi
ence. Other studies did not include an intermediate attractiveness con
dition (Werheid et al., 2007; Chen et al., 2012; Ma, Zhang, et al., 2017; 
Roye et al., 2008) precluding comparisons with a neutral valenced 
condition. 

Early LPP responses to dispreferred gender faces, however, showed a 
different pattern. While responses to unattractive faces were larger than 
those to intermediate attractive faces, those to attractive faces were not. 
Additionally, responses to unattractive faces were larger than those to 
attractive faces, though the classification result from did not support 
this. Taken together, early LPP responses to the dispreferred gender 
faces are largely, but not entirely a salience effect. 

4.2. Late LPP interval: valence effects 

The usually unexplored late LPP amplitudes were greater to attrac
tive compared to unattractive faces [A>U] of the preferred gender from 
approximately 1000 ms until the end of our analysis interval at 3000 ms. 
This long lasting effect with widespread topography, peaked at central 
and pre-frontal areas. Within this interval, ERP amplitudes to the in
termediate attractive faces were largely in between those to the unat
tractive and attractive faces, with no significant difference to either from 
1550 ms onward. Classification also supported these statistical results. 

This pattern of responses corresponds to an orderly valence effect of 
larger amplitudes to pleasant stimuli (attractive faces) than to un
pleasant stimuli (unattractive faces), with responses to neutral stimuli 
(intermediate attractive faces) in between. 

Late LPP differences to the dispreferred gender faces, on the con
trary, do not differentiate between attractive, intermediate attractive, 
and unattractive faces in the late LPP interval. Hence, facial attractive
ness of the dispreferred gender does not seem to elicit valence specific 
responses. Classification confirmed the absence of a valence effect in the 
late LPP interval for the dispreferred gender faces. 

The current findings extend previous reported effects to facial 
attractiveness in showing that ERP differences to facial attraction eval
uation take time to develop. Robust effects continue well beyond the 
800 ms interval. Future studies of attraction should take this observation 
into consideration, and structure their experimental paradigms in a way 
that allows for analysing longer epochs than is now common in the field. 

Additionally, such late ERP effects suggest controlled, rather than 
automated information processing. Future studies should explore this, 
for instance through a second task manipulation. 

The main added value of our classification lies in the specific 
approach of combining all single-trial data of all participants and 
treating those as a single dataset. This means that the classifier was 
trained on trials belonging to several participants, and the resulting 
model was then tested on different trials of several (potentially different) 
participants. Further, classification was performed on single trials. That 
we still found moderate classification accuracies that were in line with 
the results of the cluster analysis, despite the added variance of indi
vidual differences, speaks for the generalizability of the results. 
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4.3. Other ERP components 

Of the remaining ERP components that we analysed (P1, N1, P2, N2, 
N170, EPN, and P300), only the P300 appeared sensitive, and was larger 
for attractive compared to intermediate attractive faces [A>M]. 

Interestingly, the opposite was true for ERP effects for the dis
preferred gender faces: the P1, N1, P2, and N2 component showed dif
ferences between attractiveness levels, while the P300 component did 
not. Amplitudes of the P1 component were larger for unattractive 
compared to intermediate attractive faces [U>M], the N1 component 
had a larger negative amplitude for the intermediate compared to the 
unattractive faces [M>U], the P2 component was larger for the unat
tractive compared to the intermediate attractive and the attractive faces 
[U>M/A], and the N2 component had a larger negative amplitude to the 
unattractive compared to the intermediate attractive faces [U>M]. 

In comparing the current findings with those from previous studies, 
we can only note that the P300 effect to faces of the preferred gender are 
in line some attractiveness studies (Schacht et al., 2008; Munoz & 
Martin-Loeches, 2015) although most studies found larger P300 am
plitudes to attractive compared to unattractive faces (Roye et al., 2008; 
Marzi & Viggiano, 2010; Zhang & Deng, 2012; Zhang et al., 2011; 
Oliver-Rodriguez et al., 1999; Ma, Qian, et al., 2017;; Ma, Zhang, et al., 
2017; Ma et al., 2015; Munoz & Martin-Loeches, 2015). The other ERP 
components have been reported by some studies, but in conflicting 
directions. 

In general, faces of the dispreferred gender evoke early (<300 ms) 
differential responses while faces of the preferred gender appear to 
evoke late (>300 ms) differential responses in patterns resembling af
fective salience and valence effects. A plausible interpretation is that the 
preferred gender faces are relevant to the participant in a manner that 
the dispreferred gender faces are not. This self-relevance results in a 
more conceptual processing of the affective value of the faces, which 
generally occurs at longer latencies. The absence of self-relevance of the 
dispreferred gender faces results in perceptual evaluation, which 
generally occurs at early latencies. 

4.4. How does attractiveness relate to emotion? 

It has been suggested before that attractive faces may induce affec
tive responses (Olson & Marshuetz, 2005). Indeed, attractiveness ratings 
have been shown to correlate highly with subjective valence ratings 
(Oosterhof & Todorov, 2008; Todorov & Engell, 2008; Yuan et al., 2021) 
and responses to attractiveness are in many ways similar to affective 
responses like the activation of certain facial muscles (Principe & Lan
glois, 2011; Schein & Langlois, 2015; Gerger et al., 2011). 

The current finding of a salience effect in the early LPP interval is in 
line with consensus from emotion research that LPP components are 
commonly larger for both pleasant and unpleasant compared to neutral 
images (Hajcak et al., 2010; Hajcak et al., 2011). 

We recommend that future studies explicitly explore the exact rela
tionship between facial attractiveness and emotions. Showing images of 
faces with varying levels of attractiveness would be a relatively simple, 
straightforward, and unambiguous emotion elicitation paradigm that 
could be of great value to the field of emotion research. 

5. Conclusion 

Facial attractiveness elicits neural responses that are indicative of 
valenced experiences. However, this is only the case for faces of the 
preferred gender, in other words, for faces that are self-relevant. Re
sponses to facial attractiveness are clearly separated in time, suggesting 
a sequential process. Processing of affective salience is followed by the 
processing of valence. These experiences take time to develop and last 
well beyond the interval that is commonly explored. 
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