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We assessed individual differences in visual attention toward faces in relation to their
attractiveness via saccadic reaction times. Motivated by the aim to understand individual
differences in attention to faces, we tested three hypotheses: (a) Attractive faces hold or
capture attention more effectively than less attractive faces; (b) men show a stronger bias
toward attractive opposite-sex faces than women; and (c) blue-eyed men show a stronger
bias toward blue-eyed than brown-eyed feminine faces. The latter test was included
because prior research suggested a high effect size. Our data supported hypotheses
(@) and (b) but not (c). By conducting separate tests for disengagement of attention
and attention capture, we found that individual differences exist at distinct stages of
attentional processing but these differences are of varying robustness and importance.
In our conclusion, we also advocate the use of linear mixed effects models as the most
appropriate statistical approach for studying interindividual differences in visual attention
with naturalistic stimuli.
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INTRODUCTION

At all times, humans are capable of processing only a limited
amount of their visual environment. This selectivity is called visual
attention and because of its widespread involvement in cognitive
tasks, ranging from reading and communication to scene per-
ception and navigation, experimental psychology has aimed to
understand the principles governing attention. Although many
models of visual attention have been advocated, many open
questions remain. One open question concerns the origins of
inter-individual differences in visual attention. Here, we tested
whether principles suggested by evolutionary psychology explain
some of the inter-individual differences in attention.

Previous research has demonstrated that human faces are
among the most interesting stimuli for visual attention (e.g.,
Bindemann et al.,2005; Ro et al.,2007; Langton et al., 2008; Thoma
and Lavie, 2013). However, the degree to which a particular face
receives attention might differ between individuals. First, evo-
lutionary psychology suggests that certain phenotypical features
in faces are perceived as particularly attractive (because they sig-
nal health or reproductive quality; Fink and Penton-Voak, 2002;
Rhodes, 2006) but the relevance of such visual cues differs between
individuals according to their sexes (Buss, 2003). For example,
one study has shown that blue-eyed males find blue-eyed females
particularly attractive and are more likely to choose them as part-
ners while a comparably specific preference was not observed with
blue- or brown-eyed women, or brown-eyed men (Laeng etal.,
2007). According to an evolutionary explanation, this could be
due to the recessive inheritance of genes for blue-eyes: when both
partners have blue eyes, the common offspring will have blue eyes

as well and this might serve as an additional assurance of pater-
nity for the blue-eyed male. Second, research has demonstrated
that humans spend more time looking at faces that are consid-
ered attractive than at less attractive faces (e.g., Aharon etal., 2001;
Shimojo etal., 2003; Sui and Liu, 2009; Leder etal., 2010; Chen
etal., 2012). However, these effects are not the same in all individ-
uals: compared to women, men exhibit a higher motivation to view
attractive opposite-sex faces (Levy etal., 2008; Hahn etal., 2013)
and are more likely to show attentional biases toward attractive
opposite-sex stimuli (Maner etal., 2003, 2007).

The two observations mentioned above were the point of
departure for our study. We aimed at addressing the following
open questions in this area. First, it is not known which kind
of attentional sub-process differs between individuals when they
are confronted with faces of varying attractiveness. For example,
Leder etal. (2010) have embedded highly and less attractive faces
in photographs of natural scenes and reported increased look-
ing times at the attractive faces. Similarly, Maner etal. (2003)
recorded participants’ eye movements while looking at displays
containing four highly attractive and four less attractive faces that
were either male or female. They found that male participants
looked significantly longer at attractive female faces than at less
attractive female faces. This bias was not found with male faces.
In contrast, women looked longer at highly attractive female as
well as male faces. However, none of the published studies pro-
vides conclusive evidence whether these results are due to more
robust capture of attention by the highly attractive faces, or to the
stronger holding of attention once it has been captured. Hence,
in the present study we disentangle these processes by directly
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measuring the participants’ ability to disengage attention from
attractive versus less attractive faces in Experiment 1, as well as
the relative potential of different classes of faces for attentional
capture in Experiment 2. Second, previous research has remained
inconclusive about whether individual preferences for particular
face features, as measured by attractiveness ratings, result in equiv-
alent inter-individual differences in attention measures. Hence, we
compared our measures of disengagement and capture of atten-
tion to attractiveness ratings collected from the same participants.
We focused our investigation on the variables of gender and eye
color because prior research suggested a high statistical power of
these effects. To that end, we tested whether interactions between
participant’s sex and eye color and the respective facial charac-
teristics co-determine any of the two attentional sub-processes in
response to faces.

In the current study, we also aimed to establish new statistical
benchmarks for conclusions on attentional processes in response
to faces. Our review of the literature showed that all prior stud-
ies in this area based their conclusions on conventional statistics.
However, these methods are not optimally suited for studying
inter-individual attentional differences as a function of natural-
istic stimuli, such as faces. Faces vary on a variety of unknown
characteristics ranging from low-level features, such as lightness,
and feature combinations, such as lip versus eye curvature, to
holistic characteristics (e.g., the overall facial silhouette, the eyes’
distance, and the proportional size of the nose). Because some of
these features might not even be known, it is almost impossible
to control for all of them. However, one statistical approach is
particularly suited for studying inter-individual differences with
such less controlled stimuli, namely linear mixed effects mod-
els (LMMs). This approach allows incorporating the variance
explained by particular stimuli (here: faces) into a model (here:
of predicting looking behavior through participant sex and/or eye
color; cf. Baayen et al., 2008; Baayen and Milin, 2010; Kliegl et al.,
2010). Our study should therefore also be regarded as an appeal
for the use of LMM approaches when naturalistic stimuli are used
to test for individual differences in attentional processing.

EXPERIMENT 1: DISENGAGEMENT OF ATTENTION FROM
FACES
To collect a direct measure of attentional disengagement, we
employed a gap saccade task (Saslow, 1967) in which participants
are instructed to make a saccade away from a centrally fixated
stimulus to a second stimulus that appears in the visual periphery.
The main manipulation concerns the centrally fixated stimulus,
which is either extinguished (typically) 200 ms prior to the onset
of the peripheral stimulus (in ‘gap’ trials), or remains visible until
after the onset of the peripheral stimulus (in ‘overlap’ trials). Here,
the often-replicated gap effect consists in saccades to peripheral
stimuli having shorter latencies or saccadic reaction times (SRTs)
in gap than overlap trials. Although the effect depends on proper-
ties of the oculomotor system (Dorris and Munoz, 1995; Walker
etal., 1995) recent evidence corroborated a causal role of attention
in the gap effect (Pratt etal., 2006; Jin and Reeves, 2009).

We adapted the gap-saccade task to directly measure the influ-
ence of (a) overall facial attractiveness, (b) face gender, and (c)
face eye color on disengagement of attention from a centrally

presented face image. Our participants were required to disen-
gage their attention from a fixated face and make a saccade to an
abruptly appearing peripheral dot target. Consistent with the clas-
sical task, the face was either switched off 200 ms prior to the onset
of the peripheral target (in gap trials) or remained visible until after
the onset of the peripheral target (in overlap trials). In addition to
the gap effect we predicted that attractive faces would delay dis-
engagement more effectively than less attractive faces, resulting in
higher SRTs. Motivated by the research outlined in the Introduc-
tion, we also tested for an interaction between participant sex and
face gender, henceforth referred to as gender interaction (GI) as
well as the more complex interaction between participant sex and
eye color and face gender and eye color, henceforth named eye
color and gender interaction (EGI).

METHODS

Participants

Forty participants with a mean age of 24 years (SD = 3.7) were
assigned to four groups of ten that resulted from crossing the vari-
ables participant eye color (blue/brown) and sex (male/female).
We chose a group sample size of ten based on a previous study
(Laeng etal., 2007) which reported an effect size of Cohen’s
d = 1.11 for the critical difference in the group of blue-eyed men
using a sample size of 22 participants in a rating study. Assuming
an effect of the same size in the present population, a group sample
size of 10 would imply a statistical power of (1 —f) = 0.84 to reveal
this difference in a two-tailed test (for f/a = 1 in a compromise
analysis as implemented in Faul etal., 2007). Here and in Exper-
iment 2, participants were undergraduate Psychology students,
recruited at University of Vienna that participated voluntarily (in
exchange for partial course credit). Upon arrival in the lab, they
were inspected for their eye color. Participants with eye colors
not clearly recognizable as blue or brown were assigned to a dif-
ferent experiment unrelated to the present study. All participants
had normal or corrected-to-normal visual acuity and intact color
vision. All participants were Caucasian and naive with respect to
the research hypotheses. The experiment was conducted in accor-
dance with the Declaration of Helsinki and APA ethical standards
in the conduct of research. Written informed consent was obtained
from all participants.

Face stimuli

Two different sets (‘natural faces’ vs. ‘morphed faces’) of feminine
and masculine faces with blue or brown eyes served as stimuli.
Each set comprised 24 face images with six different faces per
eye color and gender combination. Both sets were derived from
the same source photographs. The source photographs were full
frontal face portraits of male and female Caucasian adults aged
20-30 years with neutral expressions. For clarity, we henceforth
refer with the words ‘male; ‘female; and ‘sex’ to our study partici-
pants and with the words ‘masculine, ‘feminine, and ‘gender’ to the
face images. Photographs were taken under constant lighting con-
ditions, exposure settings, shooting distance, and viewing angle.
The digital camera (Canon EOS 550D with a Canon 50 mm £/1.8
lens) was calibrated using a ColorChecker Passport (X-Rite Inc.,
Grand Rapids, MI, USA) color standard. Exposure settings were set
to £/20, 1/20 s, ISO 100 and lighting was delivered by two Bowens
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GMS500 Digital (Bowens International Ltd., Essex, UK) flashes
with softboxes mounted on tripods. The set of morphed faces
was created using FantaMorph 5.0 (Abrosoft Co., Beijing, China)
by averaging three different (either only masculine or only femi-
nine) source photographs to one masculine or feminine face. None
of the source photographs was used in more than one morphed
face.

All natural and morphed faces used for the present study were
selected from a larger pool of candidate stimuli that underwent
pretests for attractiveness ratings on a 7-point scale (1 = ‘very
unattractive’; 7 = ‘very attractive’) by an independent sample
of participants from the same undergraduate student population
(n = 60 for natural; n = 24 for morphed faces). In line with
previous literature (e.g., Langlois and Roggman, 1990), average
rated attractiveness of morphed faces (M = 4.07, SD = 0.78) was
significantly higher than of natural faces [M = 3.57, SD = 0.94,
t(135.7) = 3.47, p < 0.001]. Because of a higher variance in attrac-
tiveness judgments in natural faces than in morphed faces, the final
set of natural faces comprised a broader variation in (pre-rated)
attractiveness but approximately equal numbers of attractive and
less attractive faces.

Each face stimulus was presented in two variations (which
differed only by eye color) to the same participants. All face
stimuli were processed in Adobe Camera RAW and Adobe Pho-
toshop CS5 (Adobe, Inc.) to standardize their appearance and to
exclude possibly confounded influences on perceived attractive-
ness and/or attention. For that, a standardized mask was placed
on hair, clothes, and background regions of the images and they
were presented on a 50% gray background in the experiment (see
Figure 1). The irises within all faces were retouched by inserting
a standardized blue or brown iris with constant pupil size and iris
color.

Apparatus

The experiment was programmed in MATLAB (MathWorks,
Natick, MA, USA) using the Psychophysics Toolbox (Brainard,
1997; Pelli, 1997) and the Eyelink toolbox (Cornelissen etal.,

2002) running on a personal computer under Windows XP
(Microsoft, Inc.). Stimuli were displayed on a 19-in. color CRT
monitor (Sony Multiscan G400) with the screen resolution set
to 1,280 x 1,024 pixels at a vertical refresh rate of 85 Hz and
32 bit color depth. The monitor was calibrated using an i1Pro
spectrophotometer (X-Rite Inc., Grand Rapids, MI, USA). View-
ing distance was held constant at 64 cm with chin and forehead
rests. Gaze data were recorded monocularly using an EyeLink 1000
Desktop Mount (SR Research Ltd., Kanata, ON, Canada) video-
based eye tracker sampling at 1000 Hz. Prior to the start of the
experiment, the system was calibrated on the participants’ dom-
inant eye using a standard 5-point calibration sequence. In the
course of the experiment, a manual drift check was conducted
prior to every 12th trial. If the recorded gaze position differed by
more than 1° from a central fixation target, recalibrations were
performed (other trials started automatically after the participant
had fixated on the central target for 1.5 s).

Experimental procedure

Participants were informed that the purpose of the experiment
was to study the effect of human faces on visual attention and
were given basic task instructions (i.e., ‘fixate on the face until a
dot appears; as soon as you see a dot, look at it as quickly as pos-
sible’). They were not informed about the specific hypotheses and
experimental manipulations. The experiment comprised 384 tri-
als in randomized order which were presented in four blocks of 96
trials (between blocks, participants were allowed to rest briefly).
Morphed and natural faces were presented randomly intermixed
across all trials. The sequence within a trial is depicted in Figure 2.
Each trial started with a central fixation (or drift check). Next, a
face image (2.7 x 3.2°) was presented at screen center together
with four equidistant dark gray circular placeholders marking the
possible target locations. Placeholders had diameters of 1.7°, line
strengths of 0.1°, and were placed above, below, left, and right, all
at center-to-center distances of 6.8° from the face. In every trial, a
black circular target dot with a diameter of 0.85° appeared 1 s after
the onset of the face, randomly in one of the four placeholders.

Blue Eyes

Brown Eyes

Feminine

FIGURE 1 | Morphed faces served as stimuli in Experiments 1 and 2. Each
face was a composite produced by averaging three natural faces using image
processing software. There were two versions of each face, one with blue

Masculine

eyes and one with brown eyes (only one version is depicted). Natural faces
(which were the basis for the morphs but also served as a separate set of
stimuli in Experiment 1) are not depicted due to privacy reasons.
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Gap
condition
Initial drift check Onset of face
(central fixation) and placeholders
Overlap
condition

Offset of face in
gap condition

Onset of
saccade target

ca.1-2s 800 ms

FIGURE 2 | Example schematic trials in the gap saccade task used in
Experiment 1. The saccade target appeared randomly in one of the four
placeholders around the central face stimulus. In the gap condition, the face

until response
(max. 2000 ms)

disappeared 200 ms prior to the onset of the saccade target whereas in the
overlap condition the face remained on screen until the end of the trial.
Arrows indicate the flow of time.

Participants executed a saccade away from the face to the periph-
eral target and the trial ended automatically once a target fixation
was registered (fixations were detected online in an invisible square
region of 2.5 x 2.5° around the target). At the start of each experi-
mental session, participants completed 16 training trials. Training
trials were identical to experimental trials except that participants
were given positive feedback, whenever their saccade was correct
(‘okay, displayed at screen center) and negative feedback if they
aborted fixation prior to target onset (‘too fast’) or if no target
fixation was registered within 2 s after target onset (‘timeout’). In
the experimental blocks only negative feedback was provided, and
these trials were automatically repeated at the end of the block.

Rating procedure

After completing the four experimental blocks, participants were
presented a final rating block, in which each face was shown one by
one in randomized order at screen center (just as in the experimen-
tal procedure) together with a 7-point rating scale (ranging from
1 = ‘very unattractive’ to 7 = ‘very attractive’). Participants judged
the attractiveness of each face by pressing the according number
button on a standard PC keyboard. The rating task here (and in
Experiment 2) was self-paced and participants could freely choose
how long they wanted to view each face before giving their rating.
In total, a complete run (including setup, experiment, rating, and
participant debriefing) lasted about 70 min.

Data analysis

Raw gaze data was parsed into sequences of saccades and fixa-
tions using the SR Research algorithm (SR Research Ltd., Kanata,
ON, Canada). Saccades were determined by criteria of change
in gaze position (>0.1°), eye velocity (>30°/s), and accelera-
tion (>8,000°/s%). Gaze data were pre-processed in MATLAB. We

analyzed SRTs, defined as the difference between the onset time of
the saccade target and the onset time of the first saccade that landed
on the target. In total, we recorded SRTs from 15,360 trials (384 tri-
als from each of the 40 participants). Out of these, 557 trials (3.6%)
were excluded because SRT was faster than 50 ms (most likely due
to anticipations or measurement artifacts or because of blinks
ahead of the saccade or during it). SRTs and ratings were analyzed
in R version 3.1.1 (R Core Team, 2014) using the Ime4 package
version 1.1-7 (Bates etal., 2014) for fitting and analyzing LMMs.
We applied the Satterthwaite (1946) approximation for comput-
ing p-values for t-statistics and the Kenward and Roger (1997)
approximation for F-statistics, as implemented in the ImerTest
package version 2.0-6 (Kuznetsova etal., 2014). Preliminary analy-
ses of SRTs and inspections of Q—Q plots and histograms revealed
that a Log-transformation (natural logarithm) of SRTs was neces-
sary to approximate a normal distribution and to achieve normally
distributed model residuals. This is a common transformation for
distributions of reaction times (RTs) which are often positively
skewed (Baayen and Milin, 2010). In the analysis of SRTs and
ratings, we included random intercepts for subjects and stimuli
(individual face images).

RESULTS

For each of the two datasets (‘natural faces’ vs. ‘morphed faces’)
we selected an appropriate model using the Akaike information
criterion (AIC; Akaike, 1974; Stephens et al., 2005) and significance
tests based on the y?-distributed likelihood-ratio between two
models (cf. Glover and Dixon, 2004; Baayen and Milin, 2010). For
all datasets, the general approach was the same: first, we defined
a null model, which included only the random effects (as well as
a fixed effect for the gap manipulation, for the SRT data). Then,
we defined a sequence of nested models by step-wise increasing
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the complexity of the fixed effects structure. Interactions between
phenotypic features of the face stimuli and the participants’ traits
were coded within single variables (i.e., a four-step variable GI for
the four possible combinations of participant sex and face gender;
and EGI for the 16 possible combinations of participant sex and eye
color and face gender and eye color). We ordered these variables
and applied a successive differences contrast coding scheme. Each
more complex model was a special case of the previous, simpler
model. After each step, we checked whether the change in model
fit justifies a decision in favor of the more complex model instead
of the simpler model. The fixed effects of the best model were
subsequently analyzed in more detail.

Subjective attractiveness ratings
Model selection: evidence for gender interaction in morphed
faces. Results are presented in Table 1. For natural faces the data

Table 1 | Comparison of nested linear mixed effects models (LMMs)
fitted to subjective attractiveness ratings in Experiment 1.

Model comparison

Model df Formula AlC x2 df p

Natural faces

natg 4 Attractiveness ~ 1 + RE 2956

natq 7 Attractiveness ~ 1 + Gl + RE 2962 0.05 3 0.997
naty 19 Attractiveness ~ 1+ EGI+RE 2979 6.54 12 0.886
Morphed faces

morg 4 Attractiveness ~ 1 + RE 2756

mor 7 Attractiveness ~ 1 + Gl + RE 2748 141 3 0.003
mory 19 Attractiveness ~ 1+ EGI+RE 2755 175 12 0.133

yielded no evidence for any of the interaction effects (as evi-
dent by the non-significant x2-statistic in the likelihood-ratio
test and the increasing AIC). However, for morphed faces the
data suggested an interaction between participant sex and face
gender (reflected in the decreasing AIC and the significant -
statistic in the likelihood-ratio test). Noteworthy, there was no
evidence for the more complex gender and eye color interac-
tion in this data either. Hence, we concluded that (at least
for the highly attractive morphed faces) a model including a
gender-based interaction explained subjective attractiveness rat-
ings best (cf. Figure 3). For this model, we examined the
gender-based individual differences in attractiveness ratings more
closely.

Model results: stronger preference for highly attractive fem-
inine faces in men. Tests of the fixed effects part of the
model mor; confirmed the significant interaction between par-
ticipant sex and face gender, F(3,67.1) = 4.82, p = 0.004.
Model coefficients suggested that feminine faces were rated
as more attractive than masculine faces by male as well
as female participants. However, this bias toward feminine
faces was stronger in male than in female participants (see
Table 2).

Table 2 | Fixed effect estimates for a rating bias toward feminine
morphed faces in Experiment 1.

Fixed effect B (SE) t P
(Intercept) 4.67 (0.144)

Female participants (feminine — masculine)  0.47 (0.219) 2.15  0.041
Male participants (feminine — masculine) 0.72 (0.219) 3.29 0.003

Attractiveness, individual subjective attractiveness judgments, Formula, model
definition for the Ime4 software package; RE, random effects structure [(1] Partic-
ipant) + (1] Stimulus)]; Gl = [Participant Sex x Face Gender]; EGI = [Participant
Sex x Participant Eye Color x Face Gender x Face Eye Color].

Results based on individual ratings on a 7-point scale. Masculine, ratings of mas-
culine morphed faces. Feminine, ratings of feminine morphed faces. Positive B
and t values indicate that feminine faces received higher ratings than masculine
faces.

Female Participants

Male Participants

Rated attractiveness (1-7)

Female Participants

Male Participants

°®'y -

vy

Feminine Masculine Feminine Masculine

Natural faces

FIGURE 3 | Distribution of all subjective attractiveness judgments collected in Experiment 1. Dots represent raw data points (n = 960 in each of the two
stimulus sets) and are displayed jittered on the discrete rating scale for better visualization.

Feminine Masculine Feminine Masculine

Morphed faces
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Saccadic reaction times

Model selection: facial attractiveness affects saccadic reaction
times. Log-transformed SRTs (logSRTs) were analyzed separately
for natural faces and morphed faces. Baseline models included
the fixed effect of the gap manipulation, random intercepts for
participants and stimuli as well as a random slope for the gap
manipulation. Due to the generally larger variation in attractive-
ness judgments for the natural faces we included overall facial
attractiveness (as a two-step variable, ‘attractive’ vs. ‘unattractive’).
This categorization was based on z-transformed ratings given by
each participant at the end of the experiment and computing a
mean attractiveness score for each face. Faces with mean attrac-
tiveness scores above the median of all values were assigned to
the ‘attractive’ group while the other faces were assigned to the
‘unattractive’ group.

Results are presented in Table 3. For natural faces, the data
yielded evidence for an effect of overall facial attractiveness. Apart
from that, there were no indications for gender-based (or eye color
and gender based) interactions in either of the datasets.

Model results: slower disengagement from attractive faces. Esti-
mated SRTs per condition are depicted in Figure 4. The model
for the morphed faces (intercept B = 5.29, SE = 1.78 x 1072)
yielded a significant gap effect with logSRTs being signifi-
cantly shorter in gap trials as compared to overlap trials, B =
—1.78 x 107! (SE=1.48 x 1072), t =-12.0, p < 0.001. Similarly,
the model for natural faces (intercept B=5.29, SE = 1.89 x 1072)
resulted in the expected gap effect, with logSRTs being shorter
in gap trials as compared to overlap trials, B = —2.03 x 107!
(SE = 1.53 x 1072), t = —13.29, p < 0.001. Importantly, this
model also yielded a significant effect of facial attractiveness:
logSRTs were significantly shorter with unattractive compared to
attractive faces, B=—-1.87 x 1072 (SE=6.94 x 107?), t = -2.69,
p = 0.007. The interaction between the fixed effects of gap and
facial attractiveness was not statistically significant, r+ = 0.35,
p=0.726.

DISCUSSION

Experiment 1 tested whether (a) attentional disengagement from
attractive faces is slower than from less attractive faces, (b) women
and men differ in how they attend to opposite-gender versus
same-gender faces, and (c) there are specific eye color prefer-
ences in opposite-gender faces in men (Laeng etal., 2007; Bovet
etal., 2012). Our eye tracking experiment resulted in evidence for
hypothesis (a) but did not support claims (b) and (c), i.e., we found
no evidence that interactions between participants and face traits
co-determine attentional disengagement from faces. In addition
to the eye tracking experiment we also collected subjective attrac-
tiveness ratings for natural and morphed faces. Only for the highly
attractive morphed faces, the data yielded evidence for a gender-
based interaction: men as well as women gave higher ratings to
feminine faces than to masculine faces but this bias was much
larger in men than in women. This begs the question of why we
were unable to detect the gender-based interaction at least in the
morphed faces with our eye tracking experiment. In principle, it
is possible that specific individual preferences for attractive facial
features affect attentional processes but not necessarily the process
of disengagement. Hence, in Experiment 2 we created an atten-
tional capture fest, asking participants to make a saccade toward
one of two faces.

EXPERIMENT 2: ATTENTIONAL CAPTURE BY FACES

Instead of presenting only one face at screen center, we presented
two faces at different locations in the periphery and asked par-
ticipants to make a saccade toward one of these locations (and
ignore the other). When multiple stimuli are in the visual field
they compete for attention and cognitive processing by activating
their respective neural representations (Desimone and Duncan,
1995). This competition for attentional priority is determined by
stimulus-driven influences, such as the strength of the visual signal
and by observer-based top—down influences (e.g., expectations,
goals, or memory). A suitable task to measure these early pro-
cesses of attentional capture is the so called ‘dot probe’ or ‘double

Table 3 | Comparison of nested LMMs fitted to log-transformed SRTs in Experiment 1.

Model comparison

Model df Formula AlC x2 df p
Natural faces

natg 7 logSRT ~ 1 + Gap + RE 3315

naty 9 logSRT ~ 1 + Gap x Attractiveness + RE 3311 740 2 0.025
naty 21 logSRT ~ 1 + Gap x Attractiveness x Gl + RE 3324 11.68 12 0.472
nats 69 logSRT ~ 1 + Gap x Attractiveness x EGI + RE 3368 52.06 48 0.319
Morphed faces

morg 7 logSRT ~ 1 4+ Gap + RE 3679

mory 13 logSRT ~ 1 + Gap x Gl + RE 3687 4.34 6 0.631
mory 37 logSRT ~ 1 + Gap x EGI + RE 3714 20.75 24 0.652

logSRT, individual log-transformed SRTs in the gap-saccade task; attractiveness, two-staged categorization (attractive vs. unattractive) of natural faces based on
subjective attractiveness judgments; formula, model definition for the Ime4 software package, RE, random effects structure [(1+Gap| Participant) + (1] Stimulus)].
Gl = [Participant Sex x Face Gender]. EGl = [Participant Sex x Participant Eye Color x Face Gender x Face Eye Color].
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FIGURE 4 | Saccadic reaction times (SRTs) per factor level as significant effect of the gap manipulation with lower SRTs in the Gap
estimated by the final linear mixed effects models (LMMs) in than in the Overlap condition. (B) Model results for the natural faces.
Experiment 1. For better interpretability, the estimated logSRT for each The gap effect was qualitatively identical to the results from the
factor level was transformed back to the original millisecond scale for morphed faces. In addition, the data yielded an effect of facial
plotting. Error bars represent +1.96 SEM after removing random effect attractiveness, with longer SRTs with attractive than with unattractive
variances. (A) Model results for the morphed faces. The data yielded a faces.

cueing’ task (MacLeod etal., 1986) which has been often used in
experimental psychopathology studies (e.g., Frewen etal., 2008;
Yiend, 2010). The basic procedure implies a brief presentation of
two task-irrelevant images (the cues) at a certain eccentricity left
and right of screen center. Directly afterward, an unrelated tar-
get stimulus — often called the ‘dot probe’ — is presented either at
the left or at the right position and subjects are asked to (usu-
ally) manually report the presence, identity, or position of the
dot. If the dot probe appears at an attended location, RTs to the
dot should be significantly faster than if the dot appears at an
unattended location. This procedure has been adapted in vari-
ous ways to study different questions about individually varying
attention.

Here, we adapted a version of the dot-probe task which was
used to study attentional biases in eating disorders (Blechert et al.,
2010). We used two photographs of faces as cues. Instead of extin-
guishing both photos and replacing one of them with a probe
that was unrelated to the images, we kept the faces visible and
presented two differently colored frames around them. The par-
ticipants were instructed to make a saccade to one pre-defined
target color frame and ignore the differently colored distractor
frame. Keeping the photos on screen and requiring participants
to make a saccade toward one of the cued locations allows insight
into the process of attentional capture. More specifically, it allows
inferring which of the two concurrently presented faces captures
attention more readily. Compared to the classical version of the
dot probe task which requires manual button presses, saccades
are a more ecological response when studying attentional capture
(Kowler etal., 1995; Deubel and Schneider, 1996). Additionally,
this procedure enables us to gage the temporal properties of atten-
tional capture by varying the stimulus onset asynchrony (SOA)
which is the interval between the appearance of the face cues
and the target/distractor rectangles. We used two short inter-
vals (150, 250 ms) and one long interval (1 s). These values
are based on the literature on the so-called ‘inhibition of return’

(IOR) effect, which describes the often observed finding that
attention is first captured by a particular stimulus location but
if no target is presented soon afterward, this particular loca-
tion is actively inhibited. This results in prolonged RTs when
responding to a target presented at a cued location after about
300 ms (Posner and Cohen, 1984; Taylor and Klein, 1998; Klein,
2000). Using this procedure, we studied whether interactions
between participant’s sex and eye color and the respective facial
characteristics co-determine the capture of attention by attractive
faces.

METHODS

Participants

Forty new participants with a mean age of 22 years (SD = 2.7) were
recruited from the same student population as in Experiment 1 to
four groups of ten, resulting from crossing the variables participant
sex (female vs. male) and eye color (blue vs. brown).

Apparatus
Setup and recording were identical to Experiment 1, with the
exception that a drift check was conducted ahead of every trial.

Stimuli and procedure

In Experiment 2 only the morphed faces served as stimuli (see
Figure 1). We used eight different feminine and eight different
masculine faces. Each face was presented with two different eye
colors (blue and brown) to the same participants, resulting in 16
feminine and 16 masculine face images altogether. At the start
of each session, participants were informed that the purpose of
the experiment was to study the effect of human faces on visual
attention and were given basic task instructions (e.g., ‘fixate on
the screen center until two colored boxes appear; as soon as you
see the boxes, look at the yellow box as quickly as possible’). The
experiment comprised 576 trials which were randomly assigned to
six blocks of 96 trials (between blocks, participants were allowed
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to rest briefly). In 384 trials the two simultaneous face cues showed
the exact opposite phenotypic traits (e.g., the face at the target’s
location was feminine with blue eyes, and the face at the distractor
location was masculine with brown eyes). In the remaining 192
trials, the two faces shared either their eye color (e.g., blue-eyed
feminine face and blue-eyed masculine face) or gender (e.g., blue-
eyed feminine face and brown-eyed feminine face). Face identity,
gender, and eye color were uncorrelated with target and distractor
positions, hence face features where uninformative about target
location. Figure 5 illustrates two example trials.

Every trial started with the presentation of a central fixation
target for a drift check. Then, two faces were presented to the
left and to the right of the central fixation. After a variable SOA
(150 ms/250 ms/1 s) two colored rectangles appeared concomi-
tantly to frame the faces. The task of the participants was to
make a saccade to the target rectangle, which was defined by
color. The target color could be either green (CIE L* = 94.5,
a* = -77.3, b* = 79.4) or yellow (CIE L* = 94.6, a* = —-4.7,
b* = 85.3), while the other color was used for the distractor.
The target and distractor colors were counterbalanced across
participants, announced in the initial instructions, and retained
throughout the experiment. At the start of each session, partici-
pants practiced some trials to become familiar with the task and
the stimuli.

Because of lower acuity in the visual periphery, the faces had to
be displayed at a larger size than in Experiment 1. The appropriate
size was determined by pre-tests using various stimulus sizes until
a quick and reliable discrimination of gender and eye color at
peripheral locations was secured. Hence, faces were shown at a
size of 4 x 5° and the target and distractor rectangles had a size
of 5.6 x 6.8° with line strengths of 0.25°. Faces and rectangles
were presented at an eccentricity of 7.5° from the central fixation.
Following the experimental blocks, participants subjectively rated

the attractiveness of each face in a separate rating block where
the procedure was identical to Experiment 1. In total, the data
collection lasted about 80 min per participant (including setup,
experiment, rating, and participant debriefing).

Data analysis

Data processing was done using the same software packages and
settings as in Experiment 1. In total, we recorded SRTs from 23,040
trials (576 trials from each of the 40 participants). Out of the
complete dataset, 876 trials (3.8%) were excluded due to the same
criteria as in Experiment 1 in addition to trials in which the first
saccade was erroneously directed to the distractor instead of the
target rectangle.

RESULTS

Subjective attractiveness ratings

Model selection: evidence for gender interaction in morphed
faces. Results were similar to Experiment 1 and are presented in
Table 4. According to the (decreasing) AIC and the significant
likelihood-ratio test, an appropriate model for our rating data was
morj, a model that included the interaction of participant sex and
face gender (GI). In contrast, including the full interaction of par-
ticipant sex and eye color and face gender and eye color (EGI) was
not corroborated by the data.

Model results: preference for highly attractive feminine faces
in men. Testing the fixed effects part of the final model mor;
confirmed the significant interaction of participant sex and face
gender, F(3,97.1) = 3.73, p < 0.014. Table 5 shows the fixed effect
estimates reflecting the rating bias toward feminine faces for men
and women separately. The tendency for rating feminine faces as
more attractive than masculine faces was present in female as well
as male participants, but this bias was only significant in male
participants.

Masculine face at
target’s position

Initial drift check
(central fixation)

Feminine face at
target’s position

ca.1-2s

FIGURE 5 | Example schematic trials in the cueing task of Experiment 2.
In this example, the target color is yellow, and the distractor color is green
(this was counterbalanced across participants). Phenotypic features of the
face cues were non-predictive of the upcoming target’s location. SRT to the

Onset of
face cues

Variable SOA:
150/250/ 1000 ms

Saccade to
yellow target

Onset of target
and distractor

v
v

Saccade to target
(max. 2000 ms)

target was analyzed as a function of the face cue presented at the target, and
the distractor location, as well as the stimulus onset asynchrony (SOA).
Arrows in the rightmost pictures indicate saccades. Arrows below the
pictures indicate the flow of time.
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Table 4 | Comparison of nested LMMs fitted to ratings of morphed
faces in Experiment 2.

Table 6 | Comparison of nested LMMs fitted to log-transformed SRTs
in Experiment 2.

Model comparison

Model comparison

Model df Formula AlIC 2 df p Model df Formula AlC 2 df p

morg 4 Attractiveness ~ 1 + RE 5438 Target face cues

mory 7  Attractiveness ~ 1 + Gl + RE 5433 1116 3  0.01 targo 6 logSRT ~ 1 + SOA + RE -1576

mory 19 Attractiveness ~ 1+ EGI+ RE 5452 523 12 0.950 targ, 15 logSRT ~ 1 + SOA x TGl + RE -1577 18.88 9 0.026
targp 51 logSRT ~ 1+ SOA x TEGI + RE  -1544 38.21 36 0.369

Attractiveness, individual subjective attractiveness judgments; formula, model 5

definition for the Ime4 software package; RE, random effects structure [(1] Partic- Distractor face cues

ipant) + (1] Stimulus)]. Gl = [Participant Sex x Face Gender]. EGl = [Participant st 6 logSRT ~ 1 + SOA + RE ~1576

Sex x Participant Eye Color x Face Gender x Face Eye Color]. )
distq 15 logSRT ~ 1+ SOA x DGl + RE  -1583 24.63 9 0.003
disty 51 logSRT ~ 1+ SOA x DEGI+ RE -1540 28.79 36 0.798

Table 5 | Fixed effect estimates for a rating bias toward feminine
morphed faces in Experiment 2.

Fixed effect B (SE) t P
(Intercept) 4.10 (0.125)

Female participants (feminine — masculine)  0.31(0.178) 174  0.088
Male participants (feminine — masculine) 0.53(0.178) 2.99 0.004

Results based on individual ratings on a 7-point scale. Masculine, ratings of mas-
culine morphed faces,; feminine, ratings of feminine morphed faces. Positive B
and t values indicate that feminine faces received higher ratings than masculine
faces.

Saccadic reaction times

Model selection: evidence for gender interaction in attentional
capture. To determine whether participants’ attention was biased
toward a particular face gender and eye color depending on their
own expression of these traits, we analyzed the obtained SRTs sep-
arately with respect to (a) the target face cue properties, and (b)
the distractor face cue properties. In all analyses of SRTs, we also
modeled the effect of SOA, as we hypothesized that any individ-
ual preferences might show a different pattern with the shorter
as compared to longer SOAs. In all models, we included ran-
dom intercepts for combinations of particular target and distractor
faces. Table 6 presents the results.

The model comparison showed that including the interaction
between participant sex and target’s face cue gender (TGI), or the
interaction between participant sex and distractor’s face cue gen-
der (DGI) improved goodness of fit over the respective baseline
models. However, the present data yielded no evidence for EGIs
(TEGI/DEGI) in any of the tested models. Hence, our data sug-
gest that male and female participants differed in how quickly they
made saccades to the target rectangle depending on whether the
face shown at the target location was masculine or feminine (and
whether the face at the distractor location was masculine or femi-
nine, respectively). To further scrutinize this interaction we looked
at the estimates of these models in more detail.

Model results: men’s attention is more effectively captured by
feminine faces. Estimated SRTs are depicted in Figure 6. Testing
the fixed effects in the final target face cue model (targ;) con-
firmed our conclusions from the model comparisons. The SOA
effect, F(2,40) = 40.17, p < 0.001, as well as the TGI interaction

logSRT, individual log-transformed SRTs,; formula, model definition for the Ime4
software package;, SOA, stimulus onset asynchrony; RE, random effects struc-
ture [(1] Participant) + (1] Stimulus)]. TGl = [Participant Sex x Target Face Cue
Gender]. TEGI = [Participant Sex x Participant Eye Color x Target Face Cue Gen-
der x Target Face Cue Eye Color]. DGl = [Participant Sex x Distractor Face Cue
Gender]. DEGI = [Participant Sex x Participant Eye Color x Distractor Face Cue
Gender x Distractor Face Cue Eye Color].

effect, F(3,104) =4.77, p=0.004, were significant. The interaction
between these two was not significant, F(6,178) = 0.77, p = 0.594.
Results for the corresponding distractor face cue model (dist; ) fol-
lowed the same pattern: the overall SOA effect, F(2,40) = 40.25,
p < 0.001, and the overall DGI effect, F(3,104) = 5.28, p = 0.002,
were significant. Again, the interaction between them was not sig-
nificant, F(6,165) = 1.47, p = 0.184. To scrutinize these effects (in
particular the gender based differences) we looked at the models’
contrast estimates which are listed in Table 7.

For both models, the estimated SOA effects showed that sac-
cades were initiated significantly faster after the (long) 1 s SOA
than after the (short) 250 or 150 ms SOAs, while there was no dif-
ference between the latter two. Interestingly, our results confirmed
an attentional bias for feminine faces, exclusively for male partic-
ipants: saccades of male participants toward the target rectangle
were initiated significantly faster if a feminine face was presented at
the target location, and significantly slower if a feminine face was
presented at the opposite, distractor location. In contrast, SRTs
of female participants were not affected by the gender of the face
stimulus at either of the locations.

DISCUSSION

Experiment 2 followed up on the aim to investigate interactions
between participant traits and face stimulus characteristics (eye
color and gender) in the attentional bias for attractive faces. There
was one important conceptual difference to Experiment 1: we
measured attentional capture toward one out of two simultane-
ously presented faces and not disengagement from one fixated face.
Hence, Experiment 2 targeted a sub-process of attention that pre-
cedes disengagement (cf. Posner and Petersen, 1990). In addition,
by presenting two faces simultaneously in the visual periphery
we created the necessary preconditions for biased competition
between faces —a viewing situation that more closely mirrors atten-
tional orienting toward particular individuals in a social world.
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Stimulus onset asychrony (ms)

FIGURE 6 | Saccadic reaction times per factor level as estimated by
the final LMMs in Experiment 2. For better interpretability, the
estimated logSRT for each factor level was transformed back to the
original millisecond scale for plotting. Error bars represent +1.96 SEM
after removing random effect variances. (A) Model results for the target
face cues. The data yielded a significant effect of the SOA manipulation
and a significant interaction of participant sex and target face cue
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Participant sex

[ Feminine Target
[ Masculine Target

Participant sex

[ Feminine Distractor
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gender. For male participants, SRTs were shorter when the face at the
target location was feminine. (B) Model results for the distractor face
cues. The model yielded a significant interaction of participant sex and
distractor face cue gender. For male participants, SRTs were longer
when there was a feminine face at the distractor location (the SOA
effect is not depicted for the distractor model as it was qualitatively
identical to the target model).

Table 7 | Fixed effect estimates for SOA and Gl parameters in the final
LMMs of log-transformed SRTs in Experiment 2.

Fixed effect B (SE) t p
Target model

(Intercept) 5.83 (0.034)

SOA250-SOA150 -1.8x107%(3.83 x 107%) 046  0.642
SOA1000-SOA250 -2.9x1072(3.84 x 107%)  -750 <0.001
Femalemas — Femalefem 1.5 x 1073 (4.59 x 10~3) 032  0.749
Malemas — Malefem 1.7 x 1072 (4.62 x 1073) 3.64 <0.001
Distractor model

(Intercept) 5.83 (0.034)

SOA250-SOA150 -18x 1072 (3.83 x 107%) -0.47  0.641
SOA1900-SOA250 -29x1072(3.83x 107%) -751 <0.001
Femalemas — Femalerem  —75 x 1074 (4.59 x 1073)  -0.16  0.870
Malemas — Malefem -1.8x 1072 (4.62 x 1073) -3.84 <0.001

SOA, stimulus onset asynchrony (150/250/1,000 ms); female, female participants;

male, male participants; mas, masculine faces, fem, feminine faces.

This ultimately enabled us to establish the hypothesized inter-
action of participant sex and face stimulus gender, reflecting an
attentional bias toward attractive feminine faces in men. Again,
we supplemented our eye tracking data with subjective attrac-
tiveness judgments. The latter revealed that men judged feminine
faces as more attractive than masculine faces while this bias toward
feminine faces was much weaker (and non-significant) in women.

In addition, we manipulated the interval between the onset of
the face cues and the onset of the targets in order to measure the

temporal properties of attentional deployment to the face cues.
We expected an IOR effect as usually observed with SOAs exceed-
ing 300 ms (e.g., Klein, 2000): an interaction between cueing (by
preferred faces) and the length of the interval reflecting that atten-
tion is initially captured by an attractive face and later inhibited
at the same location. This should have resulted in prolonged RTs
to the location where attention was captured by an attractive face
with the 1 s SOA. Also, because only men showed a preference for
feminine faces, the IOR effect was expected to be present in men
only. This IOR should then be reflected in an interaction between
the GI and SOA’s fixed effects. However, this interaction was not
observed. Rather, we found a general acceleration of SRTs after
the longest SOA. One possible explanation for this finding could
be that the longest SOA implicated a better temporal warning sig-
nal of the target due to the large temporal gap between the middle
(250 ms) and long SOA (1 s) which could modulate SRTs indepen-
dently and in addition to any face-based spatial attention effects
(e.g., Walker etal., 1995).

Our main findings are in line with previous literature showing
that men exhibit stronger preferences for attractive opposite-sex
faces than women. Yet, even with our modified experimental pro-
cedure our data did not support the hypothesis that eye color
additionally interacts with individual preferences — as predicted
by Laeng etal. (2007) who found that blue-eyed men rated blue-
eyed women as more attractive than brown-eyed women and who
explained this with an evolutionary adaptive strategy of blue-eyed
men to maximize their subjective assurance of paternity. It is worth
pointing out that the present study had a smaller number of partic-
ipants (per eye color and sex group, respectively) than the original
Laeng etal. (2007) study. In principle, one might suspect that the
original finding was not corroborated because of low statistical
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power. However, taking the originally reported effect size into
account, it is unlikely that our study would fail to capture such a
large effect in all datasets that we collected throughout this study,
if it is present.

GENERAL DISCUSSION

The current study tested potential contributions of gender and eye
color to individual differences in preferences for attractive faces
and the respective effects on two distinct attentional processes:
disengagement of attention (Experiment 1) and capture of atten-
tion (Experiment 2). In prior studies of looking times at attractive
faces, these phases were generally confounded and it could not
be decided which sub-process was responsible for the effects. For
our tests, we chose SRTs rather than looking times, because sac-
cades are tightly coupled to the engagement of attention (Kowler
etal., 1995; Deubel and Schneider, 1996). Also we conducted our
tests with a focus on two sources of inter-individual differences
in attention to faces. First, we studied if men and women showed
distinct patterns of attentional processes in response to same-sex
and opposite-sex faces, respectively. This was confirmed for atten-
tional capture (in Experiment 2) but not for the disengagement
of attention (in Experiment 1). Second, we studied whether eye
color could explain additional differences between participants,
such as an attentional bias of blue-eyed men toward blue-eyed
feminine faces. The latter could not be confirmed in any of our
experiments. Thus, our results show that individual preferences
for attractive faces are partly reflected in respective differences in
visual attention but not all of these inter-individual differences are
equally robust.

This brings us to an important related point. Our results differ
from previous reports because we were unable to replicate the find-
ing that blue-eyed men consider blue-eyed women more attractive
than brown-eyed women (Laeng etal., 2007). One reason for the
failure to replicate the original finding could be that the stimuli
of Laeng et al. (2007) were more naturalistic portrait photographs
including features beyond the face itself (such as hairstyles and
clothing). For the present study, we constructed new stimuli and
minimized any potentially confounded features that could attract
attention independently of face gender and eye color. However, it
is possible that contextual features are necessary to induce stronger
individual evaluative and behavioral preferences so that the use of
the stronger constrained stimuli in the present experiments pre-
vented us from replicating the original finding. Another possibility
is that the eye color may have been more salient and easier to dis-
criminate in the original study of Laeng etal. (2007) where faces
were shown full-screen on an 11.4"” monitor whereas their size was
smaller in the present study (Experiment 1: 2.7 x 3.2°; Experiment
2:4 x 5°).

What is even more important in our view, the result of a
study also hinges on the specific statistical procedures applied
to the collected data. Inconsistencies across studies could stem
from distorted data due to averaging across subjects, stimuli, or
conditions without accounting for random variance that is not
generalizable to the independent variables of the design (e.g.,
Wells and Windschitl, 1999; Judd etal., 2012). This is particularly
problematic for studies addressing interactions between groups
of participants and experimental stimuli. While this problem was

taken care of with the present LMM analyses, spurious interac-
tions might become significant with more traditional statistics.
Also, the exclusive use of the classic approach of null hypoth-
esis significance testing (NHST) has been often criticized (e.g.,
Bakan, 1966; Greenwald, 1975; Cohen, 1994; Loftus, 1996; Sohn,
1998; Nickerson, 2000) and more informative statistical tools, such
as model comparisons and measures of Information Theory and
Bayesian statistics have been advocated recently (e.g., Glover and
Dixon, 2004; Stephens et al., 2005; Wagenmakers, 2007).

CONCLUSION

In the present paper we linked research on individual preferences
for attractive faces to inter-individual differences in visual atten-
tion toward faces of varying attractiveness. Using a combination of
well-controlled experimental approaches and linear mixed effects
modeling, we replicated previous results showing that attractive
faces lead to longer dwell times. In addition, we found evidence
for gender-based differences in attentional capture. We could not
replicate a previously reported EGIs and close with a recommen-
dation for the statistical analysis of inter-individual differences in
general.

ACKNOWLEDGMENTS

The authors thank the three reviewers and the editor for their
excellent and constructive feedback on previous versions of this
manuscript. Moreover, the authors wish to express their gratitude
to Daniela Simon, Adela Hasanovic, and Brigitte Windsperger for
their valuable help with data collection; and Christoph Huber-
Huber, Andreas Gartus, Gernot Gerger, and Daria Gutleb for
helpful discussions and comments on this work. This study
was funded by the Cognitive Science Research Platform (Grant
Number: P24794-B24) of the University of Vienna.

REFERENCES

Aharon, L, Etcoff, N., Ariely, D., Chabris, C. E, O’Connor, E., and Breiter, H. C.
(2001). Beautiful faces have variable reward value: fMRI and behavioral evidence.
Neuron 32, 537-551. doi: 10.1016/S0896-6273(01)00491-3

Akaike, H. (1974). A new look at the statistical model identification. IEEE Trans.
Automat. Contr. 19, 716-723. doi: 10.1109/TAC.1974.1100705

Baayen, R. H., Davidson, D. J., and Bates, D. M. (2008). Mixed-effects modeling
with crossed random effects for subjects and items. J. Mem. Lang. 59, 390—412.
doi: 10.1016/j.jm1.2007.12.005

Baayen, R. H., and Milin, P. (2010). Analyzing reaction times. Int. . Psychol. Res. 3,
12-28.

Bakan, D. (1966). The test of significance in psychological research. Psychol. Bull.
66, 423-437. doi: 10.1037/h0020412

Bates, D., Maechler, M., Bolker, B., and Walker, S. (2014). Ime4: Linear Mixed-
Effects Models Using Eigen and S4. R Package Version 1.1-6. Available at:
http://cran.r-project.org/package=Ime4.

Bindemann, M., Burton, A. M., Hooge, I. T, Jenkins, R., and de Haan, E. H.
(2005). Faces retain attention. Psychonom. Bull. Rev. 12, 1048-1053. doi:
10.3758/BF03206442

Blechert, J., Ansorge, U., and Tuschen-Caffier, B. (2010). A body-related dot-probe
task reveals distinct attentional patterns for bulimia nervosa and anorexia nervosa.
J. Abnorm. Psychol. 119, 575-585. doi: 10.1037/a0019531

Bovet, J., Barthes, J., Durand, V., Raymond, M., and Alvergne, A. (2012). Men’s
preference for women’s facial features: testing homogamy and the paternity
uncertainty hypothesis. PLoS ONE 7:¢49791. doi: 10.1371/journal.pone.0049791

Brainard, D. H. (1997). The psychophysics toolbox. Spat. Vis. 10, 433-436. doi:
10.1163/156856897X00357

Buss, D. M. (2003). The Evolution of Desire: Strategies of Human Mating, 2nd Edn.
New York: Basic Books.

www.frontiersin.org

February 2015 | Volume 6 | Article 42 | 11


http://cran.r-project.org/package=lme4
http://www.frontiersin.org/
http://www.frontiersin.org/Personality_and_Social_Psychology/archive

Valuch etal.

Visual attention for attractive faces

Chen, W,, Liu, C. H., and Nakabayashi, K. (2012). Beauty hinders attention switch in
change detection: the role of facial attractiveness and distinctiveness. PLoS ONE
7:¢32897. doi: 10.1371/journal.pone.0032897

Cohen, J. (1994). The earth is round (p<.05). Am. Psychol. 49, 997-1003. doi:
10.1037/0003-066X.50.12.1103

Cornelissen, F. W., Peters, E. M., and Palmer, J. (2002). The Eyelink Toolbox: eye
tracking with MATLAB and the Psychophysics Toolbox. Behav. Res. Methods
Instrum. Comput. 34, 613—-617. doi: 10.3758/BF03195489

Desimone, R., and Duncan, J. (1995). Neural mechanisms of selective visual
attention. Annu. Rev. Neurosci. 18,193-222. doi: 10.1146/annurev.neuro.18.1.193

Deubel, H., and Schneider, W. X. (1996). Saccade target selection and object recog-
nition: evidence for a common attentional mechanism. Vision Res. 36, 1827-1837.
doi: 10.1016/0042-6989(95)00294-4

Dorris, M. C., and Munoz, D. P. (1995). A neural correlate for the
gap effect on saccadic reaction times in monkey. J. Neurophysiol. 73,
2558-2562.

Faul, E, Erdfelder, E., Lang, A.-G., and Buchner, A. (2007). G*Power 3:
a flexible statistical power analysis program for the social, behavioral, and
biomedical sciences. Behav. Res. Methods 39, 175-191. doi: 10.3758/BF031
93146

Fink, B., and Penton-Voak, I. (2002). Evolutionary psychology of facial attrac-
tiveness. Curr. Dir. Psychol. Sci. 11, 154-158. doi: 10.1111/1467-8721.
00190

Frewen, P. A., Dozois, D. ., Joanisse, M. E, and Neufeld, R. W. (2008). Selective
attention to threat versus reward: meta-analysis and neural-network modeling
of the dot-probe task. Clin. Psychol. Rev 28, 307-337. doi: 10.1016/j.cpr.2007.
05.006

Glover, S., and Dixon, P. (2004). Likelihood ratios: a simple and flexible statis-
tic for empirical psychologists. Psychonom. Bull. Rev. 11, 791-806. doi:
10.3758/BF03196706

Greenwald, A. G. (1975). Consequences of prejudice against the null hypothesis.
Psychol. Bull. 82, 1-20. doi: 10.1037/h0076157

Hahn, A. C., Xiao, D., Sprengelmeyer, R., and Perrett, D. 1. (2013). Gender differences
in the incentive salience of adult and infant faces. Q. J. Exp. Psychol. 66, 200-208.
doi: 10.1080/17470218.2012.705860

Jin, Z., and Reeves, A. (2009). Attentional release in the saccadic gap effect. Vision
Res. 49, 2045-2055. doi: 10.1016/j.visres.2009.02.015

Judd, C. M., Westfall, J., and Kenny, D. A. (2012). Treating stimuli as a random
factor in social psychology: a new and comprehensive solution to a pervasive
but largely ignored problem. J. Pers. Soc. Psychol. 103, 54-59. doi: 10.1037/a00
28347

Kenward, M. G., and Roger, J. H. (1997). Small sample inference for fixed effects from
restricted maximum likelihood. Biometrics 53, 983-997. doi: 10.2307/2533558

Klein, R. M. (2000). Inhibition of return. Trends Cogn. Sci. 4, 138-147. doi:
10.1016/S1364-6613(00)01452-2

Kliegl, R., Wei, P, Dambacher, M., Yan, M., and Zhou, X. (2010).
Experimental effects and individual differences in linear mixed mod-
els: estimating the relationship between spatial, object, and attraction
effects in visual attention. Front. Psychol. 2:238. doi: 10.3389/fpsyg.2010.
00238

Kowler, E., Anderson, E., Dosher, B., and Blaser, E. (1995). The role of attention
in the programming of saccades. Vision Res. 35, 1897-1916. doi: 10.1016/0042-
6989(94)00279-U

Kuznetsova, A., Brockhoff, P. B.,, and Christensen, R. H. B. (2014).
ImerTest: Tests for Random and Fixed Effects for Linear Mixed Effect Mod-
els (Imer Objects of lmed4 Package). R Package Version 2.0-6. Available at:
http://cran.r-project.org/package=ImerTest

Laeng, B., Mathisen, R., and Johnsen, J. A. (2007). Why do blue-eyed men pre-
fer women with the same eye color? Behav. Ecol. Sociobiol. 61, 371-384. doi:
10.1007/500265-006-0266-1

Langlois, J. H., and Roggman, L. A. (1990). Attractive faces are only
average. Psychol. Sci. 1, 115-121. doi: 10.1111/j.1467-9280.1990.tb0
0079.x

Langton, S. R., Law, A. S., Burton, A. M., and Schweinberger, S. R. (2008). Attention
capture by faces. Cognition 107, 330-342. doi: 10.1016/j.cognition.2007.07.012
Leder, H., Tinio, P. P,, Fuchs, I. M., and Bohrn, I. (2010). When attractiveness
demands longer looks: the effects of situation and gender. Q. J. Exp. Psychol. 63,

1858-1871. doi: 10.1080/17470211003605142

Levy, B., Ariely, D., Mazar, N., Chi, W., Lukas, S., and Elman, 1. (2008). Gender
differences in the motivational processing of facial beauty. Learn. Motiv. 39,
136-145. doi: 10.1016/j.lmot.2007.09.002

Loftus, G. R. (1996). Psychology will be a much better science when we change
the way we analyze data. Curr. Dir. Psychol. Sci. 161-171. doi: 10.1111/1467-
8721.ep11512376

MacLeod, C., Mathews, A., and Tata, P. (1986). Attentional bias in emo-
tional disorders. J. Abnorm. Psychol. 95, 15-20. doi: 10.1037//0021-843X.9
5.1.15

Maner, J. K., Gailliot, M. T., and DeWall, C. N. (2007). Adaptive attentional attune-
ment: evidence for mating-related perceptual bias. Evol. Hum. Behav. 28, 28-36.
doi: 10.1016/j.evolhumbehav.2006.05.006

Maner, J. K., Kenrick, D. T., Becker, D. V., Delton, A. W., Hofer, B., Wilbur,
C. J., etal. (2003). Sexually selective cognition: beauty captures the mind of
the beholder. J. Pers. Soc. Psychol. 85, 1107-1120. doi: 10.1037/0022-3514.85.
6.107

Nickerson, R. S. (2000). Null hypothesis significance testing: a review of an old
and continuing controversy. Psychol. Methods 5, 241-301. doi: 10.1037//1082-
989X.5.2.241

Pelli, D. G. (1997). The VideoToolbox software for visual psychophysics: trans-
forming numbers into movies. Spat. Vis. 10, 437-442. doi: 10.1163/156856897X
00366

Posner, M. L, and Cohen, Y. (1984). “Components of visual orienting,” Attention
and Performance X: Control of Language Processes, eds H. Bouma and D. Bouwhuis
(Hillsdale, NJ: Erlbaum), 531-556.

Posner, M. I, and Petersen, S. E. (1990). The attention system of the
human brain. Annu. Rev. Neurosci. 13, 25-42. doi: 10.1146/annurev.neuro.1
3.1.25

Pratt, J., Lajonchere, C. M., and Abrams, R. A. (2006). Attentional modula-
tion of the gap effect. Vision Res. 46, 2602—2607. doi: 10.1016/j.visres.2006.
01.017

R Core Team. (2014). R: A Language and Environment for Statistical Comput-
ing. R Foundation for Statistical Computing, Vienna, Austria. Available at:
http://www.R-project.org/

Rhodes, G. (2006). The evolutionary psychology of facial beauty. Annu. Rev. Psychol.
57,199-226. doi: 10.1146/annurev.psych.57.102904.190208

Ro, T., Friggel, A., and Lavie, N. (2007). Attentional biases for faces and body parts.
Vis. Cogn. 15, 322-348. doi: 10.1080/13506280600590434

Saslow, M. G. (1967). Effects of components of displacement-step stimuli upon
latency for saccadic eye movement. J. Opt. Soc. Am. 57, 1024-1029. doi:
10.1364/JOSA.57.001024

Satterthwaite, F. E. (1946). An approximate distribution of estimates of variance
components. Biometrics 2, 110-114. doi: 10.2307/3002019

Shimojo, S., Simion, C., Shimojo, E., and Scheier, C. (2003). Gaze bias both
reflects and influences preference. Nat. Neurosci. 6, 1317-1322. doi: 10.1038/
nnl150

Sohn, D. (1998). Statistical significance and replicability — why the former does
not presage the latter. Theor. Psychol. 8, 291-311. doi: 10.1177/09593543980
83001

Stephens, P. A., Buskirk, S. W., Hayward, G. D., and Martinez Del Rio, C. (2005).
Information theory and hypothesis testing: a call for pluralism. J. Appl. Ecol. 42,
4-12. doi: 10.1111/j.1365-2664.2005.01002.x

Sui, J., and Liu, C. H. (2009). Can beauty be ignored? Effects of facial
attractiveness on covert attention. Psychonom. Bull. Rev. 16, 276-281. doi:
10.3758/PBR.16.2.276

Taylor, T. L., and Klein, R. M. (1998). On the causes and effects of inhi-
bition of return. Psychonom. Bull. Rev. 5, 625-643. doi: 10.3758/BF032
08839

Thoma, V., and Lavie, N. (2013). Perceptual load effects on processing distrac-
tor faces indicate face-specific capacity limits. Vis. Cogn. 21, 1053-1076. doi:
10.1080/13506285.2013.853717

Wagenmakers, E. J. (2007). A practical solution to the pervasive problems
of p values. Psychonom. Bull. Rev. 14, 779-804. doi: 10.3758/BF031
94105

Walker, R., Kentridge, R. W., and Findlay, J. M. (1995). Independent contribu-
tions of the orienting of attention, fixation offset and bilateral stimulation on
human saccadic latencies. Exp. Brain Res. 103, 294-310. doi: 10.1007/BF002
31716

Frontiers in Psychology | Personality and Social Psychology

February 2015 | Volume 6 | Article 42 | 12


http://cran.r-project.org/package=lmerTest
http://cran.r-project.org/package=lmerTest
http://www.R-project.org/
http://www.frontiersin.org/Personality_and_Social_Psychology/
http://www.frontiersin.org/Personality_and_Social_Psychology/archive

Valuch etal.

Visual attention for attractive faces

Wells, G. L., and Windschitl, P. D. (1999). Stimulus sampling and social psy-
chological experimentation. Pers. Soc. Psychol. Bull. 25, 1115-1125. doi:
10.1177/01461672992512005

Yiend, J. (2010). The effects of emotion on attention: a review of atten-
tional processing of emotional information. Cogn. Emot. 24, 3-47. doi:
10.1080/02699930903205698

Conflict of Interest Statement: The editor Ulrich S. Tran declares that, despite being
affiliated at the same institution as the authors Christian Valuch, Lena S. Pfliiger,
Bernard Wallner and Ulrich Ansorge, the review process was handled objectively and
no conflict of interest exists. The authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be construed as
a potential conflict of interest.

Received: 26 August 2014; accepted: 09 January 2015; published online: 02 February
2015.

Citation: Valuch C, Pfliiger LS, Wallner B, Laeng B and Ansorge U (2015) Using eye
tracking to test for individual differences in attention to attractive faces. Front. Psychol.
6:42. doi: 10.3389/fpsyg.2015.00042

This article was submitted to Personality and Social Psychology, a section of the journal
Frontiers in Psychology.

Copyright © 2015 Valuch, Pfliiger, Wallner, Laeng and Ansorge. This is an open-
access article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

www.frontiersin.org

February 2015 | Volume 6 | Article 42 | 13


http://dx.doi.org/10.3389/fpsyg.2015.00042
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/
http://www.frontiersin.org/Personality_and_Social_Psychology/archive

	Using eye tracking to test for individual differences in attention to attractive faces
	Introduction
	Experiment 1: disengagement of attention from faces
	Methods
	Participants
	Face stimuli
	Apparatus
	Experimental procedure
	Rating procedure
	Data analysis

	Results
	Subjective attractiveness ratings
	Saccadic reaction times

	Discussion

	Experiment 2: attentional capture by faces
	Methods
	Participants
	Apparatus
	Stimuli and procedure
	Data analysis

	Results
	Subjective attractiveness ratings
	Saccadic reaction times

	Discussion

	General discussion
	Conclusion
	Acknowledgments
	References


