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Abstract

Background Rapid detection of faces with emotional meaning is essential for understanding the emotions of oth-
ers, possibly promoting successful interpersonal relationships. Although few studies have examined sex differences
in the ability to detect emotional faces, it remains unclear whether faces with emotional meaning capture the atten-
tion of females and males differently, because emotional faces have visual saliency that modulates visual attention. To
overcome this issue, we tested the rapid detection of the neutral faces associated with and without learned emo-
tional value, which are all regarded as free from visual saliency. We examined sex differences in the rapid detection

of the neutral female and male faces associated with emotional value.

Methods First, young adult female and male participants completed an associative learning task in which neu-

tral faces were associated with either monetary rewards, monetary punishments, or no monetary outcomes, such
that the neutral faces acquired positive, negative, and no emotional value, respectively. Then, they engaged in a visual
search task in which previously learned neutral faces were presented as discrepant faces among newly presented
neutral distractor faces. During the visual search task, the participants were required to rapidly identify discrepant
faces.

Results Female and male participants exhibited comparable learning abilities. The visual search results demon-
strated that female participants achieved rapid detection of neutral faces associated with emotional value irrespective
of the sex of the faces presented, whereas male participants showed this ability only for male faces.

Conclusions Our results demonstrated that sex differences in the ability to rapidly detect neutral faces with emo-
tional value were modulated by the sex of those faces. The results suggest greater sensitivity to faces with emotional
significance in females, which might enrich interpersonal communication, regardless of sex.

Highlights

- Female and male participants exhibited a comparable level of successful associative learning.

- Female participants showed rapid detection of neutral faces associated with emotional value, irrespective
of the sex of those faces.

- Male participants showed rapid detection of neutral male faces with emotional value only.

- Male participants did not show a detection advantage for neutral female faces with emotional value.

*Correspondence:

Akie Saito

akie.saito@riken.jp

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-6961-2932
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13293-023-00567-y&domain=pdf

Saito et al. Biology of Sex Differences (2023) 14:84

Page 2 of 12

Keywords Visual search, Learning, Neutral faces, Emotional value, Sex differences

Plain language summary

Speedy detection of faces with emotional meaning plays a fundamental role in social interactions. However, it

is unclear whether females and males differ in their ability to rapidly detect neutral faces associated with newly
acquired emotional meaning/value. This study examined the sex differences in the rapid detection of neutral female
and male faces associated with emotional value subsequent to associative learning. During learning, neutral faces
were paired with monetary reward or punishment, such that they acquired positive or negative emotional value,
respectively. In a subsequent visual search task, previously learned neutral faces were presented as discrepant faces
among newly presented neutral faces, and the participants had to rapidly identify the discrepant faces. The results
showed that, among female participants, neutral faces associated with reward and punishment were detected
more rapidly than neutral faces not associated with monetary outcomes, irrespective of the sex of the face stimuli.
By contrast, male participants only showed the rapid detection of neutral male faces. The results suggest enhanced
sensitivity to faces with emotional meaning among females, which is consistent with the notion of greater sensitivity

to emotional/social information in females.

Background

Faces with emotional meaning are rapidly detected,
which is considered an essential part of emotion process-
ing in interpersonal relationships. Similar to the case of
emotional facial expressions, such as angry or smiling
faces, neutral faces with emotional meaning/significance
acquired via learning have been proven to be rapidly
detected in prior studies [1]. In that study, participants
learned associations between inherently neutral faces
and monetary rewards, punishments, or non-monetary
outcomes via associative learning. The participants sub-
sequently showed more rapid detection of the value-
associated neutral faces compared to the faces with
non-monetary outcomes in a visual search task. It has
been suggested that acquired emotional meaning/signifi-
cance enhances attention and promotes the detection of
value-associated neutral stimuli (i.e., faces [2—4]) In this
sense, shared mechanisms are assumed to underlie the
efficient search for value-associated neutral and emo-
tional facial expressions [5, 6].

Several studies have reported that the processing of
facial emotional information, such as the ability to rec-
ognize emotional facial expressions, could be modulated
by sex differences [7-10]. For example, female partici-
pants reportedly responded faster than male participants
in a labeling task involving a variety of emotional facial
expressions[10], and exhibited stronger attention-related
electric brain potentials in response to emotional facial
expressions[11]. Moreover, female participants in sev-
eral studies were more sensitive to emotional social sig-
nals [12-14]. Another interesting phenomenon relevant
to sex differences in emotion processing is that there is
an own sex bias, whereby people are better able to rec-
ognize or detect facial stimuli of the same sex [8, 9, 15,
16]. These studies indicated that the own sex bias is less

evident in female than male participants. In short, the
evidence suggests female superiority in the processing of
facial emotional information.

In contrast, few studies have examined sex differences
in the rapid detection of emotional facial expressions [16,
17], and the results have been inconsistent. Specifically,
the studies tested the detection speed of emotional facial
expressions using a visual search paradigm and found
female superiority for some emotional facial expressions
in one study [16], but no sex differences in another study
[17]. To the things more complicated, emotional facial
expressions possess not only emotional meaning but also
entail visual saliency (e.g., oblique eyebrows displayed
on angry faces) [18], and it has been known that visual
saliency modulates visual attention [19]. It, therefore,
remains unclear as to the issue of sex differences in the
rapid detection of faces with emotional meaning.

To examine sex differences in the rapid detection of
faces with emotional meaning, it might be beneficial to
use neutral faces that have acquired emotional value,
because, unlike emotional facial expressions, they are not
confounded by visual saliency. To the best of our knowl-
edge, no studies to date have examined sex differences
in the rapid detection of neutral faces associated with
emotional value, and it is unclear whether sex differences
would occur in the rapid detection of neutral faces asso-
ciated with emotional value.

Examining sex differences in the rapid detection of
neutral faces with emotional value might help promote
our understanding of psychiatric disorders. It has been
demonstrated that psychiatric disorders related to the
reward system manifest differently between the sexes
[20]. For instance, females show higher prevalence rates
of depression than males [21, 22], and addictions and the
outcomes of addiction emerge differently by biological
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sex and gender [23]. Given that these disorders arise
from, in part, decreased or enhanced visual attention
toward reward-related stimuli, sex differences in detec-
tion efficiency for value-associated stimuli may partly
explain the sex differences in prevalence rates of psychi-
atric disorders.

In this study, we aimed to examine whether there are
sex differences in the rapid detection of neutral faces
associated with monetary rewards and punishments,
compared to neutral faces with no monetary outcomes
in a visual search task, after successfully learning reward
contingencies. We also examined whether the sex of the
neutral face (female or male) modulated any such sex dif-
ferences in the rapid detection of value-associated neu-
tral faces by manipulating the sex of the neutral face as an
additional experimental factor.

Given the superior emotion processing and sensi-
tivity to the emotional faces of females [10, 11, 13, 14],
we hypothesized that female participants would show
rapid detection of neutral faces associated with emo-
tional value irrespective of those faces’ sex, more advan-
tageously compared to their male counterparts. This
hypothesis was tested using an associative learning task
implemented in previous value-learning studies[1, 24—
26] and a subsequent visual search task [1] (Fig. 1). In the
learning task, participants were required to choose one
face from a pair of neutral faces to maximize their earn-
ings for each experimental trial (300 trials in total). Each
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of the three types of pairs was assigned to either mon-
etary gain (reward), monetary loss (punishment), or a
zero-outcome condition. After learning had been estab-
lished, the participants engaged in the subsequent visual
search task, in which previously learned neutral faces
were presented as targets (discrepant) faces among newly
presented identical neutral distractor faces, and the par-
ticipants had to rapidly detect discrepant faces embedded
among several identical distractor faces.

Methods

Participants

Seventy-seven young adults participated in the
experiment (38 females and 39 males; mean+SD
age=22.2+2.0 years overall), including the data of 29
young adults who took part in a previous study using
the same experimental procedure [1]. All participants
were Japanese undergraduate or graduate students with
normal or corrected-to-normal vision. The sample size
was determined based on an a priori power analysis
using G*Power software (ver.3.1.9.2; [27]). We assumed a
2X2x3 mixed-design analysis of variance (ANOVA) as
an approximation of linear mixed effects model analy-
sis. We set an a of 0.05, power (1-5) of 0.80, effect size
fof 0.25 (medium size), and correlation among repeated
measures of 0.5. The results showed that more than 40
participants were needed. Participants were paid 2,500
Japanese yen for completing the 120-min session, in

\ Total 280 yen
(a)

(b)

Fig. 1 a, b Example trials in the learning task (a) and the visual search task (b). In the learning task, participants were required to choose
one face from each pair to maximize their earnings. In the visual search task, the participants had to identify one discrepant face embedded
among distractor faces. A representative search trial in the target-present condition (for neutral female stimuli). In the actual experiment, the target

faces were not covered with eye masks
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addition to a predetermined bonus of 1,000 Japanese yen
in the associative learning task. This study had a three-
factor mixed design, with participant sex (female or male)
and face stimuli sex (female or male) as between-partici-
pant factors and with the type of emotional value (reward
[monetary gain], punishment [monetary loss], and zero
[no outcome]) as within-participant factors. Categoriz-
ing the sex of the participants was based on self-reports
and physical appearance. Five participants were excluded
on the grounds of possible visual impairment, procedural
errors, or difficulty categorizing them into either sex
group. Thus, the final sample included 72 participants (35
females and 37 males; mean+SD age=22.1+1.7 years).
The cohorts’ demographic data according to sex are
presented in Additional file 1: Table S1. Participants
provided written informed consent. All experimen-
tal procedures were approved by the Ethics Committee
of the Unit for Advanced Studies of the Human Mind,
Kyoto University, and were performed in accordance
with the institutional ethical guidelines and the Declara-
tion of Helsinki.

Apparatus

Stimuli were displayed on a 19-inch monitor (HM903D-
A; lIiyama, Tokyo, Japan), with a refresh rate of 150 Hz
and a resolution of 1024 X768 pixels. Stimuli were con-
trolled by Presentation 14.9 software (Neurobehav-
ioral Systems, San Francisco, CA, USA) running on a
Windows computer (HP Z200 SFF; Hewlett-Packard,
Tokyo, Japan). Participants’ responses were collected by
a response box (RB-530; Cedrus, San Pedro, CA, USA)
with a 2—-3-ms response time (RT) resolution.

Stimuli

For the main experiment, 6 grayscale photographs of
neutral faces of each sex (12 faces in total) were used as
targets, along with one distractor neutral face of each sex.
The stimuli were taken from a database of faces of Japa-
nese faces [28]. Each photograph was adjusted for light
and shade using Photoshop 5.0 (Adobe, San Jose, CA,
USA), and the mean luminance of the stimuli was equal-
ized using MATLAB R2017b (MathWorks, Natick, MA).
The stimuli were also controlled for attractiveness and
distinctiveness. Each stimulus was cropped and embed-
ded within an ellipsoid frame to exclude distinctive fac-
tors (e.g., hairstyle, facial contours), with subtended
visual angles of 3.5° horizontally and 4.5° vertically. Pre-
liminary experiments confirmed that detection speed
did not significantly differ among target faces in the vis-
ual search task (F(5,35)=2.18, p=0.079 for male faces;
F(5,30)=1.05, p=0.41 for female faces). We also adminis-
tered an additional preliminary experiment to determine
whether stimulus sex (i.e., the female or male target faces
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used for the main experiment) could be accurately dis-
criminated by young adults using an online experiment
(N=20, females=10, mean+SD, 31.8+3.7, males=10
mean+SD, 31.8+2.7). The results showed that the par-
ticipants’ ability to discriminate the sex of the faces pre-
sented was significantly higher than the chance level
(mean (SE)=0.93(0.01), t (19)=32.77, p<0.001 by one-
sample ¢ test against 0.5). There was no significant differ-
ence in the recognition accuracy of the sex of the faces
between female and male participants (mean (SE)=0.94
(0.02) for female participants, mean (SE)=0.93 (0.02) for
male participants, ¢t (18)=0.26, p=0.80 by paired ¢ tests),
indicating that both groups were able to equally and
accurately discriminate the sex of the faces.

Associative learning task. There were three pairs of
neutral faces for each sex. Approximately half (n=35)
of the participants were shown neutral female faces (35
participants), and the remaining participants (n=237)
were shown neutral male faces. We attempted to equal-
ize the number of male and female participants for the
two types of face stimuli conditions. In each type of face
stimuli condition, one pair was allocated to one of the
three value-type conditions (reward, punishment, or zero
outcomes). The face pairs were fixed throughout the task,
so that each face invariably appeared with its partner in
each value condition. The allocation of pairs to value con-
ditions was counterbalanced across the participants. In
the reward and punishment conditions, one face of each
pair was designated as the target; the choice of the target
resulted in a monetary reward (20 yen increase in each
trial) in the reward condition and a monetary loss (20
yen decrease in each trial) in the punishment condition,
with a probability of 80% (otherwise 20% probability of
zero outcomes). For the nontarget face in each pair, the
contingency was reversed (20% probability of monetary
reward or loss, and otherwise 80% probability of zero
outcomes). In the zero-outcome condition, one face was
assigned to a target, but no monetary outcomes were
provided (always zero outcomes), regardless of whether
the participants selected the target or non-target face.
Across the participants, target face allocations in each
condition were counterbalanced. Each participant com-
pleted the learning task, experiencing either of the 24
patterns of combinations for the assigned group.

Visual search task. Three target faces from the value
conditions to which individual participants were exposed
during the learning task, along with one neutral distrac-
tor face, were presented to participants. In each face
stimuli conditions, the distractor face was selected from
the database mentioned above using the same criteria
applied for the selection of the six faces in the learning
task. In this task, four faces appeared simultaneously
in a square configuration (11.0°%x11.0°) on the search
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display, with each face appearing in either of four posi-
tions separated by 40°. One target face, along with three
identical neutral distractor faces, appeared in either of
the four positions in an imaginary square configuration
for the target-present trials. Each target face appeared an
equal number of times in the four positions (a total of 32
appearances per target). For the target-absent trials, the
four faces presented were all identical distractor faces.

Procedure

The participants were seated in a chair 80 cm from the
monitor screen, with the chin in a fixed position, in a
dimly lit soundproofed room (Science Cabin, Takahashi
Kensetsu, Tokyo, Japan). The participants were admin-
istered the associative learning and visual search experi-
ments as part of a larger study involving other cognitive
tasks and questionnaires.

Associative learning task. Participants were instructed
to take part in a betting game and to select a face from
each pair of faces that appeared on the computer screen
according to their “gut feeling” Faces were selected by
pressing the corresponding button on the response box.
They were told that the goal was to maximize their earn-
ings. They were also informed that the earned money
would be paid after the experiment and were encouraged
to do their best to earn money. Because the participants
were not informed about which face in each pair was the
target face, they had to learn the contingencies. In each
trial, a pair of faces appeared in the center of the screen
after a 0.9°x 0.9° fixation cross was presented for 500 ms.
One face appeared 2.5° above the fixation cross and the
other appeared 2.5° below the fixation cross. Each face
appeared in the two positions in pseudorandom order.
After the participant made a selection, a “price” mes-
sage appeared on the screen (+20 yen, — 20 yen, or 0
yen), accompanied by a sound that indicated whether
the answer was correct or incorrect (no sound for the
“0 yen” message). Then, the running total of yen earned
was displayed for 1800 ms. Each pair of faces appeared
on the screen 10 times per block (a total of 30 trials), and
the main experiment consisted of 10 blocks of 30 trials
(300 total trials). To prevent the consecutive presentation
of identical face pairs in the same positions within each
block, the order of presentation of each pair of faces was
pseudorandomized. Task instructions and 30 practice tri-
als preceded the main experiment.

Visual search task. Participants were informed that
there would be no monetary reward or loss in this task.
In each trial, a fixation cross was shown for 500 ms on
the screen, followed by the simultaneous presentation
of a stimulus array of four faces. The participants were
given instructions to indicate whether a discrepant face
appeared among the four faces, or whether faces were
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the same, by pressing the corresponding button on the
response box as quickly and accurately as possible. The
response button allocations were counterbalanced across
the participants. Each block contained target-present tri-
als (8 each for reward, loss, and zero-outcome conditions)
and 24 target-absent trials, and the main experiment con-
sisted of four blocks of 48 trials (192 trials in total). To
prevent the consecutive presentation of identical targets
in the same positions, the trials’ order of presentation
was pseudorandomized within each block. Twenty-four
practice trials preceded the main experimental trials.

After the experiment, debriefing took place. The par-
ticipants were asked to report anything they had noticed
while performing the two tasks, such as whether they had
recognized that the discrepant (target faces) in the visual
search task were the same as those that had appeared in
the previous associative learning task. Almost all par-
ticipants (54/56 participants) reported that they had not
noticed that the previously learned faces were presented
as targets in the subsequent visual search task (i.e., fre-
quent answers were those that they had found the task
easy to perform and were able to identify discrepant faces
based on facial features).

Data analyses

Data were analyzed using SPSS (ver.10.0J; SPSS Japan,
Tokyo, Japan) and MATLAB 2020a (MathWorks, Natick,
MA, USA). The a level was set at 0.05.

Associative learning task. A three-way analysis of vari-
ance (ANOVA) with the value type (reward [monetary
gain], punishment [monetary loss], or zero [no outcome])
as a within-participant factor and participant sex (female
or male) and stimulus sex (female or male) as between-
participant factors was conducted to examine whether
successful learning rates differed between the male and
female participants. Follow-up multiple comparisons
were performed using the Ryan method. The effect size
indices (i.e., ;7217) were reported for the ANOVA but not
for the follow-up analyses due to adjustment difficulty
[29]. To compare the mean proportion of target face
choices between block 10 and block 1 in each value con-
dition, paired ¢ tests were performed (two-tailed).

Visual search task. For each participant, the mean RTs
of the correct responses for each condition of the target-
present trials were calculated after excluding responses
longer than 3 s and the measurement+2 SD from the
mean. Regarding accuracy data, three-way ANOVA of
the mean accuracy of each participant with value type as
a within-participant factor and participant sex and stim-
ulus sex as between-participant factors was conducted.
Regarding RT data, a series of linear mixed effects model
analyses were performed to analyze the RTs. Fixed-effect
independent variables included participant sex (female or
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male), stimulus sex (female or male), value type (reward
[monetary gain], punishment [monetary loss], or zero
[no outcome]), and their two-way and three-way interac-
tions. Random by-participant intercepts were added as
per standard ANOVA; besides, model comparison using
Akaike Information Criteria suggested that the model
with only by-participant intercepts was preferred com-
pared with that with by-participant intercepts and slopes.
In cases with a significant three-way interaction, follow-
up simple—simple effects analyses for value type (reward
vs. no-outcome and punishment vs. no-outcome) were
conducted for each participant sexXxstimulus sex con-
dition. When there were significant higher order inter-
actions, other main effects and interactions were not
subjected to interpretation, because they were deemed
likely to be qualified by the higher order interactions.
Standardized coefficients (f; in absolute value) were
reported as the effect size indices [30].

Results

Associative learning task

An optimal face selection accuracy rate>65% in the
final block (i.e., targets and non-targets in the reward
and he punishment conditions, respectively) was con-
sidered indicative of successful learning, following pre-
vious studies [1, 2]. There were 26 and 30 successful
female and male learners, respectively. The proportion
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of target face selections during the final block (10
block) among the successful learners was analyzed
with a three-way ANOVA with participant sex, stimu-
lus sex, and value type as factors. Only the main effect
of value type (F(1,52)=251.66, p<0.001, 172p=0.83)
was significant. The three-way interaction was not sig-
nificant (F(2,104)=0.08, p=0.923, 172p=0.002) and
no other significant effects were observed (F<2.97,
p>0.091, 172p <0.054), indicating no sex differences in the
ability to learn the emotional value associations. Multi-
ple comparisons using the Ryan method showed that
target selection rates in the reward and punishment con-
ditions differed significantly from that in the zero-out-
come condition (£(104)=10.74, p<0.001 for the reward
vs. zero condition, #(104)=11.78, p<0.001, for the pun-
ishment vs. zero condition). Differences in the target
selection rates between the reward and punishment con-
ditions were also significant (#(104)=22.52, p<0.001).
The results indicate that, irrespective of their sex, the
participants were more likely to choose target faces with
reward and to avoid target faces with punishment, com-
pared to target faces without value during the final block
of the learning task. A similar pattern of successful learn-
ing was shown by comparing the selection rates of the
target faces between the first and final blocks (Figs. 2 and
3). The results revealed that the selection of target faces
increased significantly in the reward condition, decreased

e Reward

== == Punishment

Male participants

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

Female participants

Fig. 2 Mean (£ standard error) proportion of male target faces selected during each block in the reward, punishment, and zero-outcome

conditions
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= Reward

= = Punishment

1 2 3 4 5 6 7 8 9 10

Male participants

1 2 3 4 5 6 7 8 9 10

Female participants

Fig. 3 Mean (+standard error) proportion of female target faces selected during each block in the reward, punishment, and zero-outcome

conditions

in the punishment condition, and did not change in
the zero-outcome condition regardless of stimulus sex
or participant sex (¢ (11)=-3.74, p=0.003, d=1.08 for
reward, ¢t (11)=4.27, p=0.001, d=1.23 for punishment,
and ¢ (11)=0.00, p=1.000, d=0.00 for zero-outcome
female faces among female participants; ¢ (14)=-5.41,
p<0.001, d=1.40 for reward, ¢ (14)=4.13, p=0.001,
d=1.07 for punishment, and ¢ (14)=-1.56, p=0.140,
d=0.40 for zero-outcome female faces among male par-
ticipants; ¢ (13)=-5.43, p<0.001, d=1.45 for reward,
t (13)=2.67, p=0.019, d=0.71 for punishment, and ¢
(13)=0.06, p=0.953, d=0.02 for zero-outcome male
faces among female participants; ¢ (14)=-5.47, p<0.001,
d=1.41 for reward, ¢ (14)=8.00, p<0.001, d=2.07 for
punishment, and ¢ (14)=1.01, p=0.328, d=0.26 for zero-
outcome male faces among male participants).

Visual search task

Data from the participants who demonstrated success-
ful learning in the previous associative learning task were
analyzed.

Accuracy data. Face detection accuracy was high
for all the value conditions for both face types among
female and male participants (see Additional file 1:
Table S2 and Additional file 1: Fig. S1). We conducted an
analysis of the mean accuracy of each participant using

participant sexXstimulus sexXxvalue type ANOVA,
and found no significant three-way interaction (F
(2,104)=2.64, p=0.076, 172p=0,048), or no other sig-
nificant effects (F(2,104)<0.40, p>0.67, ;72P<O.OO8),
except the significant main effects of participant sex (F
(1,52)=3.62, p=0.030, ;72p=0.07; female participants
performed better than male participants) and value type
(F (1,52)=4.14, p=0.047, 172p=0.07). Multiple com-
parisons for the value type conditions using the Ryan
method demonstrated that accuracy in the punishment
condition was significantly higher than in the zero-out-
come condition (#(104)=2.70, p=0.008). The differ-
ences between the reward and zero-outcome conditions
or between the reward and punishment conditions were
not significant(¢(104)=1.32, p=0.188; £(104)=1.38,
p=0.171). Because there were no significant higher order
interactions in terms of accuracy in the visual search task,
the results indicate no evident speed—accuracy trade-off
phenomenon.

RT data. The mean RTs for each target condition in
each group are shown in Figs. 4 and 5. Linear mixed
effects model analysis revealed a significant three-
way interaction among participant sex, stimulus sex,
and value type (F(2,4703.1)=5.64, p=0.004, 5=0.02).
Besides, the two-way interaction between stimulus sex
and value type (F(2, 4703.10) =3.23, p=0.039, £=0.01)
and main effects of stimulus sex and value type (F(1,
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Reward I Punishmentl Zero | Reward | Punishmentl Zero
Male participants Female participants

Fig. 4 Mean (+standard error) reaction times (RTs) of the male

and female groups for the detection of neutral male faces associated

with reward, punishment, and zero outcomes in the visual search

task. Asterisks denote significant differences between conditions (**:

p<0.071; * p<0.05)

1200 *
+

1000

800

RT (ms)

600

400

200

Reward I Punishmentl Zero ’ Reward I Punishmentl Zero
Male participants Female participants

Fig.5 Mean (+standard error) reaction times (RTs) of the male

and female groups for the detection of neutral female faces

associated with reward, punishment, and zero outcomes

in the visual search task. Asterisks denote significant differences

between conditions (**: p<0.01; *: p<0.05)

55.704) =10.86, p=0.002, 8=0.26; F(2, 4703.1)=18.12,
p<0.001, B=0.05, respectively) were significant.

To interpret the three-way interaction, follow-up
analyses were performed to examine the effect of the
value type (reward vs. zero outcome and punishment
vs. zero outcome) for each participant sex X stimu-
lus sex condition. For female participants, there were
significant differences between the reward and zero
outcome conditions for both stimulus sex conditions
(F(1,666.25)=11.84, p<0.001 for female stimuli and
F(1,781.16) =24.58, p<0.001 for male stimuli), as well
as between the punishment and zero-outcome condi-
tions (F(1,683.93)=4.51, p=0.034 for female stimuli
and F(1,774.15)=5.59, p=0.018 for male stimuli). The
results indicated that for female participants, faces
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associated with reward and punishment were detected
more rapidly than those associated with zero outcomes,
which were irrelevant to the sex of the faces displayed.

In contrast, male participants detected value-associated
faces significantly more rapidly than zero-outcome faces
only for male face stimuli (F(1,820.12)=5.81, p=0.016
for reward vs. zero-outcome and F(1,825.24)=22.02,
p<0.001 for punishment vs. zero-outcome). For
female face stimuli, there were no significant differ-
ences between the reward and zero-outcome conditions
(F(1,822.97)=1.72, p=0.189) or between the punish-
ment and zero-outcome conditions (F(1,821.92)=0.69,
p=0.406). These results indicated that male participants
showed a detection advantage only for same-sex value-
associated target faces.

Discussion

This study focused on examining sex differences in the
ability to rapidly detect neutral faces associated with
monetary rewards and punishment in a visual search task
after reward contingencies were acquired. We also exam-
ined whether the rapid detection of neutral faces with
emotional value depends on the sex of the stimuli (faces).

Analyses of learning performance indicated no sex dif-
ferences in the ability to learn emotional value associa-
tions, and irrespective of their sex, the participants were
more likely to choose reward-associated neutral faces
and avoid punishment-associated neutral faces than neu-
tral faces without emotional value during the final block
of the learning task. Moreover, the likelihood of choosing
reward-associated neutral faces and punishment-asso-
ciated neutral faces increased or decreases as learning
became established, while the likelihood of choosing tar-
get neutral faces in the zero-outcome condition did not
change, for participants of either sex. These results sug-
gest that participants were able to acquire positive or
negative emotional value throughout the learning task
and that there are no sex differences in this behavioral
pattern of learning, which is consistent with prior stud-
ies reporting no sex differences in behavioral patterns
(i-e., accuracy) in reward- and punishment-based learn-
ing [31-34].

More importantly, the results of the visual search task
demonstrated sex differences in the rapid detection of
reward- and punishment-associated neutral faces, mod-
ulated by the sex of the face stimuli. Although female
participants exhibited a detection advantage for both
reward- and punishment-associated neutral face stim-
uli irrespective of the sex of the faces, male participants
showed a detection advantage for male faces only. These
results suggest that emotional value acquired via learning
facilitates the rapid detection of value-associated neutral
faces (reflected in shorter RTs in the value-associated
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condition than in the no-monetary outcome condition)
by females and by males for same-sex faces, which aligns
with previous studies showing that neutral faces acquired
emotional value via associative learning [2, 3, 5] and that
there is a relationship between subjective emotional rat-
ings and rapid detection of value-associated neutral faces
[1].

Male participants did not show a detection advantage
for the neutral faces associated with emotional value
when the discrepant neutral faces in the visual search
task were female faces. It is plausible that the acquired
emotional value did not exert sufficient power to facili-
tate the rapid detection of value-associated neutral
faces of the opposite sex (female faces) among male par-
ticipants. In this sense, it might be said that the female
participants were better able to rapidly detect value-asso-
ciated neutral faces than the male participants. Female
participants’ superior performance in the rapid detection
of value-associated neutral faces was also shown by com-
paring the accuracy with which the female and male par-
ticipants detected the value-associated neutral faces.

The detection advantage of the value-associated neutral
faces of our female participants accords with previous
studies indicating enhanced visual attention to emotional
faces (non-threat-related faces) and reward- and pun-
ishment-related stimuli among female participants [10,
11, 13, 16, 35]. It has been documented that females are
more likely than males to be aware of and pay attention
to other people’s emotions and to pick up social signals
to facilitate communication and increase social bonding
[9, 36] This probably might be attributable to combined
influences of the evolutionarily and socially/culturally
determined role of females as primary caregivers [37-
39], whereby females are expected to take the lead in nur-
turing their children, regardless of children’s sex [9, 40].
Our results suggest that such a sex/gender-based-specific
pattern of attention allocation to emotionally significant
stimuli among females occurs even when they view neu-
tral faces with newly learned emotional value.

Male participants were vulnerable to modulations by
the sex of the neutral faces, only showing rapid detec-
tion of value-associated neutral faces of the same sex
(own sex bias), which is consistent with prior studies
reporting a greater effect of own sex bias in the pro-
cessing of emotional stimuli among male than female
participants [8, 9, 15, 16] for threat-related faces. Pos-
sibly, the male participants might have paid more atten-
tion to the value-associated same-sex faces than to the
same-sex faces without value relative to the case of
opposite-sex faces. Similar to the hypothetical accounts
applied to female participants, this pattern of results
might reflect the evolutionarily and socially/culturally
constrained roles of males, where rapidly extracting
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information about the emotions of other males in com-
petitive situations would have been critical for survival
from an evolutionary perspective (i.e., inter-male com-
petition [41], and might also be crucial for participating
in economic and political life in today’s society.

Alternatively, our male participants might have placed
the same amount of value on the zero-outcome neutral
female faces as they did on the neutral female faces asso-
ciated with reward and punishment, which might have
led to the absence of the rapid detection of value-associ-
ated female neutral faces among male participants. Rele-
vant prior functional neuroimaging studies have reported
increased activation of the amygdala among male par-
ticipants but not female participants during exposure
to neutral faces of the opposite sex vs. the same sex [8,
15]. Interpreting the result patterns, Fisher et al.[15]
have argued that sex differences in mate selection pref-
erences [42] might explain why females are more likely
than males to seek a mate based on nonphysical charac-
teristics, whereas physical attractiveness is reportedly a
necessity to males for seeking their mate [42, 43]. Given
this possibility, it is likely the physical attractiveness of
the female—neutral faces in our study might have affected
the detection performance for our male participants;
even female—neutral faces without monetary value might
have been as attractive as the value-associated female—
neutral faces for the male participants.

Significant implications of the superior performance
in the rapid detection of value-associated neutral faces
of our female participants concern the relationship
between their enhanced attention to value-associated
neutral faces and emotional well-being. Our results sug-
gest that young female adults pay considerable attention
to both opposite- and same-sex faces with emotional
value. Although enhanced awareness and attention to
faces with emotional meaning might be adaptive in terms
of understanding the emotions of others and thus facili-
tate communication in most cases, it can also be a “dou-
ble-edged sword”: it has been documented that among
young females, interpersonal problems are particularly
associated with psychological distress [21]. It might be
the case that greater attention to the faces of emotion-
ally significant others (i.e., loved ones) drives an excessive
focus on interpersonal relationships, possibly leading to
the development of mental illnesses due to interpersonal
problems among young females, as proposed in prior
studies reporting a greater sensitivity of females to emo-
tional stimuli, including stimuli related to reward and
punishment [11, 35, 44]. It is of note, however, that for
most adult females, greater attention to and engagement
with emotions facilitates adaptive emotion regulation
[45], which may, in turn, promote well-being. Against
this background, our findings might imply that some
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vulnerable female adults may be prone to mental prob-
lems if they have greater sensitivity to emotional faces.

It is also notable that although the own sex bias exhib-
ited by our male participants in the rapid detection of
value-associated neutral faces appears adaptive in today’s
society, social/cultural norms inevitably change as the
members of the society change. Undifferentiated atten-
tion to female faces irrespective of behavioral/emotional
significance by males may not be as adaptive in the future
as it is considered to be at present. Paying enhanced
attention to the facial expressions of behaviorally/emo-
tionally significant females, to better understand their
emotions, may ultimately improve males’ own well-being.

In addition, our results might offer insight into the bio-
logical mechanisms underlying the sex differences in the
rapid detection of neutral faces with emotional value.
First, regarding the neural substrates, prior studies have
demonstrated that the amygdala plays a key role in the
processing of emotional faces [46—51]. Some neuropsy-
chological studies further showed that amygdala lesion
impair the rapid detection of emotional facial expressions
[47, 48, 51], indicating the amygdala activity underlies the
rapid detection of emotional facial expressions. Crucially,
neuroscientific study has revealed commonality in the
amygdala between the processing of innate and learned
emotional stimuli [52, 53]. This suggests that the shared
underlying mechanisms in the amygdala between innate
and learned emotional stimuli. Considering these find-
ings, it might be possible to assume that the amygdala
could be involved in the rapid detection of neutral faces
with acquired emotional value, and our participants’ pat-
tern of RTs (an indicator of detection speed) might likely
reflect the amygdala activity in the brain. Regarding the
relevance of our study to the biology of sex differences,
some research has shown that amygdala activity is more
lateralized in male participants than in female partici-
pants during the viewing of emotional facial expressions
[54, 55], but see [56]. Bilateral activation in females is
proposed to contribute to their superior processing of
emotional facial expression [57-59]. Together with these
data, our results suggest that sex differences in amyg-
dala activity may underlie the sex differences in the rapid
detection of neutral faces with learned emotional value
observed in this study.

Second, regarding sex differences in hormonal influ-
ences on social/emotional behavior, oxytocin has been
demonstrated to modulate emotion processing [60—62].
Crucially, oxytocin reportedly facilitates early stages of
emotional facial expression processing [63—65] but see
[66], suggesting a relationship between oxytocin and the
rapid detection of emotional facial expressions. Regard-
ing sex differences in endogenous oxytocin, female par-
ticipants reportedly have higher plasma oxytocin levels
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than male participants [67, 68], which might explain the
superior performance of processing emotional facial
expressions in female participants, [10, 11, 13, 14] given
the relationship between oxytocin and emotion process-
ing. Combined with the idea that the shared mechanisms
underlie the efficient search for value-associated neutral
and emotional facial expressions [5, 6], differences in oxy-
tocin levels may also underlie sex differences in the rapid
detection of neutral faces with learned emotional value.

There are several limitations that should be consid-
ered. First, the sample of our study was Japanese adults.
Our results might have been affected by the gender
role expectations prevalent in Japanese society; Japan
has a low ranking for gender equality (Global Gender
Gap Index [69]). Therefore, the generalizability of our
results might be limited. Future studies should clarify
whether the sex/gender differences in the ability to rap-
idly detect value-associated neutral faces observed in our
young Japanese participants generalize to young adults
living in other countries with greater gender equality,
such as Northern European countries. Second, we did
not provide a detailed discussion of the influence of sex
differences in brain structure/functions or hormonal/
chromosomal status on the sex-specific patterns of rapid
detection of value-associated neutral faces; such factors
inarguably modulate the processing of affective stimuli
differently depending on participants’ sex [9, 70]. Further
research should examine how and to what extent evolu-
tionary and social/cultural factors interact with biologi-
cal/genetic ones to generate sex/gender differences in the
ability to rapidly detect faces with emotional value.

In conclusion, the present study demonstrated that sex
differences in the ability to rapidly detect neutral faces
with emotional value differed according to the sex of
the face stimuli. These results suggest that sex/gender-
specific characteristics in the processing of emotional
stimuli, which are thought to be influenced by both evo-
lutionary and social—cultural actors, also exert power on
the rapid detection of newly learned neutral faces with
emotional value.

Perspectives and significance

Our finding suggests that, whether learned or innate,
emotion modulates the ways of perception and behavio-
ral output in a different manner between female and male
adults.
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