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In a study concerning visual body part recognition, a “self-advantage” effect, whereby
self-related body stimuli are processed faster and more accurately than other-related body
stimuli, was revealed, and the emergence of this effect is assumed to be tightly linked to
implicit motor simulation, which is activated when performing a hand laterality judgment
task in which hand ownership is not explicitly required. Here, we ran two visual hand
recognition tasks, namely, a hand laterality judgment task and a self-other discrimination
task, to investigate (i) whether the self-advantage emerged even if implicit motor imagery
was assumed to be working less efficiently and (i) how individual traits [such as autistic
traits and the extent of positive self-body image, as assessed via the Autism Spectrum
Quotient (AQ) and the Body Appreciation Scale-2 (BAS-2), respectively] modulate
performance in these hand recognition tasks. Participants were presented with hand
images in two orientations [i.e., upright (egocentric) and upside-down (allocentric)] and
asked to judge whether it was a left or right hand (an implicit hand laterality judgment
task). They were also asked to determine whether it was their own, or another person’s
hand (an explicit self-other discrimination task). Data collected from men and women
were analyzed separately. The self-advantage effect in the hand laterality judgment task
was not revealed, suggesting that only two orientation conditions are not enough to trigger
this motor simulation. Furthermore, the men’s group showed a significant positive
correlation between AQ scores and reaction times (RTs) in the laterality judgment task,
while the women’s group showed a significant negative correlation between AQ scores
and differences in RTs and a significant positive correlation between BAS-2 scores and
dprime in the self-other discrimination task. These results suggest that men and women
differentially adopt specific strategies and/or execution processes for implicit and explicit
hand recognition tasks.
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INTRODUCTION

Over time, hands have developed in a remarkably human-
specific manner and serve as an important interface between
human’s external worlds (including other people) and their
individual selves. In the past two decades, neuroimaging studies
have revealed that a specific area of the brain [the extrastriate
body area (EBA)] is selectively activated when perceiving body
parts (e.g., Downing et al., 2001; Peelen and Downing, 2005;
see Peelen and Downing, 2007 for a review). It is known that
the right EBA responds more to allocentric view of body parts
than to egocentric view and this preference in the right EBA
for allocentric view is associated with social cognition (e.g.,
self-other discrimination; Chan et al., 2004; Saxe et al., 2006).
Furthermore, Bracci et al. (2010) found a hand-preferring region
in the EBA, suggesting that representations of the hand in
the extrastriate visual cortex are distinct from representations
of other body parts.

Many studies have investigated mental rotation tasks using
hand stimuli (ie., hand laterality judgment tasks) since the
pioneering works in the field of cognitive psychology (Cooper
and Shepard, 1975; Sekiyama, 1982; Parsons, 1987). These hand
laterality judgment tasks developed from an object mental rotation
task (Shepard and Metzler, 1971). The judgment task requires
participants to determine whether a visual hand stimulus (which
could be presented in several angular orientations) is a right or
left hand. Reaction times (RTs) are linearly modulated by angular
orientations of stimuli when performing a classic object (or letter)
mental rotation task, which suggests that participants are mentally
rotating the stimuli toward the familiar (i.e., the upward) position.
However, the RTs in a hand laterality judgment task are not
linearly modulated by the angular orientations of hand stimuli.
Indeed, RTs depend on biomechanical constraints. Specifically,
longer RTs were observed in this task, as it requires the
biomechanically difficult mental rotation of a hands image, in
comparison with a task that is biomechanically easier, even when
the necessary stimulus rotation is equal (Parsons, 1994; Parsons
et al., 1998; de Lange et al., 2006). Furthermore, the hand posture
adopted by participants during this task also influences their RTs
(Tonta et al,, 2007; Tonta and Blanke, 2009). Specifically, longer
RTs for hand laterality judgments were shown when participants
were holding both hands behind their back than when the same
task was performed with both hands placed on their knees. The
biomechanical effect is stronger when the hands were presented
from palm than from back, because physically rotating palms is
assumed to be more difficult than rotating backs of hands
(Sekiyama, 1982; Parsons, 1987, 1994; Gentilucci et al., 1998; ter
Horst et al., 2010; Bldsing et al, 2013; Zapparoli et al., 2014;
Conson et al., 2020). These results indicate that hand laterality
judgment tasks involve implicit motor imagery processes. However,
some studies did not reveal the effect of biomechanical constraints
on the RTs (e.g., Lust et al., 2006; Steenbergen et al., 2007). ter
Horst et al. (2010) suggested that engagement in motor imagery
when performing a hand laterality judgment task depends on
the used number of axes of rotation of the stimulus set.

In the last decade, research has increasingly addressed how
people distinguish between their own hands and the hands

of others (e.g., Aranda et al, 2010; Rossetti et al., 2010).
Frassinetti and colleagues (Frassinetti et al., 2008, 2009) found
a “self-advantage” effect, whereby self-related body stimuli are
processed faster and more accurately than other-related body
stimuli. Ferri et al. (2011), however, reported that the self-
advantage effect emerged only when performing a hand laterality
judgment task in which the participant did not explicitly need
to recognize the identity of the hand (i.e., an implicit hand
recognition task), and noted that this effect did not emerge
in an explicit self-recognition task (i.e., a self-other discrimination
task). Conson et al. (2015) also ran these visual hand recognition
tasks (hand laterality judgment and self-other discrimination
tasks), replicating the results of Ferri et al. (2011), and suggested
that implicit motor imagery processes are essential for the
emergence of the self-advantage effect (see also Frassinetti
et al, 2011). Furthermore, concerning self-other discrimination
tasks, Conson et al. (2015) found a “self-disadvantage” effect
that led to longer RTs for the self-hand image, when compared
with RTs for other-hand images (see also Ferri et al., 2011).
Recently, several studies using these visual hand recognition
tasks have investigated task performance in clinical populations
in comparison with healthy participants. In Campione et al.
(2017), women outpatients diagnosed with eating disorders
[N = 15; mean (+ SD) age = 18.0 + 2.1; age range = 15-21]
were recruited, and they did not show the self-advantage effect
in a hand laterality judgment task (although the RTs of these
outpatients were comparable to those of the control participants).
Furthermore, Conson et al. (2016) found that individuals with
autism spectrum disorder [ASD; 18 participants (1 woman);
mean (+ SD) age = 14.6 + 4.2; age range = 10-20] showed
significantly longer RTs in comparison with typically developing
(TD) peers in a classical hand laterality judgment task in which
self-hand images were not used (see also Conson et al., 2013).
These studies investigating clinical populations inspired a
research question concerning whether and how the extent of
a person’s autistic traits and body appreciation affect their
performance of implicit and explicit hand recognition tasks,
compared to the same tasks performed by members of a
population of TD participants. It is known that ASD is more
common in males than females, with a male-to-female ratio
of about 4 to 1 across the whole autism spectrum (Baird
et al.,, 2006), and rising to 8 or 9 to 1 in higher-functioning
samples (Mandy et al, 2011). By contrast, eating disorders
are predominantly found in females, with a female-to-male
ratio from about 4 to 1 during adolescence and about 10 to
1 in adulthood (Striegel-Moore and Bulik, 2007; Reijonen et al.,
2016). Previous studies (e.g., Linn and Petersen, 1985; Voyer
et al., 1995; Collins and Kimura, 1997) demonstrated that
women exhibit inferior visuospatial performance, compared to
men. The task involved in the hand laterality judgment calls
for deciding whether the presented hand image is a right or
left hand. Left-right discrimination is essential in everyday
life, but many people report difficulties discriminating left from
right in daily life, which results in left-right confusion. Sex
differences in this confusion based on self-reported data have
been found, indicating that women are more prone to left-
right confusion than men are (e.g., Hannay et al., 1990).
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With the above mind, we wondered whether and how sex
difference affects the performance of implicit and explicit hand
recognition tasks, even in those populations in which people
have not been diagnosed. Indeed, Mochizuki et al. (2019) and
Conson et al. (2020) recently investigated the effect of sex
differences on the performance of a classical hand laterality
judgment task, but the effect of sex differences on the performance
of implicit and explicit hand recognition tasks (using self- and
other-hand images) remains an open question. Answering this
question will contribute to our further understanding of self-
other discrimination and body part recognition.

During previous visual hand recognition tasks, the numbers
of orientation conditions for the hand image were manipulated.
For example, the numbers Ferri et al. (2011) and Conson
et al. (2015) used were four and six, respectively (see also
Ferri et al., 2012; Conson et al., 2017; De Bellis et al., 2017).
It is assumed that the task would be easy and that implicit
motor imagery processes would work less efficiently if the
number of orientation conditions of the hand image is limited
to two (i.e., upright and upside-down). Therefore, the current
study aims to investigate whether the self-advantage effect
emerges in the hand-laterality task and whether the self-
disadvantage effect is revealed in the self-other discrimination
task, even when the number of orientation conditions of the
hand image in each visual hand recognition task is limited
to two [egocentric (upright; 0°) and allocentric (upside-down;
180°); cf. Chan et al., 2004; Saxe et al., 2006; Conson et al., 2010].

The present study investigated how the individual traits of
TD university students (who had not been diagnosed) modulated
their performance in hand laterality judgment and self-other
discrimination tasks using the Autism Spectrum Quotient (AQ)
test (Baron-Cohen et al., 2001; Japanese version: Wakabayashi
et al., 2004) and the Body Appreciation Scale-2 (BAS-2; Tylka
and Wood-Barcalow, 2015; Japanese version: Namatame et al.,
2017). Specifically, we focused on whether and how the differences
in parameters (e.g., accuracy, reaction time, etc.) between self
and other conditions, as an index of self-(dis)advantage, are
modulated according to the scores of individual traits (the
AQ and the BAS-2) in implicit and explicit hand recognition tasks.

MATERIALS AND METHODS

Participants

In total, 36 right-handed university students [20 men, mean
age (+ SD): 21.4 + 1.4] participated in the following visual
hand recognition tasks. Of these participants, six were excluded
because of their outlier performances (see Results section for
details), leaving 30 participants (15 men) for inclusion in the
analysis. All participants were confirmed to be right-handed
[the minimum score among the participants was 30, and with
a mean score (+ SD) of 88.0 = 16.3], as assessed by the
Edinburgh Handedness Inventory (Oldfield, 1971). They had
normal or corrected-to-normal vision, and none had any motor
or sensory abnormalities. This study was approved by the ethics
committee of Tokyo Metropolitan University’s Hino Campus,
and all participants provided written informed consent according

to the Declaration of Helsinki. They were naive to the purpose
of the experiment and were paid for their participation.

Apparatus

Photographing Participants’ Hands

A digital camera (PowerShot SX620 HS, Canon, Tokyo, Japan)
installed in a box on a table (see Procedure section for details)
was used, and stimuli were produced using Adobe Photoshop 2019.

Visual Hand Recognition Tasks (Laterality
Judgment and Self-Other Discrimination Tasks)

A laptop PC (ZenBook Pro UX550VD-7700. AsusTek Computer
Inc., Taipei, Taiwan; 15.6 inches, screen resolution = 1,920 x 1,080
pixels) was used to present the stimuli and for data acquisition.
Reacting with the hand itself could influence the performance
in a visual hand recognition task, so participants were required
to perform the task using their preferred foot with a triple foot
pedal (RI-FP3BK. Route-R Corporation, Tokyo, Japan, see
Figure 1A).

Questionnaire

The Autism Spectrum Quotient test (Baron-Cohen et al., 2001;
Japanese version: Wakabayashi et al., 2004) is one of the most
well-known questionnaires for measuring autistic traits. It consists
of five subscales (i.e., social skill, attention switching, attention
to detail, communication, and imagination). Each subscale has
10 items, resulting in a 50-item questionnaire (i.e., the maximum

A Triple foot pedal
= =
g1 2] |2
s (14
Exp 1 Left ::;ar: Right
Self Trial Other
Eap# (Other)  start  (Self)
B
Tasks

«Left or right? (Exp 1)
«Self or other? (Exp 2)

Press
the middle pedal

Response

FIGURE 1 | Experimental setup. Button assignment of triple foot pedal for
response. Middle button was assigned for the trial start (A). A time sequence
of the trial. Participants pressed the middle pedal after a white cross
appeared on the screen, and then a hand image (in the experiment, a
full-color photograph was used) appeared, prompting a response (B).
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possible score is 50). If the score is 33 (the cutoff score in
the Japanese version) or higher, that participant could possibly
have a clinically significant level of autistic traits.

The Body Appreciation Scale-2 (Tylka and Wood-Barcalow, 2015;
Japanese version: Namatame et al., 2017) is a widely used 10-item
questionnaire on positive body image. This is a revision of the
original 13-item BAS (Avalos et al, 2005). The average score
of the 10 items is the participant’s final BAS-2 score. The maximum
possible score is 5, with higher scores indicating higher levels
of body appreciation.

Procedure

Photographing Participants’ Hands

Participants sat comfortably on a chair and placed their hands
in a box on a table. Their palms were touching the surface
of the table, and the backs of the hands were photographed
using a box on the ceiling of which a rail was installed for
sliding the digital camera to take pictures of the right and
left hands easily. Participants could not see the inside the box,
and they were asked, prior to participating, to agree to have
their hands photographed.

Full-color photos were made of the participants’ left and
right hands (i.e., backs of the hands) against a gray background
(1,063 x 1,063 pixels, see Figure 1B). One hand image was
located in the center of each stimulus. The original images of
the hands (one picture per hand) in the upright orientation
(0°, consistent with the perspective of the viewer, i.e., upright)
were digitally manipulated to obtain the hand images at an
opposite orientation (180°, ie., upside-down). These two
orientations of the hand images (0 and 180°) were used as stimuli.

Visual Hand Recognition Tasks

About 1 week after their hands were photographed, participants
engaged in two visual hand recognition tasks (i.e., a laterality
judgment task and a self-other discrimination task). All
participants performed the laterality judgment task first, followed
by the self-other discrimination task on the same day (cf.
Campione et al, 2017). We adopted this order to minimize
participants” attention to hand ownership when completing the
laterality judgment task.

Laterality Judgment Task

Participants viewed the display on a laptop computer from a
distance of approximately 60 cm while seated comfortably on
a chair in front of the table on which the laptop was located.
A triple foot pedal was situated beneath the participant’s feet,
and the center of the pedal was aligned with the participant’s
sagittal plane. Each participant was required to remove their
shoes and to react to the stimuli using their right or left foot
(Figure 1A). Concerning the response foot when starting the
trial (i.e., pressing the middle button, Figure 1A), half of the
participants began each trial with the right foot, while the
other half started with the left foot. Once underway, the foot
used could not be changed during the experiment. Participants
were also required to place their hands in their lap, and their
hands were concealed by a towel.

At the beginning of the trial, a white cross (i.e., a fixation
point, 1.7 x 1.7°) was presented in the center of the display.
When participants intended to start the trial, they pressed the
middle pedal of the triple foot pedal. Immediately after pressing
the pedal, a hand stimulus (18.4 x 18.4°) was presented in the
center of the display. Participants were instructed to decide whether
the presented hand stimulus was an image of a right or left hand
and to respond as quickly and accurately as possible (Figure 1B).
The right pedal was assigned for responding to the right hand
images, and the left pedal was assigned for responding to the
left hand images. For the other hand images, the hands of two
sex-matched persons whom the participants did not know (ie.,
the authors’ colleagues and other participants) were used.

The experiment consisted of 180 trials [= 2 (hand image
laterality) x 2 (visual perspective conditions) x 3 (person’s
hands, ie., own and two same-sex others) x 15 trials (in
each)], and participants took a 2-min break every 60 trials.
Before the test trials, each participant performed 16 practice
trials to ensure that they were performing the trials according
to the instructions.

Self-Other Discrimination Task
The experimental procedure for the self-other discrimination
task was the same as the one used in the laterality judgment
task, except that the participants’ reactions to the right or left
hand image were replaced by a reaction to the participants’
own hands or the hands of another person of the same sex.
The right pedal was assigned for responding to the self-
hand images, while the left pedal was assigned for responding
to the other person’s hand images for half of the participants.
The pedal assignment for responding was reversed for the
other half of the participants.

Questionnaire

All participants completed the Japanese pencil-and-paper versions
of the AQ (Wakabayashi et al., 2004) and BAS-2 (Namatame
et al,, 2017) tests after performing the visual hand recognition
tasks. The items in the AQ (e.g., “It does not upset me when
my daily routine is disturbed”) are answered on a 4-point
Likert scale (“definitely agree;” “slightly agree,” “slightly disagree,”
and “definitely disagree”), while the participants rated each
item of the BAS-2 (e.g., “Despite its flaws, I accept my body
for what it is”) to indicate whether the question was true
about the participant’s approval and acceptance of their own
body, noted on a 5-point scale (i.e,, never = 1, seldom = 2,
sometimes = 3, often = 4, and always = 5).

Data Processing and Analysis

Visual Hand Recognition Tasks

Accuracy and RTs were recorded in each condition. For each
participant, RT outliers were removed by excluding trials with
RTs that fell more than three SDs from the median of all
trials. ANOVAs were conducted on accuracy and RTs, with
sex (women and men) as a between-participants factor, and
with hand ownership (self and other), hand image laterality
(left and right), and visual perspective (upright and upside-
down) as within-participant factors.
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The sensitivity and response criterion for visual hand
recognition were calculated as dprime and In(f), respectively,
according to the signal detection theory. The calculation of
these two values was based on the formula reported by Macmillan
and Creelman (1991). These values were also entered into
ANOVAs, with sex (women and men) as a between-participants
factor, and with two within-participant factors, namely, hand
ownership (self and other) and visual perspective (upright and
upside-down) in the laterality judgment task and hand laterality
(left and right) and visual perspective (upright and upside-
down) in the self-other discrimination task. Bonferroni-corrected
post-hoc comparisons were performed when necessary.

Relationships Between Task Performance and
Questionnaires’ Scores

Two questionnaire scores (i.e., AQ and BAS-2) were calculated
for each participant. To determine whether and how individual
traits would be related to ability in visual hand recognition,
non-parametric Kendall rank correlation coefficients between
each questionnaire score (AQ and BAS-2) and each parameter
of task performance [accuracy, RTs, dprime, In(f) (these values
were averaging all conditions), and the differences in accuracy
and RTs between the self and other conditions] were computed
by sex. When computing each correlation coeflicient, two levels
(i.e., men and women) were set in the experimental design,
so & = 0.05/2 = 0.025 was considered to be statistically significant,
using the Bonferroni correction.

RESULTS

Data from the six participants whose accuracy or RTs did not
fall within the range of the mean values + two SDs in each
visual recognition task were excluded from the data analysis.
Therefore, the data of 30 participants (15 men) were included
in the following results.

Accuracy
Overall accuracy was high in both tasks at 96.2% in the laterality
judgment task and 98.2% in the self-other discrimination task
(see Table 1).

Laterality Judgment Task

The main effect of laterality was significant [F(1, 28) = 7.941,
p = 0.009, partial #* = 0.221; left hand image: 97.2 + 4.6%;
right hand image: 95.3 + 6.7%]. The significant main effect
of visual perspective [F(1, 28) = 6.297, p = 0.018, partial
n* = 0.184] was also noted. Furthermore, a second-order
interaction among sex, ownership, and visual perspective
(sex x ownership x visual perspective interaction) was noted
[F(1, 28) = 4.411, p = 0.045, partial #*> = 0.136], and a post-
hoc comparison revealed that accuracy concerning the self-
image (97.3%) was higher than that concerning the other image
(94.0%) on the upside-down image condition when the participant
group was women, but no such significant difference was noted
when the participant group was composed of men.

TABLE 1 | Mean accuracy % (standard deviation) in the laterality judgment (top)
and self-other discrimination (bottom) tasks (0°: upright, 180°: upside-down).

Self Other
Left Right Left Right
0° 180° 0° 180° 0° 180° 0° 180°
Laterality judgment task
Men 98.7 96.0 96.0 92.4 98.0 96.2 96.0 92.4
@8 @49 (G5 ©O0 @O (64 (62 (7.6
Women  98.7 97.8 97.3 96.9 97.3 94.9 98.0 93.1

(3.7) (4.1) (5.5) (5.0) (4.4) (6.0) (3.7) (7.8)
Self-other discrimination task
Men 96.0 98.2 98.2 99.1 99.1 98.9 99.3 99.3
®7 @1 @0 (23 (20 (24 014 19
96.4 99.1 98.7 96.9 99.1 98.4 98.0 96.4
(4.3) (3.4) (3.7) (7.1) (2.0) (3.5) (3.3 (1.9

Women

Self-Other Discrimination Task
No significant main effects on factors and no interactions were
noted (p > 0.071).

Reaction Times

Laterality Judgment Task

A significant main  effect of visual perspective
[F(1, 28) = 53.792, p < 0.001, partial #* = 0.658] and a
significant interaction between hand image laterality and
visual perspective [F(1, 28) = 4.809, p = 0.037, partial
n* = 0.147] were noted (Figure 2). The results indicate
that RTs for the upright image were shorter than those for
the upside-down image, regardless of the hand laterality
(1,037 wvs. 1,273 ms, when a left hand image was
presented; 985 vs. 1,288 ms, when a right hand image was
presented). It is noteworthy that shorter RTs for the self-
hand image, which were observed in previous studies
(e.g., Ferri et al, 2011), were not revealed in the
present experiment.

Self-Other Discrimination Task

We found a significant main effect of ownership [F(1,
28) = 7.557, p = 0.010, partial #* = 0.213], a significant
interaction between sex and visual perspective [F(1,
28) = 4.292, p = 0.048, partial #*> = 0.133] and a significant
second-order interaction among sex, ownership, and visual
perspective [F(1, 28) = 7.491, p = 0.011, partial #* = 0.211].
A post-hoc comparison revealed that RTs for the other hand
image (876 ms) were shorter than those for the self-hand
image (1,000 ms) on the upside-down image condition when
the participant group was women, but no such significant
difference was noted when the participant group was composed
of men (Figure 2).

Dprime

Laterality Judgment Task

We found significant main effects of ownership [F(1, 28) = 10.798,
p =0.003, partial > = 0.278], visual perspective [F(1, 28) = 6.774,
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Laterality judgment task
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Self-other discrimination task
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Upside-down

women and men, respectively.

FIGURE 2 | Reaction times (RTs) in the laterality judgment and self-other discrimination tasks. While no significant difference between the self and other conditions
was noted in the laterality judgment task, RTs for the other hand image were significantly shorter than those for the self-hand image when the upside-down image
was presented in the self-other discrimination task (see the text for detailed results). A black-lined square and diamond in each condition indicate mean values for

Self Other‘ Self Other
Upside-down

Self Other| Self Other
Upright

p = 0.015, partial #* = 0.195], and a significant interaction
between ownership and visual perspective [F(1, 28) = 4.475,
p = 0.043, partial 7> = 0.138]. A post-hoc comparison revealed
that dprime for the other hand image (3.82) was greater than
that for the self-hand image (3.43) when an upright hand image
was presented.

Self-Other Discrimination Task

A significant interaction between sex and hand laterality was
noted [F(1, 28) = 6.164, p = 0.019, partial #* = 0.180], but
a post-hoc comparison revealed that no significant differences
were found.

In(p)

Laterality Judgment Task
No significant main effects on factors and no interactions were
noted (p > 0.087).

Self-Other Discrimination Task
No significant main effects on factors and no interactions were
noted (p > 0.122).

Questionnaires
Participants AQ scores ranged from 6 to 34, with a mean
AQ score of 19.4 (SD = 6.3), and no significant difference
between the men’s and women’s groups was noted [#(28) = 0.369,
p = 0.715]. The BAS-2 scores ranged from 1.5 to 4.3, with a
mean BAS-2 score of 2.9 (SD = 0.8), and no significant difference
between the mens and womens groups was noted
[1(28) = —0.824, p = 0.417].

No significant correlation between AQ scores and BAS-2
was found in either the men’s group (p = 0.430) or the women’s
group (p = 0.409).

Correlation Coefficients Involved With AQ
Scores

Laterality Judgment Task

A significant correlation between total AQ scores and RTs was
found in the men’s group (7 = 0.444, p = 0.022), indicating
an increase in RTs in tandem with higher AQ scores (Figure 3,
top left).

As for the womens group, the difference in RTs between
the self and other conditions (i.e., RTs in the other condition
- RTs in the self condition) correlated significantly and negatively
with total AQ scores (r = —0.586, p = 0.003; Figure 3, bottom
right). This result indicates that the lower AQ participants
showed a quicker response to the self-image, in comparison
with the other image, while the response pattern of the (relatively)
higher AQ participants to the self-image was similar to that
of the other image, or was reversed (i.e., there was a quicker
response to the other image).

Self-Other Discrimination Task
No significant correlations between total AQ scores and each
parameter of task performance were found in either the men’s
or the women’s groups (p > 0.206).

Correlation Coefficients Involved With
BAS-2 Scores

Laterality Judgment Task

Total BAS-2 scores were not significantly correlated with any
parameters of task performance in either the men’s or the
womens groups (p > 0.110).

Self-Other Discrimination Task
In the men’s group, the total BAS-2 scores were not significantly
correlated with any parameters of task performance (p > 0.273).
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FIGURE 3 | Correlations between Autism Spectrum Quotient (AQ) scores and
RTs and between AQ scores and the difference in RTs (other — self) in the
laterality judgment task. A significant positive correlation between AQ scores
and RTs was noted in the men’s group, while a significant negative correlation
between AQ scores and the difference in RTs was noted in the women'’s group.
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FIGURE 4 | Correlations between Body Appreciation Scale-2 (BAS-2)
scores and dprime in the self-other discrimination task. A significant positive
correlation between BAS-2 scores and dprime was noted only in the women’s
group.

In the women’s group, the correlation between BAS-2 and
dprime was also significant (7 = 0.492, p = 0.015), indicating
an increase in dprime according to higher BAS-2 scores
(Figure 4).

DISCUSSION

The present study explored whether and how the extent of
participants’ autistic traits and body appreciation affect the

performance of implicit and explicit hand recognition tasks
in a TD population, divided by sex (cf. Mochizuki et al,
2019; Conson et al, 2020). In addition, we investigated
whether the results of visual recognition tasks (i.e., laterality
judgment and self-other discrimination tasks) in previous
studies (e.g., Ferri et al., 2011; Conson et al., 2015) would
be replicated, even if the number of orientation conditions
of the hand image was limited to two (i.e., upright and
upside-down).

Concerning the self-advantage in the laterality judgment
task, previous studies (Ferri et al., 2011; Frassinetti et al.,
2011; Conson et al., 2015) suggested that this task requires
motor simulation based on implicit sensorimotor knowledge
about the body’s parts (in this case, the hands), including
a combined visuo-sensorimotor strategy (cf. Brady et al,
2011; Ni Choisdealbha et al., 2011). The present task, in
which the orientation had just two conditions (i.e., 0 and
180°), did not show this self-advantage. This result suggests
that having only two orientation conditions is not enough
to trigger this motor simulation (cf. ter Horst et al., 2010).
This is consistent with the argument made by Conson et al.
(2015), that implicit self-advantage is enhanced by a high
“sensorimotor load”

Concerning the results of the self-other discrimination
(explicit) task, we found shorter RTs in the other condition
than in the self-condition, findings that are in agreement
with previous studies (e.g., Ferri et al,, 2011; Conson et al,
2015). Conson et al. (2010) performed a highly similar task
in a sample of right-handed men and showed an interaction
among hand ownership, hand image laterality, and visual
perspective, such as significantly faster RTs in recognizing
others’ left hands than in recognizing others’ right hands,
from an allocentric perspective (for right-handed male
participants). Our results did not replicate those of Conson
et al. (2010), which showed a tight association between self-
other discrimination and egocentric/allocentric views. Regarding
the women’s group, we found significantly shorter RTs for
the other hand image (876 ms), compared to the self-hand
image (999 ms) when the upside-down image was presented
(i.e., the image was presented in an allocentric manner),
resulting from the lengthened RTs for the upside-down self-
image. The explicit task requires a mere visual representation
of one’s own body (Frassinetti et al., 2011; Conson et al.,
2015); therefore, this result was caused by women’s inferior
performance in visual mental rotation (Linn and Petersen,
1985; Voyer et al., 1995; Collins and Kimura, 1997), in addition
to visual unfamiliarity with self-image from an allocentric
view. Concerning the women’s strategy in the hand laterality
judgment task, Conson et al. (2020) recently investigated
these using images of the backs and palms of hands. It is
said that hand images viewed from the back often induce a
visual strategy, while images viewed from the palm induce
a motor strategy in the classical hand laterality task
(Sekiyama, 1982; Parsons, 1987, 1994; Gentilucci et al., 1998;
ter Horst et al., 2010; Bldsing et al.,, 2013; Zapparoli et al.,
2014; Conson et al., 2020). Based on this assumption, Conson
et al. (2020) argued that women would best represent an
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image viewed from the back as a self-hand and mainly adopt
this visual strategy, while men best represented an image
viewed from the palm as their own hand and mainly adopted
the motor strategy.

We further investigated how individual traits (such as
autistic traits and the extent of positive body image) would
relate to performance in the laterality judgment (implicit)
and self-other discrimination (explicit) task in the men’s and
women’s groups. A significant relationship to the AQ score
was revealed only in the laterality judgment task (not in
the self-other discrimination task). Specifically, longer RTs
aligned with a higher AQ score were shown in the men’s
group but not in the women’s group. Although, to our
knowledge, there have been no previous studies investigating
the variation in RTs according to AQ scores in the laterality
judgment task, some studies investigating the task performance
of individuals with ASD, in comparison with TD peers, have
been conducted. Conson et al. (2016) found that, in a hand
laterality judgment task when presenting hand photographs
of the backs and palms in four different orientations (i.e.,
0, 90, 180, and 270°), individuals with ASD [18 participants
(1 woman); mean (+ SD) age = 14.6 + 4.2; age range = 10-20]
showed significantly longer RTs in comparison with TD peers,
although Conson et al. (2013) showed that the RTs of
individuals with Asperger syndrome [24 participants (3
women); mean (+ SD) age = 13.4 + 1.3; age range = 12-16]
did not significantly differ from those of TD peers in the
task using line-drawn 2D hand images. Furthermore,
Chen et al. (2018) found that individuals with ASD [22
participants (2 women); mean (+ SD) age = 13.47 + 1.24;
age range = 11-15] demonstrated significantly longer RTs
in comparison with TD peers when performing the hand
laterality judgment task while manipulating the angle
combination (of 3D hand-arm image) within the frontal,
sagittal, and transverse planes. The ratio of men in the
samples of each of the above-mentioned ASD studies is
greater than 87.5%, so the results of these studies reflect
men’s task properties in hand laterality judgment. Of course,
we must be cautious of the qualitative difference between
an ASD diagnosis itself and a higher AQ score over the
cutoft value; the current results, showing that longer RTs
align with higher AQ scores in the men’s group, are not
inconsistent with the results of these ASD studies.

Furthermore, the present study revealed in the laterality
judgment task that the difference in RTs between the self and
other conditions (other - self) are related to the AQ score
only in the women’s group, indicating that women participants
with (relatively) lower AQ scores react faster to a self-image
than to the other’s image in the laterality judgment task, while
women participants with (relatively) higher AQ scores show
a reverse pattern. This result implies that, even in the present
experiment with only two orientation conditions, and where
it is assumed that a high sensorimotor load is not necessary
for performance, the self-advantage could emerge in women
who have (relatively) lower AQ scores. According to the
“absent-self” hypothesis in ASD (Frith and Happé, 1999;
Baron-Cohen, 2005; Frith and de Vignemont, 2005;

Lombardo and Baron-Cohen, 2010; Lombardo et al., 2010),
atypical self-awareness (for example, reduced distinction between
the self and others) was observed in ASD. Such tendencies
might (at least, partially) support the reverse pattern (i.e.,
self-disadvantage) in the women participants who show higher
AQ scores. Why only the women’s group exhibited this
relationship between the extent of self-(dis)advantage and
autistic traits remains unclear. It could be influenced by the
difference of the AQ distribution between men and women
(for nonclinical populations; Ruzich et al., 2015), but this is
unproven. Therefore, how visuospatial and motor abilities in
each sex are modulated by autistic traits will need to be clarified
in future studies.

Concerning the relationship to the BAS-2 score, an increase
in dprime according to a higher BAS-2 score was found in
the women’s group, but not in the men’s group, when
performing the self-other discrimination task. This indicates
that women who have greater body appreciation (i.e., higher
BAS-2 scores) could better discriminate between themselves
and others, suggesting that, for women, a more positive
attitude toward their own body would lead to a better
sensitivity to the body parts (in this case, the hands) when
explicitly discriminating a self-image from an other’s image.
Although the BAS-2 is applicable to both men and women,
the significant relationship between RTs and BAS-2 scores
only emerged in the women’s group. This implies that BAS-2
scores for each sex could reflect different contents. Indeed,
BAS-2  scores could be related to eating disorder
symptomatology for women, while the incremental variance
in eating disorder symptomatology by BAS-2 scores did not
reach significance for men (Tylka and Wood-Barcalow, 2015).
In the future, these visual hand recognition tasks must
be investigated in persons suffering from eating disorders.
In fact, Campione et al. (2017) have already applied these
visual hand tasks to eating disorder outpatient, but they did
not report the results of the relationship between task
performance and body image in the self-other
discrimination task.

In summary, the men’s group showed a significant positive
correlation between AQ scores and RTs in the laterality
judgment task, while the women’s group showed a significant
negative correlation between AQ scores and differences in
RTs and a significant positive correlation between BAS-2
scores and dprime in the self-other discrimination task.
These results suggest that men and women differentially
adopt specific strategies (visual or motor simulation) and/
or execution processes for implicit and explicit self-other
discrimination of the hand, according to the different
influences of autistic traits and the body appreciation on
the visual recognition of body parts. The relatively small
sample size of the current study is a limitation, therefore,
a larger sample size is needed to clarify the detailed properties
of hand recognition in a future study. The present finding
of implicit and explicit self-other discrimination modulated
by individual traits shaped by their cognitive and sensory-
motor abilities provide deeper insight into how the self is
shaped over the life-time.
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