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Abstract

- So Kanazawa? - Masami K. Yamaguchi?

Infant studies have suggested that the detection of biological motion (BM) might be an innate capacity, based on newborns’
spontaneous preference for BM. However, it is unclear if, like adults, infants recognize humans from BM and are able to
build the representation of bodies and faces. To address this issue, we tested whether exposure to BM influences subsequent
face recognition in 3- to 8-month-old infants. After familiarization with a point-light walker (PLW) of either a female or a
male, the infant’s preference for female and male faces was measured. If infants can build the representation of not only the
body but also the face from PLWs, the familiarization effect of gender induced by the PLW might be generalized to faces.
We found that infants at 7 to 8 months looked for longer at the face whose gender was opposite to that of the PLW, whereas
3- to 4- and 5- to 6-month-old infants did not. These results suggest that infants can access the representation of humans
from BM and extract gender, which is shared across bodies and faces, from at least 7 to 8 months of age.
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Humans are highly sensitive to the actions of others, which
carries important information for social cognition. A percep-
tual phenomenon that demonstrates such sensitivity to human
movements is biological motion (BM; Johansson, 1973), in
which the motion of only a few light dots attached to body
parts evokes a vivid perception of a moving human. We can
extract much information from BM, such as the walker’s
direction (Bertenthal & Pinto, 1994; Mather et al., 1992),
gender (Kozlowski & Cutting, 1977; Mather & Murdoch,
1994), emotions (Dittrich et al., 1996), action categories
(Dittrich, 1993), and social interaction (Neri et al., 2006).
Infant studies on BM have revealed that 4-month-old
infants (Fox & McDaniel, 1982), newborn human infants
(Bardi et al., 2011, 2014; Simion et al., 2008), and newly
hatched chicks (Vallortigara et al., 2005) show a prefer-
ence for point-light walkers (PLWs) rather than inverted or
scrambled PLWs or random motion. These results suggest
that infants have a predisposition to orienting toward the
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movement of biological organisms, as well as toward faces
(Goren et al., 1975; Morton & Johnson, 1991; Valenza et al.,
1996). Thus, BM perception is likely to be an innate capacity.

However, it is not clear whether infants, like adults,
recognize humans from BM—that is, whether infants can
build the representation of humans including bodies and
faces from the dynamics of BM. Spontaneous preference
for PLWs clearly demonstrates that infants can detect BM;
however, this does not necessarily indicate that they rec-
ognize humans from PLWs. It has been proposed that BM
perception might be mediated by subcortical areas in early
infancy (Hirai & Senju, 2020; Simion et al., 2011), whereas
it is mediated by cortical areas relevant to social cognition
in adults (Engell & McCarthy, 2013; Grossman & Blake,
2002; Sokolov et al., 2018; Vaina et al., 2001). Thus, it is
possible that the spontaneous preference for BM in early
infancy is an automatic behavior that is not accompanied by
recognition of humans.

The ability to extract information from BM has also been
shown to develop during infancy. The ability to discriminate
between walking and running PLWs (Booth et al., 2002)
and walkers’ directions (Kuhlmeier et al., 2010) develops
by 3 and 6 months, respectively. The gender of PLWs can be
distinguished by around 6 months (Tsang et al., 2018) and
categorized at 9 months (Johnson et al., 2021). However,
the presence of these abilities to distinguish or categorize
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different types of PLWs also does not necessarily indicate
that infants are able to recognize humans from PLWs; the
results mean that infants can detect the difference in the
dynamics between the two types of PLWs. Some studies
have shown that infants can detect social information from
point-light displays (PLDs) such as the direction of attention
at 12 months of age (Furuhata & Shirai, 2015; Yoon & John-
son, 2009) and interaction between two PLDs at 14 months
(Galazka et al., 2014). Detecting social information might
indirectly suggest that infants are able to access conceptual
knowledge of humans from BM. However, there is no study
that directly proves infants are capable of recognizing from
BM not only the body shape of humans but conceptual
knowledge of them. Whether PLWs can be recognized as
humans is a fundamental problem since the PLW stimulus
is widely used to investigate social cognition. Infants’ ability
to access the representation of humans from PLWs must be
established in order to determine whether they have similar
BM recognition to adults.

To examine whether infants can recognize humans from
BM, the present study tested whether exposure to BM influ-
ences subsequent face recognition in 3- to §-month-old
infants. We used the familiarization and novelty preference
paradigm, in which, after familiarization with a specific
stimulus, infants prefer a novel stimulus over the familiar-
ized stimulus. In our experiment, either a female or male
PLW was presented repeatedly in the familiarization phase;
subsequently, female and male faces were presented simul-
taneously (Experiment 1). If infants can recognize humans
from PLWs, the familiarization effect of gender induced
by PLWs might be generalized to face preference; that is,
infants might prefer faces whose gender is opposite to that
of the PLW. In this paradigm, infants are required to distin-
guish the gender of PLWs and recognize them as humans.
Since PLWs do not include any information about faces,
generalization from PLWs to faces would not occur unless
infants are able to access the representation of humans from
PLWs and to build the representation of not only the body
but also the face of humans. Thus, this paradigm allows us to
test infant’s abilities to extract from PLWs the representation
of humans consisting of the face and the body.

Infants’ ability to distinguish the gender of PLWs has
already been revealed with a familiarization paradigm using
PLWs and faces (Johnson et al., 2021), which used a similar
method to ours. However, their study did not examine the
recognition of humans from PLWs. In their method, infants
were first familiarized with several pairs of a face stimulus
and a PLW of the same gender. After the learning, a face and
two PLWs (male and female) were presented simultaneously
and infants were tested to see whether they could detect a
gender-mismatched PLW (whose gender was different from
that of the face). Because infants learned the association of
faces and PLWs of the same gender prior to the test, whether
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they recognize humans including the face and the body from
PLWs cannot be tested through this paradigm (i.e., infants do
not need to be able to extract the face and body representa-
tion from PLWs to detect the gender-mismatched PLWs).
Infants only need to categorize the gender of PLWs and
the gender of faces independently because they learned the
association between PLWs and faces during the experiment.
Although Johnson et al. (2021) demonstrate that infants can
categorize the dynamics of PLWs of different gender, the
results do not necessarily indicate that infants can recog-
nize from PLWs the gender which is shared across faces
and bodies and is not limited to PLWs. By contrast, in our
method, infants are familiarized only to a PLW without such
association learning, and hence they must be able to build
the face and body representation only from PLWs so that
generalization from PLWs to faces is possible. Our method
allows us to examine if infants can recognize from BM the
gender that is independent of specific stimuli.

Moreover, in another experiment, to investigate whether
local information of the PLWs influences subsequent face
preference, infants were familiarized with inverted PLWs
(Experiment 2). BM perception is known to be disrupted
when a PLW is inverted (Pavlova & Sokolov, 2000; Sumi,
1984). Thus, if the familiarization effect is generalized from
PLWs to faces in Experiment 1 because infants recognize
PLWs as humans, the generalization would disappear when
a PLW is inverted. However, if the generalized effect in
Experiment 1 is due to local information of PLWs, such as
differences in spans or speed of dot motion between female
and male PLWs, the generalization will remain even when
a PLW is inverted.

We examined 3- to 8-month-old infants because vari-
ous abilities to extract information from BM (Booth et al.,
2002; Kuhlmeier et al., 2010; Tsang et al., 2018) and brain
responses to it (Hirai & Hiraki, 2005; Lisboa et al., 2020)
develop during this period and we predicted that the recog-
nition of humans from BM might also develop during this
period.

Methods
Participants

The final sample consisted of 120 Japanese infants in Exper-
iment 1. The infants were in three age groups: 3—4 months,
5—6 months, and 7-8 months. In the female-PLW condition,
20 3- to 4-month-old infants (12 female, age range: 97-134
days, mean age = 120.9 days), 20 5- to 6-month-old infants
(seven female, age range: 137-194 days, mean age = 171.1
days), and 20 7- to 8-month-old infants (seven female, age
range: 200-254 days, mean age = 228.1 days) were tested.
An additional 42 infants were tested but removed from the
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analysis because of fussiness (n = 12; 3—4 months: five
infants, 5-6 months: three infants, 7-8 months: four infants),
side bias (n = 13; 3—4 months: 12 infants, 5-6 months: one
infant; looking time at one side of the monitor was more than
90% of the total looking time in the test trials), or failure to
familiarize (n = 20; 3—4 months: seven infants, 5-6 months:
seven infants, 7-8 months: six infants; the average looking
time in the last two familiarization trials was more than 90%
of that in the first two trials). In the male-PLW condition,
20 3- to 4-month-old infants (13 female, age range: 86—132
days, mean age = 114.8 days), 20 5- to 6-month-old infants
(nine female, age range: 148—194 days, mean age = 177.3
days), and 20 7- to 8-month-old infants (11 female, age
range: 195-254 days, mean age = 232.5 days) were tested.
An additional 55 infants were tested but removed from the
analysis because of fussiness (n = 9; 3—4 months: six infants,
5-6 months: one infant, 7-8 months: two infants), side bias
(n = 20; 3—4 months: 20 infants), or failure to familiarize
(n = 28; 34 months: 11 infants, 5-6 months: seven infants,
7-8 months: 10 infants).

The final sample consisted of 40 infants aged 7—8 months
in Experiment 2. In the female-PLW condition, 20 infants
(10 female, age range: 200-252 days, mean age = 229.2
days) were tested. An additional 12 infants were tested but
removed from the analysis because of failure to familiar-
ize. In the male-PLW condition, 20 infants (10 female, age
range: 201-254 days, mean age = 234.3 days) were tested.
An additional 13 infants were tested but excluded from the
analysis because of failure to familiarize.

The exclusion criteria were decided before data collection
and were based on previous studies (for side bias: Otsuka
et al., 2013; Tsang et al., 2018; for failure to familiarize:
Nakashima et al., 2019; Otsuka et al., 2013; Skelton et al.,
2017). The attrition rates were relatively high: 41% for the
female-PLW condition and 47% for the male-PLW condi-
tion in Experiment 1, and 37% for female-PLW condition
and 39% for the male-PLW condition in Experiment 2. It
is likely to be because the PLW stimuli were attractive for
infants and many did not reach the familiarization criterion.
However, there are studies whose attrition rates are equal
to or higher than our study because of a high attraction of
stimuli and failure to familiarize or habituate (Arterberry &
Yonas, 1988; Cohen & Cashon, 2001; Otsuka et al., 2009),
and thus the attrition rate in the present study does not seem
to be unusually high compared with others. Moreover, when
we analyzed data including infants that failed to familiar-
ize, the same results were obtained as when those infants
were excluded (see Additional analysis in Supplementary
Information).

The sample size was calculated to achieve a power of
0.8 with an effect size of 0.65 (Cohen’s d), based on a study
examining infants’ ability to discriminate the gender of faces

(Quinn et al., 2002) and various infant studies that measured
looking time (Oakes, 2017).

Infants were recruited by advertisements on local newspa-
pers distributed in Tokyo, Japan, and on the lab website. All
participants were full term at birth and healthy at the time of
the test. This study was conducted according to the Declara-
tion of Helsinki and was approved by the ethics committee
of Chuo University. Written informed consent was obtained
from all the parents.

Apparatus and stimuli

Stimuli were displayed on a 21.5-inch LCD monitor (BenQ
GW2270-T, 1,920 x 1,080 pixel, 60 Hz) with PsychoPy
(Version 1.85.6; Peirce et al., 2019). Each infant sat on a
parent’s lap in front of the monitor in a dark room. The view-
ing distance was 40 cm. A camera (Logicool C920R) was
located below the monitor to record the infant’s behavior
and sounds. An experimenter could observe the behavior of
infants through another monitor connected to the camera.

Two PLW stimuli were created from the motion capture
data of the female and male walkers (Fig. 1a). The data
were selected from the Carnegie Mellon University Motion
Capture Database (http://mocap.cs.cmu.edu; file number:
“49_01" as female and “90_22" as male). The motion cap-
ture data were converted to a point-light display in the fron-
tal view using the Biological Motion Toolbox (van Boxtel
& Lu, 2013) in MATLAB (The MathWorks, Natick, MA,
USA). The PLW stimuli comprised 16 circular white dots
(0.3° in diameter, 246 cd/mz) placed on the main joints, such
as the shoulders, hips, and feet. The PLWs appeared to walk
forward on a treadmill. A single walking cycle was extracted
from the original motion capture data and was repeated for
10 s. The duration of a walking cycle was approximately
1.4 s and 1.2 s for the female and male PLWs, respectively.
The transition from the last frame back to the first frame was
smoothed such that the walking action looped seamlessly.
The stimuli were exported as a movie presented on Psy-
choPy. The maximum width and height of both the female
and male PLWs were 6.3° and 15.4°, respectively.

Two face stimuli (female and male) were created by
morphing face pictures of Japanese adults taken in frontal
view. Face images of five females and five males were used
to create each face stimulus. The stimulus contained outer
features, such as hair, ears, and neck. The size of the face
stimuli was 5.6° in width X 6.6° in height for the female face
and 5° in width X 6.9° in height for the male face.

Procedure
The visual stimuli were presented on a grey background

(33.7 cd/m?). In Experiment 1, an upright PLW stimu-
lus was presented at the center of the screen during the
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Fig. 1 Stimuli and procedure. The PLW stimuli (a) comprised 16 dots
placed on the main joints, which appeared to walk forward on a tread-
mill. In a familiarization trial (b, left), either the female or the male
PLW was presented for 10 s and the trial was repeated six times. In
a test trial (b, right), female and male faces were presented side by
side for 10 s. The test trial was repeated twice and the position of the
female and male faces was reversed. The test phase was conducted
before (pretest) and after (posttest) the familiarization. In Experiment
2, PLWs were inverted in the familiarization phase

10 s X 6 trials

familiarization phase (Fig. 1b). The familiarization phase
consisted of six trials. Each trial lasted until the infant
looked away from the monitor for at least 3 s or until the trial
reached a 10-s maximum. This familiarization time (a total
of 60 s) is the same as that used in previous studies exam-
ining gender recognition of faces (Quinn et al., 2002) and
PLWs (Johnson et al., 2021). In the female-PLW condition,
the female PLW was presented; in the male-PLW condition,
the male PLW was presented.

The test phase was conducted before (pretest) and after
(posttest) familiarization, in which female and male face
stimuli were displayed side by side on the screen (Fig. 1b).
The face stimuli were located at 12.8° left and right from
the center of the monitor. Each test phase (i.e., pretests and
posttests) consisted of two trials, with each trial lasting 10
s. The positions of the female and male faces were reversed
across the two trials, and the order of the two trials was
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counterbalanced across infants. The same test phase was
conducted for female- and male-PLW conditions. Before
each trial in the familiarization and test phases, a cartoon
was presented at the center of the screen with a short beep-
ing sound. Each trial began after the infants looked at the
cartoon. The cartoon appeared repeatedly for 500 ms at 500-
ms intervals.

In Experiment 2, the stimuli and procedure were the
same as those in Experiment 1, except that the PLWs were
inverted during the familiarization phase.

Data coding and analysis

We measured the duration for which infant looked at the
stimuli. An observer who was naive to the stimulus identity
scored the looking time from off-line videos. In the familiari-
zation trials, the observer pressed a key while infants looked
at the central area of the screen where the PLW stimulus
appeared. The key was released when infants looked away. In
the test trials, the observer pressed a key while infants looked
at the face presented on the left side and pressed another
key while infants looked at the face on the right side. When
the infant looked away from the stimuli, no recording was
made. The looking time in the two test trials was summed for
each face stimulus. To test whether the familiarization effect
induced by PLWs was generalized to face recognition, prefer-
ence for a novel gender was calculated by dividing the look-
ing time for face stimuli whose gender was opposite to that
of the familiarized PLW by the total looking time in the test
trials (i.e., the sum of the looking time for both face stimuli).

In Experiment 1, to assess the difference in preference for
anovel gender between the pretests and posttests, a three-way
mixed analysis of variance (ANOVA), with test phase (pre-
tests and posttests) as a within-participant factor and PLW
gender (female and male) and age group (3—4, 5-6, and 7-8
months) as between-participant factors, was used. To quan-
tify the effect observed in the ANOVA, we also calculated
a Bayes factor indicating the likelihood of the hypothesis
(familiarization effect (post—pre) is different between 3- to
6-month-olds and 7- to 8-month-olds; see Results) over the
null hypothesis. In addition, to assess whether the preference
for a novel gender was greater than the chance level (50%), a
two-sided one-sample ¢ test was used. The significance level
was corrected using the false discovery rate (FDR) for mul-
tiple comparisons (12 tests). To assess the looking time in
the familiarization phase, a three-way mixed ANOVA, with
familiarization trials (six trials) as a within-participant factor
and PLW gender and age group as between-participant fac-
tors, was used. In Experiment 2, the same tests were used as
in Experiment 1, except that two-way ANOVAs without the
age-group factor were used for preference for a novel gender
and the looking time in the familiarization phase, and the
FDR correction was used for four ¢ tests.
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All data have been made publicly available at the Open
Science Framework and can be accessed online (https://osf.
io/qtzfg/?view_only=6c¢8de9d19b1f4308a2331e1320cb35
85). Materials for this study are available by emailing the
corresponding author.

Results
Experiment 1

In the familiarization phase, the looking time was reduced as
the trials advanced, and the overall looking time was longer
for the male PLW than for the female PLW (Fig. Sla in
Supplementary Information). A three-way ANOVA showed
a significant main effect of familiarization trials, F(5, 570)
= 7948, p < .001, ;72 = .25, and a significant main effect
of PLW gender, F(1, 114) = 4.87, p < .05, #* = .01, but no
other effects. The greater interest in male PLWs compared
with female PLWs observed here is consistent with previous
studies (Johnson et al., 2021; Tsang et al., 2018).

Figure 2 shows preference for a novel gender in the test
phases for each age group. A three-way ANOVA showed
a significant main effect of age group, F(2, 114) =3.83, p
< .05, 172 = .03, and a significant interaction between test
phase and age group, F(2, 114) = 3.15, p < .05, * = .03,
but no other effects. Tests for simple effects of test phase
in each age group showed that preference for a novel gen-
der was stronger in the posttest than in the pretest in 7- to

8-month-olds, F(1, 39) = 18.54, p < .001, 4> = .11, but
there was no effect of test phase in 5- to 6-month-olds, F(1,
39) =0.13, p = .73, 172 =.002, and in 3- to 4-month-olds,
F(1,39) =0.48, p = .49, 5* = .007. A Bayes factor testing
a hypothesis that the familiarization effect (post—pre) is
different between 3- to 6-month-olds and 7- to 8-month-
olds against the null hypothesis was 3.14.

In 7- to 8-month-old infants, preference for a novel
gender was greater than chance level (50%) in the posttest
for both female and male PLW conditions (Fig. 2), female
PLW: 1(19) = 3.87, p < .01, g (FDR) < .05, d = 0.87; male
PLW: #(19) =3.20, p < .01, ¢ < .05, d = 0.72, but not in the
pretest, female PLW: #(19) = 1.41, p = .18, d = 0.31; male
PLW: #(19) = -0.47, p = .64, d = —0.11. In 5- to 6-month-
old and 3- to 4-month-old infants, such an effect was not
observed. In infants at 5 to 6 months, preference for a novel
gender did not differ from the chance level in either the
pretest, female PLW: #(19) = —0.31, p = .76, d = —0.07;
male PLW: #(19) = —0.95, p = .36, d = —0.21, or posttest,
female PLW: #(19) = —0.94, p = .36, d = —0.21; male PLW:
1(19) = —-0.86, p = .40, d = —0.19. Similarly, in infants at
3 to 4 months, preference for a novel gender did not differ
from the chance level in both pretest, female PLW: #(19) =
1.00, p = .28, d = 0.22; male PLW: #(19) = 0.41, p = .68, d
= (.09, and posttest, female PLW: #(19) = —0.26, p = .85, d
= —0.06; male PLW: #(19) = 0.10, p = .92, d = 0.02.

Taken together, these results indicate that, after famil-
iarization with a PLW, 7- to 8-month-old infants looked for
longer at the face whose gender was opposite to the PLW.

3—4 months 5-6 months 7—-8 months
M Pre M Pre M Pre J**
Post Post Post

80 - 80 - 80 A
<
~ 70 A 70 - 70 A
)
o)
S T
% 60 - 60 60 - ok
§ l l | 1 *k
2 5o _# 50 .{ I + I 50 _# }
5 ] ! | A
8 40 - 40 A 40 -
c
o
[0)
E 30 4 30 - 30 A
o

20 - 20 A 20 -

Female PLW Male PLW Female PLW Male PLW Female PLW Male PLW

Fig. 2 Results of Experiment 1. Preference for a novel gender
in the pretests and posttests is shown for each age group. In a
graph of each age group, the two left bars show the results for the
female PLW condition and the right bars show the results for the

male PLW condition. Error bars indicate a 95% confidence inter-
val of the mean. Asterisks represent significant differences (**p
< .01). The light-gray lines indicate the individual data. (Color
figure online)
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However, in 5- to 6-month-old and 3- to 4-month-old infants,
familiarization with a PLW did not influence subsequent
face recognition.

Experiment 2

In Experiment 2, 7- to 8-month-old infants were investi-
gated using inverted PLWs. Looking time in the familiariza-
tion phase reduced as the trials advanced and did not differ
between female and male PLWs (Fig. S1b). ANOVA showed
a significant main effect of familiarization trials, F(5, 190)
= 35.58, p < .001, ;12 = .33, but no effect of PLW gender,
F(1,38)=0.27, p = .606, ;12 =.002, and the interaction, F(5,
190) = 0.25, p = .937, * = .002.

Preference for a novel gender in the test phases was
shown in Fig. 3. ANOVA shows that there was no main
effect, test phase: F(1,38) =0.09, p =.77, ;72 =.001; PLW
gender: F(1,38)=2.12,p = .15, ;72 = .03, and no interac-
tion, F(1, 38) = 0.96, p = .33, 772 = .01. The preference
for a novel gender did not differ from the chance level in
either the pretest, female PLW: #(19) = -0.52, p = .55, d
= —0.12; male PLW: #(19) = —0.03, p = .98, d < —0.01, or
posttest, female PLW: #(19) = —1.22, p = .20, d = —0.27;

7—8 months

M Pre
80 Post

40 -

Preference for novel gender (%)
(@]
o
|

Female-PLW Male-PLW

Fig.3 Results of Experiment 2. Preference for a novel gender in the
pretests and posttests is shown for the female and male PLW condi-
tions. Error bars indicate a 95% confidence interval of the mean. The
light-gray lines indicate the individual data. (Color figure online)
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male PLW: #(19) = 1.07, p = .30, d = 0.24. Thus, the pref-
erence for the novel gender’s face in the posttest, observed
in Experiment 1, disappeared when the PLW was inverted
in the familiarization trials.

Discussion

The present study examined whether infants are capable of
recognizing humans from BM and building the body and
face representation, as adults do, by testing whether infor-
mation extracted from PLWs is generalized to subsequent
face recognition. After familiarization with a PLW, 7- to
8-month-old infants looked for longer at the face of the
novel gender, indicating that a familiarization effect induced
by PLWs is generalized to face recognition and that 7- to
8-month-old infants are able to match gender across PLWs
and faces. Since PLWs do not contain any information about
faces, this generalization can occur only if infants distin-
guish PLWs of different gender and build the representation
of not only the body but the face from PLWs. Thus, the
present results suggest that 7- to 8-month-old infants can
extract gender information and access the representation of
humans consisting of the body and face from the dynamic of
PLWs. Although infants have been shown to prefer sponta-
neously BM over non-BM (Bardi et al., 2011, 2014; Fox &
McDaniel, 1982; Simion et al., 2008) and to be able to dis-
tinguish or categorize several types of PLWs (Booth et al.,
2002; Johnson et al., 2021; Kuhlmeier et al., 2010; Tsang
et al., 2018), these findings do not provide evidence that they
can recognize humans from PLWs as adults do. Our results
suggest that 7- to 8-month-old infants have the ability to
process BM similar to that of adults in terms of being able
to recognize conceptual knowledge of humans from PLWs.

When familiarized with an inverted PLW, the bias of
looking time toward the novel-gender face was not observed.
This suggests that the generalization from PLWs to faces
observed in Experiment 1 is not due to local information of
PLWs, such as differences in spans or speed of dot motion
between female and male PLWs.

Johnson et al. (2021) examined infants’ ability to rec-
ognize gender of PLWs using a method similar to ours, a
familiarization paradigm using PLWs and faces. However,
they did not examine the recognition of humans from PLWs.
Since the infants learned the association of faces and PLWs
during the experiment, they did not need to extract the face
and body representation from PLWs. Thus, whether infants
can recognize the representation of humans from PLWs
cannot be tested through their paradigm, unlike our study.
Another study (Tsang et al., 2018) also examined infants’
ability to recognize PLWs’ gender with the habituation
method, but only PLW stimuli without faces were used.
Although these studies (Johnson et al., 2021; Tsang et al.,
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2018) have revealed that infants can categorize the dynam-
ics of PLWs based on gender, we cannot conclude from the
results that infants can recognize the gender of humans that
is independent of specific stimuli like PLWs. Our results
demonstrate that 7- to 8-month-old infants are able to extract
from BM the gender which is shared across bodies and faces.

The ability to detect gender information across visual and
auditory modalities has been shown to emerge between 9
and 12 months; infants at these ages can match faces and
voices based on gender (Hillairet de Boisferon et al., 2015;
Poulin-Dubois et al., 1994; Richoz et al., 2017). Representa-
tion of gender extracted from PLWs and faces, which tested
in the present study, is likely to emerge earlier than that from
faces and voices. This is possibly because modality-specific
representation of gender develops earlier than multimodal
representation of gender.

It has been shown that infants exhibit spontaneous pref-
erence for female faces (Quinn et al., 2002; Quinn et al.,
2008). However, no bias in looking time between female
and male faces was observed in the pretest of the present
study. One possibility for this could be that gender of faces
to which infants in our study were exposed was not strongly
biased toward females. Infants’ preference between female
versus male faces depends on gender of their primary car-
egivers (Quinn et al., 2002). Another possibility is that
female-face preference might be somewhat weak in Asian
faces. When using Asian faces, one study found female-face
preference (Liu et al., 2015), while another study found no
bias in preference, even in infants who are not White or who
are mixed-race (Kim et al., 2015). This might be because
the difference in facial features between females and males
is less in Asian than White (Hopper et al., 2014).

In 3- to 6-month-old infants, familiarization with PLWs
did not influence subsequent face recognition. There are two
possible reasons why generalization was not observed: (1)
3- to 6-month-old infants could not recognize humans from
PLWs, or (2) they could recognize humans from PLWs but
could not distinguish the gender of PLWs. Our paradigm
cannot determine which is the case; thus, we cannot con-
clude whether younger infants are able to recognize PLWs as
humans. Our results only suggest that from at least 7 months
of age, infants can distinguish the PLWs’ gender and recog-
nize humans from PLWs.

However, previous studies suggest that infants can pro-
cess gender information from human bodies by at least 5 to
6 months of age. Infants at 5 months can recognize gender
from body shape (Hock et al., 2015), and infants at 6 months
and older can discriminate between female and male PLWs
(Tsang et al., 2018). These results suggest that 5- to 6-month-
old infants, in which the familiarization effect is not gener-
alized from PLWs to faces in our study, might be able to
process gender information from PLWs. Thus, it is possible
that the absence of generalization in 5- to 6-month-old infants

is because they cannot recognize humans from PLWs, rather
than being unable to distinguish PLWs of different gender.

Moreover, there are results implying that infants at around
6 months cannot recognize PLWs as human bodies. Infants
at 9 months of age are sensitive to occlusion information of
PLWs (Bertenthal et al., 1984); some dots on PLW’s arms
and feet will be occluded when they pass behind the unseen
body, and the appropriate occlusion of these dots enhances
perception of PLWs as a person’s motion in adults (Proffitt
et al., 1984). However, 5- and 7.5-month-old infants do not
show such sensitivity, suggesting that infants at these ages
might not recognize PLWs as human bodies (Bertenthal
et al., 1984). In addition, infants aged 9 months and older can
recognize the difference between human bodies of natural
and unnatural structures only when the body stimulus moves
in a biologically possible way (Christie & Slaughter, 2010).
However, such an enhancement of human body recognition
by biological movement was not observed in 6-month-old
infants, suggesting that infants at this age cannot integrate
biological movement with the human body. Given these find-
ings, it is possible that recognition of humans from PLWs
might emerge from around 7 to 9 months of age, although
further studies are needed to test this possibility.

Our findings suggest that the development of BM percep-
tion in infancy consists of two distinct stages: The first is the
detection of BM (Bardi et al., 2011, 2014; Fox & McDaniel,
1982; Simion et al., 2008), which is presumably without the
recognition of humans from BM; the second is BM processing
accompanied by recognition of humans. This view is closely
related to the two-process model of BM processing, propos-
ing that BM perception is underlaid by the two systems that
process local and global information (Chang & Troje, 2009;
Hirai & Senju, 2020), derived from the two-process model of
infant face processing (Morton & Johnson, 1991). The local
system detects the local foot motion of PLWs preattentively.
This system is thought to be mediated in subcortical areas and
emerges early in development, which explains the preference
for PLWs observed in newborns (Bardi et al., 2011, 2014,
Simion et al., 2008). The global system processes body form
information carried by the global motion of PLWSs, which is
mediated in cortical areas and requires postnatal learning. The
present results suggest that the early mechanism to detect local
information of BM might be independent from the recognition
of BM as humans and that such recognition is related to the
global system and acquired through postnatal visual experi-
ences. At around 1 year of age, infants acquire the ability to
process higher-level information on BM, such as the direction
of the PLW’s attention at 12 months (Furuhata & Shirai, 2015;
Yoon & Johnson, 2009) and interaction between two PLWs
at 14 months (Galazka et al., 2014). Abilities to process such
social information could be acquired based on the recognition
of humans from BM.
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The development of neural mechanisms underlying BM
perception is also consistent with the findings of the present
study. In adults, BM processing is mediated by occipitotem-
poral areas, including the right posterior superior tempo-
ral sulcus and the fusiform face area (Engell & McCarthy,
2013; Grossman & Blake, 2002; Sokolov et al., 2018; Vaina
et al., 2001). Several studies have shown that adult-like brain
responses to BM are observed from 7 to 8 months (Hirai &
Hiraki, 2005; Lisboa et al., 2020). However, in infants at 5
months (Marshall & Shipley, 2009) or 10 weeks (Reid et al.,
2019), the ERP response to PLWs is largely different from
that of adults and older infants. Thus, the right posterior tem-
poral areas, possibly related to social cognition, are likely to
develop around 7 to 8 months, and the development of these
areas could underlie the interaction between BM and face
recognition observed in 7- to 8-month-old infants.
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