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Walking direction conveyed by biological motion (BM)
cues, which humans are highly sensitive to since birth, can
elicit involuntary shifts of attention to enhance the detec-
tion of static targets. Here, we demonstrated that such
intrinsic sensitivity to walking direction could also modu-
late the direction perception of simultaneously presented
dynamic stimuli. We showed that the perceived direction
of apparent motion was biased towards the walking direc-
tion even though observers had been informed in advance
that the walking direction of BM did not predict the ap-
parent motion direction. In particular, rightward BM cues
had an advantage over leftward BM cues in altering the per-
ception of motion direction. Intriguingly, this perceptual
bias disappeared when BM cues were shown inverted, or
when the critical biological characteristics were removed
from the cues. Critically, both the perceptual direction bias
and the rightward advantage persisted even when only local
BM cues were presented without any global configuration.
Furthermore, the rightward advantage was found to be spe-
cific to social cues (i.e., BM), as it vanished when non-social
cues (i.e., arrows) were utilized. Taken together, these find-
ings support the existence of a specific processing mech-
anism for life motion signals and shed new light on their
influences in a dynamic environment.
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INTRODUCTION

Living creatures, including both humans and non-humans, possess remarkable abilities to effortlessly de-
tect the movements of conspecifics and heterospecifics in a complex environment (Blake & Shiffrar, 2007;
Matsushima et al., 2022; Peng et al., 2021; Vallortigara, 2021). This ability remains intact even when bi-
ological motion (BM) signals are presented using point-light displays that consist of a few moving point
lights attached to the head and major joints (Johansson, 1973). Despite their sparseness and simplicity,
these degraded motion cues are sufficient to convey rich meaningful information about social and bio-
logical relevance, such as gender (Pollick et al., 2002; Sarangi et al., 2020; Troje, 2003), emotion (Dittrich
et al., 1996; Halovic & Kroos, 2018; Roether et al., 2009), identity (Coste et al., 2021; Loula et al., 2005)
and intention (Roche et al., 2013). Among them, walking direction is a particularly important attribute of
BM signals, as it directly conveys information about the intention and disposition of the biological entity.
In fact, humans appear to have an intrinsic sensitivity towards the walking direction of living entities.
For instance, the walking direction of BM signals can be discriminated even when they are embedded in
dynamic noises or displayed in peripheral vision (Aaen-Stockdale et al., 2008; Thompson et al., 2007; van
Boxtel et al., 2017). Such sensitivity emerges early in life and is observed even in infants (Bardi et al., 2015;
Kuhlmeier et al., 2010; Lunghi et al., 2020). Furthermore, a broad range of non-human species (e.g., chicks
and monkeys) have been found to exhibit susceptibility to the walking direction of BM, even without vi-
sual experience (Vallortigara et al., 2005), suggesting an evolutionary basis for the mechanism underlying
walking direction processing (Vallortigara & Regolin, 2006; Vangeneugden et al., 2009).

Critically, the intrinsic sensitivity to the walking direction conveyed by BM signals is considered
functionally significant and could exert further influences on human behavioural responses. Research
has shown that the walking direction of BM but not non-BM cues could reflexively direct observers'
spatial attention, suggesting the existence of a specialized attention mechanism for BM signals (Shi
et al.,, 2010). The cueing effect induced by walking direction is typically assessed using a modified
central cueing task (Friesen & Kingstone, 1998), which is a variant of the Posner cueing paradigm
(Posner, 1980). Specifically, targets (e.g., gratings) are randomly presented to the left or right side of the
central BM cues. Although walking direction cannot predict the location of the following targets, in-
formed observers still automatically attend to the direction signalled by the BM cues (Ji et al., 2020; Shi
et al.,, 2010; Yu et al., 2020). Consequently, the average response time is significantly shorter for targets
presented congruent with the walking direction than for those presented in the opposite direction. This
attentional effect is also observed in preschool children and 6-month-old infants (Bardi et al., 2015;
Zhao et al., 2014). Moreover, the BM-induced cueing effect persists even when the global configura-
tion of BM cues is absent and observers are unaware of their biological nature (Hirai et al., 2011; Wang
et al., 2014), indicating the pivotal role of local BM signals in the attentional effect (Sun et al., 2022;
Troje & Westhoff, 2006; Wang et al., 2018, 2022).

Previous studies concerning the functional role of the sensitivity towards walking direction have
primarily focused on the attentional guidance and processing enhancement of the related static infor-
mation (e.g., gratings and cartoon pictures; Bardi et al., 2015; Ding et al., 2017; Wang et al., 2020; Zhao
et al., 2014). However, since the world is dynamic and contains animate and non-animate movements,
it is important to explore whether the walking direction conveyed by BM signals can also exert an
influence on the perception of dynamic stimuli. To probe this issue, the present study investigated
whether the walking direction of BM could modulate observers' perceived direction of apparent mo-
tion stimuli. The apparent motion reflects a visual illusion of movement with a subjective explicit or
ambiguous moving direction (Laubrock et al., 2008; Miller & Shepard, 1993; Pantle et al., 2000). In the
present study, the BM signals were manipulated to walk leftward or rightward as the non-predictive
cues and presented at the bottom of the screen, while a grating served as the apparent motion target
that moved simultaneously at the top of the screen. Participants were required to report the motion di-
rection of the target. In addition to intact BM cues, feet motion sequences were also used to investigate
whether the BM-induced perceptual bias, if observed, could extend to local BM signals without global
configuration. Aside from BM cues, the present study also adopted arrows as non-social cues. Given
that non-predictive arrow cues can also trigger robust attentional orienting effects (Ristic et al., 2002;
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BIOLOGICAL MOTIONS BIAS DIRECTION PERCEPTION 117

Tipples, 2002; Wang et al., 2020), comparing the perceptual bias induced by BM and arrow cues may
provide a better understanding of the distinctiveness of social attention triggered by BM cues.

METHOD
Participants

One hundred and fifty paid participants (80 females and 70 males) aged between 19 and 31years
M=SD=22.87+2.22) with normal or correct-to-normal vision were recruited for the five experiments.
Each experiment included 30 participants, with 17 females in each of Experiments 1 and 2, 12 females in
Experiment 3, 16 females in Experiment 4 and 18 females in Experiment 5. All participants were naive to
the research purposes, and informed consent was obtained from all participants before the experiment.
Prior power analyses were conducted using G*Power 3.1.9.4 (Faul et al., 2007), which indicated that a
sample size of at least 24 participants would afford 80% power with alpha set at .05 to detect a medium-
high attentional effect (Cohen's 4 0.60) induced by BM cues (Shi et al., 2010). The sample size was further
increased to 30 participants per experiment to adequately detect potential effects in the present study.

Apparatus and stimuli

The experimental stimuli were programmed and presented via MATLAB (MathWorks) in conjunction
with the Psychophysics Toolbox extensions (Brainard, 1997) on a 23.8-inch DELL monitor (1920 X 1080
pixels at 60 Hz refresh rate). Visual stimuli in each trial comprised of a cue (BM, non-BM sequences or ar-
rows) and a target (luminance sinusoidal grating). The BM sequences were adopted from Vanrie and Ver-
faillie (2004), with 13 point lights attached to the head and the major joints (shoulders, elbows, wrists, hips,
knees and ankles), thereby depicting the motion animation of a walking human figure. Each cycle lasted
for 1 second and consisted of 30 frames. In the present study, BM stimuli with different walking directions
(leftward or rightward) were displayed. In addition, the BM cue presented in the frontal view was used as
the neutral cue. Inverted BM sequences were created by mirror-flipping BM stimuli vertically so that the
walking direction of the inverted counterpart remained the same as the upright one (see Figure 1a). Non-
BM sequences were derived from fragments that were identical to those used in BM stimuli but lacked
essential biological characteristics. The motion trajectory of each dot in the non-biological sequences was
the same as that of the BM stimuli, whereas the speed was changed to a constant value (the average speed
of all the dots) to disrupt the natural velocity profile. Additionally, the initial motion phase of each dot
was randomized to interrupt phase relationships of the original BM stimuli. The feet motion sequences
that acted as the local BM stimuli were created by retaining only two ankle-motion dots from the original
BM sequences. Compared with intact BM cues, local BM cues removed the global configuration informa-
tion while retaining the local motion signals. The arrow images (2.62° X 2.62°) were created using Adobe
Photoshop CS6 software by combining a straight line and an arrowhead attached to the leading end of the
line. In the neutral condition, arrow cues were replaced with a line without an arrowhead.

The target stimulus was a luminance sinusoidal grating bar with a contrast of 78% and a spatial fre-
quency of 0.11 cycles per degree. The width of the grating was 47.42° and the height was 3.14° of visual
angle. In each trial, the phase of the grating was initially randomized and then shifted by the degree of 150,
160, 170, 180, 190, 200 or 210, respectively, per 167 ms. The grating was bidirectional when it was at 180°
and drifted leftward or rightward when the phase shift was less than or greater than 180°, respectively.

Procedure

In Experiment 1, participants were seated at a distance of 60 cm from the monitor, and their visual
field was stabilized using a headrest. Figure 1b depicted the timeline of the stimulus presentation.
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(a) Upright BM Inverted BM  Non-biological Motion ~ Feet Motion

(b)

» Time
Fixation Probe Left or Right?
1200-1600 ms 1000 ms Until response

FIGURE 1 Static frames of sample stimuli used in the five experiments and a schematic representation of the
experimental procedure. The cues employed in Experiments 1-5 consisted of upright BM cues, inverted BM cues, non-BM
cues, feet motion cues and arrow cues, respectively. The direction of cues in the stimuli depicted above is oriented towards
the left. Each trial started with a fixation period lasting 1200-1600 ms, followed by the simultaneous presentation of dynamic
grating and motion cues for 1000ms. Afterward, the stimuli vanished, and participants were required to indicate the motion
direction of the grating (left or right).

Each trial began with a fixation on a cross (0.6° X 0.6°) displayed in the center of a grey background
(RGB: 128, 128, 128). Participants were instructed to maintain their focus on the fixation cross
throughout the experiment. A luminance sinusoidal grating bar was then presented on the upper
third of the screen and initiated its shift. The grating bar randomly shifted leftward, rightward or
bidirectionally with seven shift phase degrees in total (150°, 160°, 170°, 180°, 190°, 200° or 210°).
Simultaneously, the BM cue (leftward, rightward or neutral) subtending approximately 3.93° X 8.69°
in visual angle (0.26° for each dot) appeared on the lower third of the screen. After 1000 ms, all
stimuli disappeared, and participants were instructed to indicate the motion direction of the grating
bar (left or right) by pressing the left or right arrow keys, respectively. The inter-trial intervals were
jittered between 1200 and 1600 ms. In total, each participant completed 210 trials, with a short break
after every 70 trials. Test trials were presented in a new random order for each observer. Prior to the
formal experiment, it was emphasized that the motion direction of the upper grating was independ-
ent of the movement direction of the point lights below.

The procedures of Experiments 2—5 were analogous to those of Experiment 1 except for the differ-
ence in the cues displayed at the bottom of the screen (see Figure 1a). Inverted BM sequences, non-BM
sequences, feet motion sequences and arrows were presented in Experiments 2, 3, 4 and 5, respectively.
Notably, in Experiment 4, the size of the dots was increased (0.34° for each dot) and participants were
informed in advance that the two light dots represented feet.

Data analysis

For each participant under each test condition, the proportions of the rightward responses to a grat-
ing motion were calculated and fitted with a Boltzmann sigmoid function: F(x) =1/(1 + exp[(x—x)/»1])
(Wang & Jiang, 2012; Zhang et al., 2021). The statistical analyses were conducted based on the point of
subjective equality (PSE, the point at which participants perceived the motion direction of the grating

a 'T '¥20C 'S628770C

wouy

UONIPUOD PUe W 1 U1 995 *[7202/T0/TZ] Uo Akiqiauluo A3im ‘ud-de yoAsd@ equiew-<y. oqqus> Aq 08921 dola/TTTT'0T/I0p/0d Ao 1M A

folm K,

35UBD1 SUOWIWOD aAIID) 3|qedt|dde au Aq pausenob aie sapiie YO ‘@sn Jo sajni Joj AriqiT auljuQ A3|1IM uo



BIOLOGICAL MOTIONS BIAS DIRECTION PERCEPTION 119
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FIGURE 2 Psychometric function of a representative participant in Experiment 1. The data are presented for the
leftward (blue curve), neutral (grey curve) and rightward (red curve) conditions. The proportion of rightward responses to the
grating motion direction was plotted as a function of the shift phase degree. The point of subjective quality (PSE) is indicated
by the red arrow.

as ambiguous), which is estimated by the midpoint of the Boltzmann function. A psychometric curve
was drawn for each participant, which depicted the proportion of rightward responses to the grating
motion direction as a function of the shift phase degree (see Figure 2). The shift phases (from 150° to
210° in a step of 10°) were transformed into —30°, —20°, —10°, 0°, 10°, 20° and 30° for analyses. As a
result, a PSE of 0° indicates consistency between the perceived and physical motion direction of the
grating, whereas a negative PSE indicates the grating was more likely to be perceived as shifting right-
ward, and vice versa. The more negative the PSE value, the stronger the rightward perception bias was
exhibited.

RESULTS

In Experiment 1, a one-way analysis of variance (ANOVA) of the PSEs with cue direction (left-
ward, rightward and neutral) as the within-subjects variable revealed a significant main effect, F(2,
58)=4.364, p=.017, 11]27: .131. Follow-up analyses showed a significant negative shift of PSE in the
rightward condition relative to that in the leftward condition, —3.549 versus 2.483, #(29) = —2.530,
p=.017, Cohen's d=0.463, 95% CI for the mean difference [-10.897, —1.168], indicating that pat-
ticipants tended to perceive the apparent motion direction as congruent with the walking direction
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120 | GE ET AL.

even when they had been explicitly informed that BM cues were not predictive of the target motion
direction (see Figure 3). Additionally, there was a significant negative shift of PSE in the rightward
condition compared to that in the neutral condition, —3.549 versus 0.330, #(29) = —2.127, p=.042,
Cohen's 4=0.388, 95% CI for the mean difference [=7.609, —0.150]. However, the difference be-
tween the PSEs in the leftward condition and the neutral condition was not significant, 2.483 versus
0.330, #(29) =1.095, p=.283, Cohen's 4=0.200, 95% CI for the mean difference [-1.869, 6.175].
These results indicated that the motion direction perception was more affected by rightward rather
than leftward BM cues. Moreover, one-sample #-tests showed a marginally significant negative PSE
in the rightward condition, #29) = —2.018, p=.053, whereas PSEs in the leftward and neutral condi-
tions did not differ significantly from 0° (ps>.100). Taken together, these findings demonstrated
that rightward BM cues had an advantage in modulating motion direction perception relative to
leftward BM cues, indicating that motion direction processing seemed to be more susceptible to the
rightward walking direction. Furthermore, the perceptual bias and the rightward advantage were
replicated in an additional experiment that varied the display duration (i.e., 750, 1000 and 1250 ms)
of the BM cues (see the Supplemental Material for more details).

In contrast to Experiment 1, the main effect of cue direction was not significant when the BM
cues were presented inverted in Experiment 2, F(2, 58) =1.632, p=.204, n%>=.053, which is con-
sistent with the inversion effect reported in previous BM studies (Troje & Westhoff, 2006). Fur-
ther analyses showed that the PSEs did not differ significantly between the leftward and neutral
conditions, 0.466 versus —1.426, #(29) =1.467, p=.153, Cohen's 4=0.268, 95% CI for the mean

Experiment 1 Experiment 2

6 6
b * !
4t —_ % — 4t
2 +
m
0
% 0
2t
4t
| m.s.
-6 . . . 6 . . .
Leftward Neutral Rightward Leftward Neutral Rightward
6 Experiment 3 6 Experiment 4
4 [ 4 I *
2t 2t
7 0
% 0
2t
4t
i i i -6 [ i i *l*
Leftward Neutral Rightward Leftward Neutral Rightward

FIGURE 3 Average PSEs were calculated for three cue direction conditions in Experiments 1-4. In Experiment 1,
BM cues were found to modulate the perception of the apparent motion direction, with the effect specific to the rightward
direction. This effect vanished when BM cues were shown inverted (Experiment 2) or were deprived of critical biological
characteristics (Experiment 3). Feet motion cues without intact BM form were also found to alter the motion direction
perception in Experiment 4, moreover, a rightward advantage was observed. Error bars show standard errors. *p<.05;
**p<.01; m.s., marginally significant.
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difference [—0.745, 4.529], or between the leftward and rightward conditions, 0.466 versus —1.244,
#(29) = 1.620, p=.116, Cohen's d=10.296, 95% CI for the mean difference [—0.449, 3.870]. The dif-
ference in PSEs between the neutral condition and the rightward condition was also not significant,
—1.426 versus —1.244, #29)=—0.164, p=.871, Cohen's 4=0.030, 95% CI for the mean difference
[-2.448, 2.085]. Furthermore, the PSEs were not significantly different from 0° in all BM direction
conditions (ps>.100). These results together demonstrated that the observed perceptual bias crit-
ically depended on the orientation of BM cues and did not arise from the processing of low-level
visual features.

Furthermore, to investigate whether the observed perceptual bias was indeed elicited by the biolog-
ical characteristics of the BM signals, an additional control experiment (Experiment 3) was conducted
in which non-BM sequences were utilized as central cues. As expected, no significant main effect of cue
direction was observed, F(2, 58) =0.613, p=.545, r/; =.021. Further analyses showed that there was no
significant difference in PSEs between the leftward condition and the rightward condition, —2.495 ver-
sus —2.000, #29) = —0.355, p=.725, Cohen's 4=0.065, 95% CI for the mean difference [—3.348, 2.357].
Similar to Experiment 2, the PSE in the neutral condition was also not significantly different from that
in the other two conditions, neutral versus leftward: —0.623 versus —2.495, #29) =1.015, p=.318, Co-
hen's 4=0.185, 95% CI for the mean difference [-1.899, 5.642]; neutral versus rightward: —.623 versus
—2.000, #(29) = 0.700, p = 489, Cohen's 4= 0.128, 95% CI for the mean difference [-2.645, 5.398]. Again,
the PSEs in the rightward and neutral conditions were not significantly different from 0° (ps>.100).
The shift of PSE in the leftward condition showed a reverse trend (p=.081). In summary, these results
indicated that motion cues lacking biological characteristics failed to produce a perceptual bias and a
rightward advantage, as observed in BM cues. Moreover, a two-way mixed design ANOVA of PSEs
with cue direction (leftward and rightward) as the within-subjects variable and cue type (Experiments
1-3) as the between-subjects variable showed a significant interaction effect, F(2, 87) =3.794, p=.020,
n;: .080, suggesting that the perceptual bias effect found in Experiment 1 differed significantly from
those in Experiments 2 and 3.

In Experiment 4, we further investigated whether the global configuration was indispensable to
elicit a perceptual bias using two dots that solely conveyed the motion of the feet as cues. Similar
to Experiment 1, a significant main effect of cue direction was observed, F(2, 58) =3.980, p=.024,
n; =.121. Subsequent analyses revealed a significant negative shift of PSE in the rightward condition
compared to the leftward condition, —4.416 versus 0.156, #(29) = —2.525, p=.017, Cohen's 4= 0.461,
95% CI for the mean difference [-8.275, —0.868], suggesting that local BM cues could also mod-
ulate the perception of motion direction. The PSE in the neutral condition was not significantly
different from that in the rightward condition, —2.202 versus —4.416, #(29) = 1.433, p=.162, Cohen's
d=0.262, 95% CI for the mean difference [-0.945, 5.371] or in the leftward condition, —2.202
versus 0.150, #(29) = —1.584, p=.124, Cohen's 4=0.289, 95% CI for the mean difference [—5.402,
0.686]. However, similar to Experiment 1, the PSE in the rightward condition shifted negatively,
#(29) = =3.227, p=.003, while the PSEs in other conditions were not significantly different from 0°
(ps>.100), suggesting the existence of a rightward advantage even with local BM cues. In summary,
these results demonstrated that the walking direction conveyed by local BM signals without global
configuration was effective at modulating the perception of motion direction. Additionally, there
was no significant interaction between cue direction (leftward and rightward) and cue type (intact
and local), F(1, 58) =0.239, p=.627, n; =.004, indicating that the perceptual bias induced by local
BM cues was not different from that induced by intact BM cues in Experiment 1. Finally, combining
the results from Experiments 1-4, we found a significant interaction effect between cue direction
(leftward and rightward) and cue type, (3, 116) = 2.838, p=.041, 1152 .068.

Lastly, to examine whether the perceptual bias of motion direction identified previously was specific to
BM cues, arrows serving as non-social cues were utilized in Experiment 5. Consistent with Experiment 1,
a significant main effect of cue direction was observed again using arrow cues, F(2, 58)=19.208, p<.001,
n>=.398. Follow-up analyses revealed a significant negative shift of PSE in the rightward condition com-
pated with that in the leftward condition, —5.564 versus 4.867, #29)=—5.596, p<.001, Cohen's 4=1.022,
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Experiment 5

*hk |
*kk |

[ * !

- 9 1 1 1
Leftward Neutral Rightward

FIGURE 4 Average PSEs under three cue direction conditions in Experiment 5. Non-social arrow cues were found to
influence motion direction perception, but no significant rightward advantage was observed for these cues. Error bars show
standard errors. ¥p<.05; **p<.01; #*¥¥p<.001.

95% CI for the mean difference [—-14.244, —6.619], indicating that non-social arrow cues could also modu-
late motion direction perception (see Figure 4). Moreover, the PSE in the rightward condition was signifi-
cantly different from that in the neutral condition, —5.564 versus —1.663, #29) = —2.437, p=.021, Cohen's
d=0.445, 95% CI for the mean difference [=7.175, —0.626]. In contrast to Experiments 1 and 4, the PSE in
the leftward condition was significantly different from that in the neutral condition, 4.867 versus —1.663,
#(29) =4.020, p<.001, Cohen's d=0.734, 95% CI for the mean difference [3.208, 9.853], indicating that
there was no evident asymmetric advantage. Different from Experiments 1 and 4, not only did the PSE in
the rightward condition shift negatively, #(29) = —5.053, p<.001, but also the PSE in the leftward condition
shifted positively, #29) = 3.456, p=.002. Moreover, no significant difference was found between the ampli-
tude of PSEs in the rightward and leftward conditions, #29)=0.734, p=.469. In conclusion, these results
suggest that although non-social arrow cues can influence the perception of apparent motion direction
congruent with the cue direction, the rightward advantage seems to be specific to BM cues.

DISCUSSION

The focus of the existing literature on the functional role of walking direction processing has tradition-
ally been limited to the enhanced detection of static targets. Our findings extend this line of research by
exploring how BM cues modulate the processing of simultaneously presented dynamic stimuli, specifi-
cally, the perception of apparent motion direction. Generally, BM cues were found to significantly bias
the perceived motion direction to be congruent with the walking direction. Critically, rightward BM
cues exerted a greater influence on direction perception than leftward BM cues, reflecting a rightward
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advantage. However, when non-social arrow cues were employed, this rightward-based perceptual bias
was no longer evident, indicating a disparity in the processing of BM and non-social cues. Furthermore,
the perceptual bias disappeared when BM cues were deprived of critical biological characteristics or
were displayed upside-down, with the latter consistent with the inversion effect previously reported in
research on BM cueing effects (Fitzgerald et al., 2014). More importantly, the BM-induced perceptual
bias was not dependent on global configuration since it persisted when local BM cues were utilized.
These findings together demonstrated a BM-induced bias in motion direction perception, driven by the
biological characteristics embedded in BM cues independent of global configuration.

Perception of simple apparent motion direction has previously been thought to be influenced by
low-level physical changes (e.g., contrast, frequency and speed; Davidenko et al., 2022; Watson, 1980;
Zhang et al., 2012). Our findings further indicated that high-level visual information (i.e., biological
signals) can also influence the perceived direction of apparent motion. Note that some recent studies
have also explored how BM signals interact with scene dynamics (e.g., moving grating and optic flow;
Fujimoto, 2003; Fujimoto et al., 2009; Fujimoto & Sato, 2006; Fujimoto & Yagi, 2007, 2008; Koerfer
& Lappe, 2020; Mayer et al., 2019). For instance, it has been found that BM cues displayed peripherally
were processed incidentally and could affect the performance of direction discrimination of the BM
walker at the fovea (Thornton & Vuong, 2004). Additionally, when BM walkers were displayed over-
lapped with counter-phase moving gratings, observers perceived the background grating as shifting
in the opposite direction to the walker instead of in the same direction (Fujimoto, 2003; Fujimoto
et al., 2009; Fujimoto & Sato, 2006; Fujimoto & Yagi, 2007, 2008). Compared to these studies, our
research extends the current knowledge by demonstrating a motion direction bias towards the walking
direction of non-overlapping BM cues.

More importantly, a rightward advantage was observed in the present study, whereas no such asym-
metry was found in the abovementioned studies (Fujimoto, 2003; Fujimoto et al., 2009; Fujimoto &
Sato, 2006; Fujimoto & Yagi, 2007, 2008; Koerfer & Lappe, 2020; Mayer et al., 2019). Such rightward
advantage has also been observed with another social cue (i.e., eye gaze). Specifically, rightward gaze
shifts were found to be more effective than leftward ones in inducing cueing effects and perceptual
biases in motion direction (Stauder et al., 2011; Vlamings et al., 2005; Yamada et al., 2008). Consis-
tent with this finding, neurological evidence has shown that viewing a rightward rather than leftward
or straightforward gaze elicited a larger N170, suggesting a rightward processing advantage for gaze
cues (Watanabe et al., 2002). Importantly, this rightward advantage was found only with gaze cues
rather than arrow cues, suggesting the existence of a specialized ‘eye gaze detector’ (Stauder et al., 2011;
Vlamings et al., 2005). The present study went a further step by demonstrating a rightward advantage in
another type of social cue (i.e., walking direction of BM), paralleling previous research showing that in-
dividuals seem to be more sensitive towards rightward BM cues (Thornton et al., 2003). Such left—right
laterality effects also extend to other fields (e.g., number-space mapping; Bulf et al., 2016; Di Giorgio
et al., 2019; Rugani et al., 2010; Rugani, Vallortigara, et al., 2015), which can be explained by cultural
factors (e.g., reading and writing directionality) or biological factors (Vallortigara, 2018). Intriguingly,
a similar rightward advantage in BM processing has also been reported in visually naive chicks, which
may be modulated by brain asymmetry (Rugani, Rosa Salva, et al., 2015). Taken together, these across-
species findings provide evidence for the existence of a unique module devoted to identifying the direc-
tion of other creatures' limbs in locomotion (i.e., a ‘life motion detector’; Troje & Westhoff, 2006; Wang
et al.,, 2014). Combined with previous evidence obtained from gaze cues, our findings indicated that
a shared brain mechanism, tailored for detecting life signals and sensitive to the rightward direction,
seems to underlie the perceptual bias of motion direction triggered by social cues. Apart from BM cues,
other motion signals that are related to the presence of livings organisms (e.g., self-propelled motion and
abrupt variations in speed) can also contribute to animacy perception (Rosa-Salva et al., 2016). Future
research, utilizing these animate motion cues in the task of motion direction perception, may help to
delineate whether there exists a general ‘life detector’ (Vallortigara, 2021).

Furthermore, our study provides novel insights into the ongoing debate about the distinctiveness
of social cues. Previous studies that directly compared social and non-social cues using the cueing task
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have produced mixed findings. While some studies have demonstrated that eye gaze can trigger a more
strongly reflexive shift of attention than arrows (Friesen et al., 2004; Ristic et al., 2007), others have
found indistinguishable attentional effects (Nummenmaa & Hietanen, 2009; Tipples, 2008). Recent
research has revealed that unique genetic and neural mechanisms were shared across different social
cues, rather than non-social cues (Ji et al., 2020; Liu et al., 2021; Wang et al., 2020). Our findings extend
these studies by offering new evidence for the differentiation between social and non-social cues in the
context of dynamic stimuli processing. Specifically, our observation of a rightward advantage in the
processing of social (i.e., BM) but not non-social (i.e., non-BM, arrow) cues suggests the uniqueness
of social cues, and more critically, supports the existence of a specialized ‘social attention detector’, as
implied by previous research (Ji et al., 2020; Wang et al., 2020).

Based on previous studies, attention is supposed to be the possible mechanism underlying the bias
of apparent motion direction (Felisberti & Zanker, 2005; Wohlschliger, 2000; Yabe & Taga, 2008).
Studies have shown that the perceived direction of apparent motion can be biased in the direction of
saccadic movement and attention shift (Shim & Cavanagh, 20006). Therefore, in our study, the BM-
induced perceptual bias of motion direction is probably attributed to social attention elicited by the
walking direction of BM. Social attention, the ability to share attention with social partners, has previ-
ously been proposed as the mechanism underlying the line-motion illusion of static stimuli induced by
surrounding social cues (Bavelier et al., 2002). Our findings went a step further by demonstrating that
social attention may also affect the directional perception of dynamic stimuli. Notably, we observed
a rightward advantage with BM cues but not arrow cues, which is consistent with previous research
showing the superiority of rightward cues in guiding social attention rather than non-social attention
(Stauder et al., 2011; Vlamings et al., 2005). Furthermore, social attention disappeared when biological
characteristics of BM cues were disrupted (Shi et al., 2010), which may explain the absence of perceptual
bias under inverted BM and non-BM circumstances.

Notably, this perceptual bias could manifest in local BM cues without any global configuration.
Local cues consisting of two point lights depicting feet motion were found to be critical in walking
direction perception, despite being devoid of global information (Chang & Troje, 2009; Takahashi
et al., 2011; Wang et al., 2010). Given that walking is probably the most common form of motion
generated by animals with feet, the visual perception system has evolved to be highly sensitive to
the gravitational acceleration pattern contained in the feet motion cues (Chang et al., 2018; Wang
et al., 2022). In fact, feet motion cues could still elicit reflexive attention shift even when observers
were not explicitly aware of their biological nature (Wang et al., 2014). Overall, the intrinsic sen-
sitivity towards local BM signal, which has also been observed in other non-human species (e.g.,
new-born chicks; Vallortigara et al., 2005), suggests the existence of a specialized ‘life motion de-
tector’ that is attuned to limb motion and enables rapid detection of the spatial movement of other
articulated terrestrial animals (Johnson, 20006; Troje & Westhoff, 2006). Our findings support this
notion and suggest that the automatic processing of local BM cues also occurs in a dynamic context,
resulting in a perceptual bias that is congruent with the walking direction. Although the current
study found that local motion alone was sufficient to induce the perceptual bias, it remains unclear
whether global configuration alone can also alter motion direction perception and how local and
global information contributes respectively during such a process. Based on previous research using
backward-walking BM cues, which reported that local motion played a dominant role relative to the
global configuration in shifting attention (Hirai et al., 2011), we expect that local motion will have
an advantage in eliciting the perceptual bias of apparent motion direction over the global configura-
tion. However, this needs to be verified by future investigations directly adopting backward-walking
BM cues.

In conclusion, the current study illustrates that the perception of apparent motion direction
can be modulated by the walking direction of BM, with a stronger susceptibility towards the right-
ward walking direction. The perceptual bias that perceived motion direction as congruent with the
walking direction is contingent upon the presence of biological characteristics and can be induced
by local BM cues without any global configuration. While non-social arrow cues also induced a
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perceptual direction bias, the rightward advantage was restricted to BM cues, suggesting differential
processing mechanisms for BM and arrow cues. Overall, these findings support the existence of a
specialized life motion detector and provide insights into the influences of BM cues on the percep-
tion of the dynamic world.

AUTHOR CONTRIBUTIONS

Yiping Ge: Conceptualization; data curation; formal analysis; methodology; writing — origi-
nal draft. Yiwen Yu: Conceptualization; methodology; writing — review and editing. Suqi
Huang: Methodology; writing — review and editing. Xinyi Huang: Data curation; methodology;
writing — review and editing. Li Wang: Conceptualization; funding acquisition; methodology;
supervision; writing — review and editing. Yi Jiang: Funding acquisition; methodology; supervi-
sion; writing — review and editing.

FUNDING INFORMATION

This research was supported by grants from the STI2030-Major Projects (Nos. 2021720203800 and
202272D0205100), the National Natural Science Foundation of China (No. 31830037), the Science
Foundation of Institute of Psychology, Chinese Academy of Sciences, and the Fundamental Research
Funds for the Central Universities.

CONFLICT OF INTEREST STATEMENT
None.

DATA AVAILABILITY STATEMENT
Data are made available at the Knowledge Repository of the Institute of Psychology, Chinese Academy
of Sciences (http://it.psych.ac.cn/handle/311026/42954).

ETHICAL STATEMENT
The procedures of the current research were approved by the institutional review board of the Institute
of Psychology, Chinese Academy of Sciences.

ORCID

Yiping Ge (@ https://orcid.org/0000-0001-6055-0344
Li Wang ‘@ https://orcid.org/0000-0002-2204-5192
Y7 Jiang © https://otcid.org/0000-0002-5746-7301

REFERENCES

Aaen-Stockdale, C., Thompson, B., Hess, R. F., & Troje, N. F. (2008). Biological motion perception is cue-invariant. Journal of
Vision, 8(8), 6. https://doi.org/10.1167/8.8.6

Bardi, L., Di Giorgio, E., Lunghi, M., Troje, N. F., & Simion, F. (2015). Walking direction triggers visuo-spatial orient-
ing in 6-month-old infants and adults: An eye tracking study. Cognition, 141, 112—120. https://doi.org/10.1016/j.cogni
tion.2015.04.014

Bavelier, D., Schneider, K. A., & Monacelli, A. (2002). Reflexive gaze otienting induces the line-motion illusion. I%sion Research,
42(26), 2817-2827. https://doi.org/10.1016/s0042-6989(02)00335-8

Blake, R., & Shiffrar, M. (2007). Perception of human motion. Annual Review of Psychology, 58(1), 47-73. https://doi.org/10.1146/
annurev.psych.57.102904.190152

Brainard, D. H. (1997). The psychophysics toolbox. Spatial 1ision, 10(4), 433—436.

Bulf, H., de Hevia, M. D., & Macchi Cassia, V. (2016). Small on the left, large on the right: Numbers orient visual attention onto
space in preverbal infants. Developmental Science, 19(3), 394—401. https://doi.org/10.1111/desc.12315

Chang, D. H. F., Ban, H., Ikegaya, Y., Fujita, 1., & Troje, N. F. (2018). Cortical and subcortical responses to biological motion.
Neurolmage, 174, 87-96. https://doi.org/10.1016/j.neuroimage.2018.03.013

Chang, D. H. F.,, & Troje, N. F. (2009). Acceleration carries the local inversion effect in biological motion perception. Journal of
Vision, 9(1), 19. https://doi.org/10.1167/9.1.19

a 'T '¥20C 'S628770C

wouy

UONIPUOD PUe WS 1 U1 995 *[7202/T0/TZ] Uo Aiqiauliuo A3(1m ‘ud-de yoAsd@ equew-<ym oaqqus> Aq 08921 dolq/TTTT'0T/10p/Lod Ao | A

fo1m AriqipullL

35UBD1 SUOWIWOD aAIID) 3|qedt|dde au Aq pausenob aie sapiie YO ‘@sn Jo sajni Joj AriqiT auljuQ A3|1IM uo


http://ir.psych.ac.cn/handle/311026/42954
https://orcid.org/0000-0001-6055-0344
https://orcid.org/0000-0001-6055-0344
https://orcid.org/0000-0002-2204-5192
https://orcid.org/0000-0002-2204-5192
https://orcid.org/0000-0002-5746-7301
https://orcid.org/0000-0002-5746-7301
https://doi.org/10.1167/8.8.6
https://doi.org/10.1016/j.cognition.2015.04.014
https://doi.org/10.1016/j.cognition.2015.04.014
https://doi.org/10.1016/s0042-6989(02)00335-8
https://doi.org/10.1146/annurev.psych.57.102904.190152
https://doi.org/10.1146/annurev.psych.57.102904.190152
https://doi.org/10.1111/desc.12315
https://doi.org/10.1016/j.neuroimage.2018.03.013
https://doi.org/10.1167/9.1.19

126 | GE ET AL.

Coste, A., Bardy, B. G., Janaqi, S., Slowinski, P., Tsaneva-Atanasova, K., Goupil, J. L., & Marin, L. (2021). Decoding identity
from motion: How motor similarities colour our perception of self and others. Psychological Research, 85(2), 509-519. https://
doi.org/10.1007/s00426-020-01290-8

Davidenko, N., Heller, N. H., Schooley, M. ]., & McDougall, S. G. (2022). Visual priming of two-step motion sequences. Journal
of Vision, 22(8), 14. https://doi.org/10.1167/jov.22.8.14

Di Giorgio, E., Lunghi, M., Rugani, R., Regolin, L., Dalla Barba, B., Vallortigara, G., & Simion, F. (2019). A mental number line
in human newborns. Developmental Science, 22(6), ¢12801. https://doi.org/10.1111/desc.12801

Ding, X., Yin, J., Shui, R., Zhou, J., & Shen, M. (2017). Backward-walking biological motion orients attention to moving away
instead of moving toward. Psychonomic Bulletin & Review, 24(2), 447—452. https://doi.org/10.3758/s13423-016-1083-9

Dittrich, W. H., Troscianko, T., Lea, S. E., & Morgan, D. (1996). Perception of emotion from dynamic point-light displays rep-
resented in dance. Perception, 25(6), 723-738. https://doi.org/10.1068/p250727

Faul, F., Erdfelder, E., Lang, A. G., & Buchner, A. (2007). G*power 3: A flexible statistical power analysis program for the
social, behavioral, and biomedical sciences. Bebavior Research Methods, 39(2), 175-191. https://doi.org/10.3758/bf031
93146

Felisberti, F. M., & Zanker, J. M. (2005). Attention modulates perception of transparent motion. [Zsion Research, 45(19), 2587—
2599. https://doi.org/10.1016/j.visres.2005.03.004

Fitzgerald, S. A., Brooks, A., van der Zwan, R., & Blair, D. (2014). Secing the world topsy-turvy: The primary role of kinematics
in biological motion inversion effects. /-Perception, 5(2), 120-131. https://doi.org/10.1068/i0612

Friesen, C. K., & Kingstone, A. (1998). The eyes have it! Reflexive orienting is triggered by nonpredictive gaze. Psychonomic
Bulletin & Review, 5(3), 490—495. https://doi.org/10.3758/BF03208827

Friesen, C. K., Ristic, J., & Kingstone, A. (2004). Attentional effects of counterpredictive gaze and arrow cues. Journal of
Excperimental Psychology: Human Perception and Performance, 30(2), 319-329. https://doi.org/10.1037/0096-1523.30.2.319

Fujimoto, K. (2003). Motion induction from biological motion. Perception, 32(10), 1273—-1277. https://doi.org/10.1068/p5134

Fujimoto, K., & Sato, T. (2006). Backscroll illusion: Apparent motion in the background of locomotive objects. 1ision Research,
46(1), 14-25. https://doi.org/10.1016/j.visres.2005.09.027

Fujimoto, K., & Yagi, A. (2007). Backscroll illusion in far peripheral vision. Journal of Vision, 7(8), 16. https://doi.
org/10.1167/7.8.16

Fujimoto, K., & Yagi, A. (2008). Biological motion alters coherent motion perception. Perception, 37(12), 1783-1789. https://doi.
org/10.1068/p5933

Fujimoto, K., Yagi, A., & Sato, T. (2009). Strength and variability of the backscroll illusion. Vision Research, 49(7), 759-764.
https://doi.org/10.1016/j.visres.2009.02.006

Halovic, S., & Kroos, C. (2018). Walking my way? Walker gender and display format confounds the perception of specific emo-
tions. Human Movement Science, 57, 461—477. https://doi.org/10.1016/j.humov.2017.10.012

Hirai, M., Saunders, D. R., & Troje, N. F. (2011). Allocation of attention to biological motion: Local motion dominates global
shape. Journal of Vision, 11(3), 4. https://doi.org/10.1167/11.3.4

Ji, H., Wang, L., & Jiang, Y. (2020). Cross-category adaptation of reflexive social attention. Journal of Experimental Psychology:
General, 149(11), 2145-2153. https://doi.org/10.1037/xge0000766

Johansson, G. (1973). Visual perception of biological motion and a model for its analysis. Perception & Psychophysics, 14(2), 201—
211. https://doi.org/10.3758/BF03212378

Johnson, M. H. (2006). Biological motion: A perceptual life detector? Current Biology, 16(10), 376-377. https://doi.org/10.1016/j.
cub.2006.04.008

Koerfer, K., & Lappe, M. (2020). Pitting optic flow, object motion, and biological motion against each other. Journal of 1ision,
20(8), 18. https://doi.org/10.1167/jov.20.8.18

Kuhlmeier, V. A, Troje, N. F.,, & Lee, V. (2010). Young infants detect the direction of biological motion in point-light displays.
Infaney, 15(1), 83=93. https://doi.org/10.1111/}.1532-7078.2009.00003.x

Laubrock, J., Engbert, R., & Kliegl, R. (2008). Fixational eye movements predict the perceived direction of ambiguous apparent
motion. Journal of Vision, 8(14), 13. https://doi.org/10.1167/8.14.13

Liu, W., Yuan, X., Liu, D., Wang, L., & Jiang, Y. (2021). Social attention triggered by eye gaze and walking direction is resis-
tant to temporal decay. Journal of Experimental Psychology: Human Perception and Performance, 47(9), 1237-1246. https://doi.
org/10.1037/xhp0000939

Loula, F., Prasad, S., Harber, K., & Shiffrar, M. (2005). Recognizing people from their movement. Journal of Experimental
Psychology: Human Perception and Performance, 31(1), 210-220. https://doi.org/10.1037/0096-1523.31.1.210

Lunghi, M., Di Giorgio, E., Benavides-Varela, S., & Simion, F. (2020). Covert orienting of attention in 3-month-old infants:
The case of biological motion. Infant Behavior and Development, 58, 101422, https://doi.org/10.1016/j.infbeh.2020.101422

Matsushima, T., Miura, M., Patzke, N., Toji, N., Wada, K., Ogura, Y., Homma, K. J., Sgado, P., & Vallortigara, G. (2022). Fetal
blockade of nicotinic acetylcholine transmission causes autism-like impairment of biological motion preference in the
neonatal chick. Cerebral Cortex Communications, tgac041. https://doi.org/10.1093/texcom/tgac041

Mayer, K. M., Riddell, H., & Lappe, M. (2019). Concurrent processing of optic flow and biological motion. Journal of Experimental
Psychology: General, 148(11), 1938—1952. https://doi.org/10.1037/xge0000568

Miller, G. F., & Shepard, R. N. (1993). An objective criterion for apparent motion based on phase discrimination. Journal of
Excperimental Psychology: Human Perception and Performance, 19(1), 48—62. https://doi.org/10.1037//0096-1523.19.1.48

a 'T '¥20C 'S628770C

wouy

UONIPUOD PUe WS 1 U1 995 *[7202/T0/TZ] Uo Aiqiauliuo A3(1m ‘ud-de yoAsd@ equew-<ym oaqqus> Aq 08921 dolq/TTTT'0T/10p/Lod Ao | A

folmA

35UBD1 SUOWIWOD aAIID) 3|qedt|dde au Aq pausenob aie sapiie YO ‘@sn Jo sajni Joj AriqiT auljuQ A3|1IM uo


https://doi.org/10.1007/s00426-020-01290-8
https://doi.org/10.1007/s00426-020-01290-8
https://doi.org/10.1167/jov.22.8.14
https://doi.org/10.1111/desc.12801
https://doi.org/10.3758/s13423-016-1083-9
https://doi.org/10.1068/p250727
https://doi.org/10.3758/bf03193146
https://doi.org/10.3758/bf03193146
https://doi.org/10.1016/j.visres.2005.03.004
https://doi.org/10.1068/i0612
https://doi.org/10.3758/BF03208827
https://doi.org/10.1037/0096-1523.30.2.319
https://doi.org/10.1068/p5134
https://doi.org/10.1016/j.visres.2005.09.027
https://doi.org/10.1167/7.8.16
https://doi.org/10.1167/7.8.16
https://doi.org/10.1068/p5933
https://doi.org/10.1068/p5933
https://doi.org/10.1016/j.visres.2009.02.006
https://doi.org/10.1016/j.humov.2017.10.012
https://doi.org/10.1167/11.3.4
https://doi.org/10.1037/xge0000766
https://doi.org/10.3758/BF03212378
https://doi.org/10.1016/j.cub.2006.04.008
https://doi.org/10.1016/j.cub.2006.04.008
https://doi.org/10.1167/jov.20.8.18
https://doi.org/10.1111/j.1532-7078.2009.00003.x
https://doi.org/10.1167/8.14.13
https://doi.org/10.1037/xhp0000939
https://doi.org/10.1037/xhp0000939
https://doi.org/10.1037/0096-1523.31.1.210
https://doi.org/10.1016/j.infbeh.2020.101422
https://doi.org/10.1093/texcom/tgac041
https://doi.org/10.1037/xge0000568
https://doi.org/10.1037//0096-1523.19.1.48

BIOLOGICAL MOTIONS BIAS DIRECTION PERCEPTION | 127

Nummenmaa, L., & Hietanen, J. K. (2009). How attentional systems process conflicting cues. The superiority of social over
symbolic orienting revisited. Journal of Experimental Psychology: Human Perception and Performance, 35(6), 1738—1754. https://
doi.org/10.1037/20016472

Pantle, A. J., Gallogly, D. P., & Pichler, O. C. (2000). Direction biasing by brief apparent motion stimuli. [Zsion Research, 40(15),
1979-1991. https://doi.org/10.1016/s0042-6989(00)00071-7

Peng, Y., Lee, H., Shu, T., & Lu, H. (2021). Exploring biological motion perception in two-stream convolutional neural net-
works. Vision Research, 178, 28—40. https://doi.org/10.1016/j.visres.2020.09.005

Pollick, F. E., Lestou, V., Ryu, J., & Cho, S. B. (2002). Estimating the efficiency of recognizing gender and affect from biological
motion. Vision Research, 42(20), 2345-2355. https://doi.org/10.1016/s0042-6989(02)00196-7

Posner, M. 1. (1980). Orienting of attention. Quarterly Journal of Experimental Psychology, 32(1), 3-25. https://doi.org/10.1080/00335
558008248231

Ristic, J., Friesen, C. K., & Kingstone, A. (2002). Are eyes special? It depends on how you look at it. Psychonomic Bulletin & Review,
9(3), 507-513. https://doi.org/10.3758/BF03196306

Ristic, J., Wright, A., & Kingstone, A. (2007). Attentional control and reflexive orienting to gaze and arrow cues. Psychonomic
Budlletin & Review, 14(5), 964-969. https://doi.org/10.3758/ BF03194129

Roche, L., Hernandez, N., Blanc, R., Bonnet-Brilhault, F., Centelles, L., Schmitz, C., & Martineau, J. (2013). Discrimination
between biological motion with and without social intention: A pilot study using visual scanning in healthy adults.
International Journal of Psychophysiology, 88(1), 47-54. https://doi.org/10.1016/j.ijpsycho.2013.01.009

Roether, C. L., Omlor, L., Christensen, A., & Giese, M. A. (2009). Critical features for the perception of emotion from gait.
Journal of Vision, 9(6), 15. https://doi.org/10.1167/9.6.15

Rosa-Salva, O., Grassi, M., Lorenzi, E., Regolin, L., & Vallortigara, G. (2016). Spontaneous preference for visual cues of
animacy in naive domestic chicks: The case of speed changes. Cognition, 157, 49—60. https://doi.org/10.1016/j.cogni
tion.2016.08.014

Rugani, R., Kelly, D. M., Szelest, 1., Regolin, L., & Vallortigara, G. (2010). Is it only humans that count from left to right? Bio/ogy
Letters, 6(3), 290-292. https://doi.org/10.1098/rsb1.2009.0960

Rugani, R., Rosa Salva, O., Regolin, L., & Vallortigara, G. (2015). Brain asymmetry modulates perception of biological motion
in newborn chicks (Gallus gallus). Behavioural Brain Research, 290, 1-7. https://doi.org/10.1016/j.bbr.2015.04.032

Rugani, R., Vallortigara, G., Priftis, K., & Regolin, L. (2015). Number-space mapping in the newborn chick resembles humans'
mental number line. Science, 347(6221), 534-536. https://doi.org/10.1126/science.aaal379

Sarangi, V., Pelah, A., Hahn, W. E., & Barenholtz, E. (2020). Gender perception from gait: A comparison between biologi-
cal, biomimetic and non-biomimetic learning paradigms. Frontiers in Human Neuroscience, 14, 320. https://doi.org/10.3389/
fnhum.2020.00320

Shi, J., Weng, X., He, S., & Jiang, Y. (2010). Biological motion cues trigger reflexive attentional orienting. Cognition, 117(3), 348—
354. https://doi.org/10.1016/j.cognition.2010.09.001

Shim, W. M., & Cavanagh, P. (2006). Bi-directional illusory position shifts toward the end point of apparent motion. [sion
Research, 46(19), 3214—3222. https://doi.org/10.1016/j.visres.2006.04.001

Stauder, J. E. A, Bosch, C. P. A., & Nuij, H. A. M. (2011). Atypical visual orienting to eye gaze and arrow cues in children with
high functioning autism Spectrum disorder. Research in Autism Spectrum Disorders, 5(2), 742-T48. https://doi.org/10.1016/j.
rasd.2010.08.008

Sun, Y., Wang, X., Huang, Y., Ji, H., & Ding, X. (2022). Biological motion gains preferential access to awareness during contin-
uous flash suppression: Local biological motion matters. Journal of Excperimental Psychology: General, 151(2), 309-320. https://
doi.org/10.1037/xge0001078

Takahashi, K., Fukuda, H., Ikeda, H., Doi, H., Watanabe, K., Ueda, K., & Shinohara, K. (2011). Roles of the upper and lower
bodies in direction discrimination of point-light walkers. Journal of Vision, 11(14), 8. https://doi.org/10.1167/11.14.8

Thompson, B., Hansen, B. C., Hess, R. F., & Troje, N. F. (2007). Peripheral vision: Good for biological motion, bad for signal
noise segregation? Journal of VVision, 7(10), 12. https://doi.org/10.1167/7.10.12

Thornton, I. M., & Vuong, Q. C. (2004). Incidental processing of biological motion. Current Biology, 14(12), 1084—~1089. https://
doi.org/10.1016/j.cub.2004.06.025

Thornton, I. M., Vuong, Q. C., & Biilthoff, H. H. (2003). A chimeric point-light walker. Perception, 32(3), 377-383. https://doi.
org/10.1068/p5010

Tipples, J. (2002). Eye gaze is not unique: Automatic orienting in response to uninformative arrows. Psychonomic Bulletin & Review,
9(2), 314-318. https://doi.org/10.3758/BF03196287

Tipples, J. (2008). Orienting to counterpredictive gaze and arrow cues. Perception & Psychophysics, 70(1), 77-87. https://doi.
org/10.3758/pp.70.1.77

Troje, N. F. (2003). Gender and attractiveness from biological motion. Journal of Vision, 3(9), 86. https://doi.org/10.1167/3.9.86

Troje, N. F., & Westhoff, C. (2006). The inversion effect in biological motion perception: Evidence for a "life detectot"? Current
Biology, 16(8), 821-824. https://doi.org/10.1016/j.cub.2006.03.022

Vallortigara, G. (2018). Comparative cognition of number and space: The case of geometry and of the mental number line.
Philosophical Transactions of the Royal Society of London. Series B, Biological Sciences, 373(1740), 20170120. https://doi.org/10.1098/
rstb.2017.0120

Vallortigara, G. (2021). Born knowing: Imprinting and the origins of knowledge. The MIT Press.

a 'T '¥20C 'S628770C

wouy

UONIPUOD PUe WS 1 U1 995 *[7202/T0/TZ] Uo Aiqiauliuo A3(1m ‘ud-de yoAsd@ equew-<ym oaqqus> Aq 08921 dolq/TTTT'0T/10p/Lod Ao | A

folmA

35UBD1 SUOWIWOD aAIID) 3|qedt|dde au Aq pausenob aie sapiie YO ‘@sn Jo sajni Joj AriqiT auljuQ A3|1IM uo


https://doi.org/10.1037/a0016472
https://doi.org/10.1037/a0016472
https://doi.org/10.1016/s0042-6989(00)00071-7
https://doi.org/10.1016/j.visres.2020.09.005
https://doi.org/10.1016/s0042-6989(02)00196-7
https://doi.org/10.1080/00335558008248231
https://doi.org/10.1080/00335558008248231
https://doi.org/10.3758/BF03196306
https://doi.org/10.3758/BF03194129
https://doi.org/10.1016/j.ijpsycho.2013.01.009
https://doi.org/10.1167/9.6.15
https://doi.org/10.1016/j.cognition.2016.08.014
https://doi.org/10.1016/j.cognition.2016.08.014
https://doi.org/10.1098/rsbl.2009.0960
https://doi.org/10.1016/j.bbr.2015.04.032
https://doi.org/10.1126/science.aaa1379
https://doi.org/10.3389/fnhum.2020.00320
https://doi.org/10.3389/fnhum.2020.00320
https://doi.org/10.1016/j.cognition.2010.09.001
https://doi.org/10.1016/j.visres.2006.04.001
https://doi.org/10.1016/j.rasd.2010.08.008
https://doi.org/10.1016/j.rasd.2010.08.008
https://doi.org/10.1037/xge0001078
https://doi.org/10.1037/xge0001078
https://doi.org/10.1167/11.14.8
https://doi.org/10.1167/7.10.12
https://doi.org/10.1016/j.cub.2004.06.025
https://doi.org/10.1016/j.cub.2004.06.025
https://doi.org/10.1068/p5010
https://doi.org/10.1068/p5010
https://doi.org/10.3758/BF03196287
https://doi.org/10.3758/pp.70.1.77
https://doi.org/10.3758/pp.70.1.77
https://doi.org/10.1167/3.9.86
https://doi.org/10.1016/j.cub.2006.03.022
https://doi.org/10.1098/rstb.2017.0120
https://doi.org/10.1098/rstb.2017.0120

128 | GE ET AL.

Vallortigara, G., & Regolin, L. (2006). Gravity bias in the interpretation of biological motion by inexperienced chicks. Current
Biology, 16(8), 279-280. https://doi.org/10.1016/j.cub.2006.03.052

Vallortigara, G., Regolin, L., & Marconato, F. (2005). Visually inexperienced chicks exhibit spontaneous preference for biolog-
ical motion patterns. PLoS Biology, 3(7), ¢208. https://doi.org/10.1371/journal.pbio.0030208

van Boxtel, J. J. A., Peng, Y., Su, J., & Lu, H. (2017). Individual differences in high-level biological motion tasks correlate with
autistic traits. Zsion Research, 141, 136—144. https://doi.org/10.1016/j.visres.2016.11.005

Vangencugden, J., Vancleef, K., Jaeggli, T., VanGool, L., & Vogels, R. (2009). Discrimination of locomotion direction in impov-
erished displays of walkers by macaque monkeys. Journal of Vision, 10(4), 22. https://doi.org/10.1167/10.4.22

Vanrie, J., & Verfaillie, K. (2004). Perception of biological motion: A stimulus set of human point-light actions. Bebavior Research
Methods, Instruments, & Computers, 36(4), 625—629. https://doi.org/10.3758/BF03206542

Vlamings, P. H., Stauder, J. E., van Son, I. A., & Mottron, L. (2005). Atypical visual orienting to gaze- and arrow-cues in adults
with high functioning autism. Journal of Autism and Developmental Disorders, 35(3), 267-277. https://doi.org/10.1007/s1080
3-005-3289-y

Wang, L., & Jiang, Y. (2012). Life motion signals lengthen perceived temporal duration. Proceedings of the National Academy of
Sciences of the United States of America, 109(11), 673—677. https://doi.org/10.1073/pnas.1115515109

Wang, L., Wang, Y., Xu, Q., Liu, D, Ji, H., Yu, Y., Hu, Z., Yuan, P, & Jiang, Y. (2020). Heritability of reflexive social attention
triggered by eye gaze and walking direction: Common and unique genetic underpinnings. Psychological Medicine, 50(3), 475—
483. https://doi.org/10.1017/5003329171900031X

Wang, L., Yang, X., Shi, J., & Jiang, Y. (2014). The feet have it: Local biological motion cues trigger reflexive attentional orient-
ing in the brain. Neurolmage, 84, 217-224. https://doi.org/10.1016/j.neuroimage.2013.08.041

Wang, L., Zhang, K., He, S., & Jiang, Y. (2010). Searching for life motion signals. Visual search asymmetry in local but not global
biological-motion processing. Psychological Science, 21(8), 1083—1089. https://doi.org/10.1177/0956797610376072

Wang, Y., Wang, L., Xu, Q., Liu, D., Chen, L., Troje, N. F.,, He, S., & Jiang, Y. (2018). Heritable aspects of biological motion
perception and its covariation with autistic traits. Proceedings of the National Academy of Sciences of the United States of America,
115(8), 1937-1942. https://doi.org/10.1073/pnas.1714655115

Wang, Y., Zhang, X., Wang, C., Huang, W., Xu, Q., Liu, D., Zhou, W., Chen, S., & Jiang, Y. (2022). Modulation of bio-
logical motion perception in humans by gravity. Nature Communications, 13(1), 2765. https://doi.org/10.1038/s4146
7-022-30347-y

Watanabe, S., Miki, K., & Kakigi, R. (2002). Gaze direction affects face perception in humans. Nexroscience Letters, 325(3), 163—
166. https://doi.org/10.1016/s0304-3940(02)00257-4

Watson, A. B. (1986). Apparent motion occurs only between similar spatial frequencies. 1ision Research, 26(10), 1727-1730.
https://doi.org/10.1016/0042-6989(86)90059-3

Wohlschliger, A. (2000). Visual motion priming by invisible actions. 1ision Research, 40(8), 925-930. https://doi.org/10.1016/
s0042-6989(99)00239-4

Yabe, Y., & Taga, G. (2008). Treadmill locomotion captures visual perception of apparent motion. Experimental Brain Research,
191(4), 487-494. https://doi.org/10.1007/s00221-008-1541-3

Yamada, Y., Kawabe, T., & Miura, K. (2008). Dynamic gaze cueing alters the perceived direction of apparent motion. Psychologia,
51(3), 206-213. https://doi.org/10.2117/psysoc.2008.206

Yu, Y, Ji, H., Wang, L., & Jiang, Y. (2020). Cross-modal social attention triggered by biological motion cues. Journal of Vision,
20(10), 21. https://doi.org/10.1167/jov.20.10.21

Zhang, Q. I, Wen, Y., Zhang, D., She, L., Wu, ]. Y., Dan, Y., & Poo, M. M. (2012). Priming with real motion biases visual cor-
tical response to bistable apparent motion. Proceedings of the National Academy of Sciences of the United States of America, 109(50),
20691-20696. https://doi.org/10.1073/pnas.1218654109

Zhang, Y., Wang, L., & Jiang, Y. (2021). My own face looks larger than yours: A self-induced illusory size perception. Cognition,
212,104718. https://doi.org/10.1016/j.cognition.2021.104718

Zhao, J., Wang, L., Wang, Y., Weng, X, Li, S., & Jiang, Y. (2014). Developmental tuning of reflexive attentional effect to biolog-
ical motion cues. Scientific Reports, 4, 5558. https://doi.org/10.1038/srep05558

SUPPORTING INFORMATION
Additional supporting information can be found online in the Supporting Information section at the
end of this article.

How to cite this article: Ge, Y., Yu, Y., Huang, S., Huang, X., Wang, L., & Jiang, Y. (2024). Life
motion signals bias the perception of apparent motion direction. British Journal of Psychology, 115,
115-128. https://doi.org/10.1111/bjop.12680

a 'T '¥20C 'S628770C

wouy

UONIPUOD PUe WS 1 U1 995 *[7202/T0/TZ] Uo Aiqiauliuo A3(1m ‘ud-de yoAsd@ equew-<ym oaqqus> Aq 08921 dolq/TTTT'0T/10p/Lod Ao | A

folmA

35UBD1 SUOWIWOD aAIID) 3|qedt|dde au Aq pausenob aie sapiie YO ‘@sn Jo sajni Joj AriqiT auljuQ A3|1IM uo


https://doi.org/10.1016/j.cub.2006.03.052
https://doi.org/10.1371/journal.pbio.0030208
https://doi.org/10.1016/j.visres.2016.11.005
https://doi.org/10.1167/10.4.22
https://doi.org/10.3758/BF03206542
https://doi.org/10.1007/s10803-005-3289-y
https://doi.org/10.1007/s10803-005-3289-y
https://doi.org/10.1073/pnas.1115515109
https://doi.org/10.1017/S003329171900031X
https://doi.org/10.1016/j.neuroimage.2013.08.041
https://doi.org/10.1177/0956797610376072
https://doi.org/10.1073/pnas.1714655115
https://doi.org/10.1038/s41467-022-30347-y
https://doi.org/10.1038/s41467-022-30347-y
https://doi.org/10.1016/s0304-3940(02)00257-4
https://doi.org/10.1016/0042-6989(86)90059-3
https://doi.org/10.1016/s0042-6989(99)00239-4
https://doi.org/10.1016/s0042-6989(99)00239-4
https://doi.org/10.1007/s00221-008-1541-3
https://doi.org/10.2117/psysoc.2008.206
https://doi.org/10.1167/jov.20.10.21
https://doi.org/10.1073/pnas.1218654109
https://doi.org/10.1016/j.cognition.2021.104718
https://doi.org/10.1038/srep05558
https://doi.org/10.1111/bjop.12680

	Life motion signals bias the perception of apparent motion direction
	Abstract
	INTRODUCTION
	METHOD
	Participants
	Apparatus and stimuli
	Procedure
	Data analysis

	RESULTS
	DISCUSSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICAL STATEMENT
	REFERENCES


