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a b s t r a c t
The human visual system is extremely sensitive to biological signals around us. In the current study, we demonstrate that biological motion walking direction can induce robust
reﬂexive attentional orienting. Following a brief presentation of a central point-light
walker walking towards either the left or right direction, observers’ performance was signiﬁcantly better on a target in the walking direction compared with that in the opposite
direction even when participants were explicitly told that walking direction was not predictive of target location. Interestingly, the effect disappeared when the walker was shown
upside-down. Moreover, the reﬂexive attentional orienting could be extended to motions
of other biological entities but not inanimate objects, and was not due to the viewpoint
effect of the point-light ﬁgure. Our ﬁndings provide strong evidence that biological motion
cues can trigger reﬂexive attentional orienting, and highlight the intrinsic sensitivity of the
human visual attention system to biological signals.
Ó 2010 Elsevier B.V. All rights reserved.

1. Introduction
Humans are social creatures. Biological signals (e.g., human faces) are arguably the most important sources of social information in human interactions, and the human
visual system is extremely sensitive and highly adaptive
to the social cues in the environment. Among them, biological motion represents a special type of biological signal
that is of prime importance for species’ survival (e.g.,
predator and prey). Indeed, numerous studies have demonstrated that observers are remarkably adept at recognizing
the characteristics of biological motion signals in complex
visual scenes, even when they are portrayed by just a handful of point-lights attached to the head and major joints
(Johansson, 1973). Observers can readily recognize the
action (Dittrich, 1993; Norman, Payton, Long, & Hawkes,
2004), gender (Kozlowski & Cutting, 1977; Mather &
Murdoch, 1994; Troje, 2002), and identity information
(Cutting & Kozlowski, 1977; Fani, Prasad, Harber, & Shiffrar,
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2005; Troje, Westhoff, & Lavrov, 2005) from point-light
biological motion.
Walking direction is another important attribute of biological motion, which provides critical information about
another living creature’s disposition and intention. Previous
studies have found that the walking direction can be successfully discriminated even when the point-light displays
are embedded in dynamic visual noise (Bertenthal & Pinto,
1994; Neri, Morrone, & Burr, 1998; Thurman & Grossman,
2008). Walking direction information can be fully extracted
in the peripheral vision (Thompson, Hansen, Hess, & Troje,
2007) and be processed incidentally (Thornton & Vuong,
2004). Developmental studies have also shown that young
infants (6-month-old) are able to discriminate the walking
direction of an upright point-light walker (Kuhlmeier, Troje,
& Lee, 2010). Newly hatched chicks, lacking of any visual
experience, tend to align their bodies in the apparent direction of the point-light animations (Vallortigara & Regolin,
2006). These ﬁndings suggest that there might be an intrinsic sensitivity to biological motion walking direction in the
primitive visual system (Simion, Regolin, & Bulf, 2008).
However, what are the functional properties and brain
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mechanisms underlying the processing of biological motion
walking direction? Intuitively, it should serve as a type of
detection or alert system to help us quickly assess others’
intentions. Functionally, for such a system to be evolutionarily important, it should have real consequences. One possibility, we hypothesize, is that the walking direction of
biological motion can be processed to the level sufﬁcient
to direct our spatial attention in order to help the observer
to better understand others’ aims.
Recently, researchers have discovered an interesting
attentional orienting effect which seems to be speciﬁc to
eye gaze and head direction. Observers’ visuospatial attention can be automatically oriented to the direction signaled
by eye gaze or head direction, even though they have been
explicitly told that the gaze or head direction is not predictive of target location or is even counterpredictive (Driver
et al., 1999; Friesen & Kingstone, 1998; Langton & Bruce,
1999). This type of reﬂexive attentional orienting, usually
evoked by central social cues (but see Tipples, 2002), is quite
different from endogenous or exogenous attention (Posner,
1980), as endogenous attention is not a reﬂexive response
(Jonides, 1981) and exogenous attention is caused by the
abrupt onset of the cue in a peripheral target location (see
Frischen, Bayliss, & Tipper, 2007 for a review). Although
the effect is well documented with eye gaze and head direction (Langton, Watt, & Bruce, 2000), it remains debated
whether there is indeed a specialized attentional mechanism tuned to biological signals (Frischen & Tipper, 2004;
Ristic, Friesen, & Kingstone, 2002; Ristic & Kingstone,
2005; Tipples, 2002).
To address these issues, the point-light walker stimuli
were adopted in a central cueing paradigm. We found that
the walking direction of an upright point-light walker induced a reﬂexive shift of observers’ spatial attention even
when participants explicitly knew that walking direction
was not predictive of target location, and this attentional
effect disappeared when the walker was shown upsidedown (Exp. 1). To further investigate whether the observed
effect is essentially triggered by biological (motion) signals,
we designed additional experiments in which the walking
direction of a non-human animal (Exp. 2), the viewpoint
information of a static ﬁgure (Exp. 3), and the motion
direction of an inanimate common object (Exp. 4) were
adopted as potential attentional cues.

2. Methods
2.1. Participants
Thirty-two graduate students from the Chinese Academy of Sciences (who aged between 24 and 32 years; 16
female) participated in the current study with twelve in
each of the experiments (Exps. 1–4). Eight participants
completed the ﬁrst three experiments. Observers had normal or corrected-to-normal vision and gave written, informed consent in accordance with procedures and
protocols approved by the institutional review board of
the Institute of Psychology, Chinese Academy of Sciences.
They were all naïve to the purpose of the experiments.
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2.2. Stimuli and procedure
Stimuli were generated and displayed using MATLAB
(Mathworks, Inc.) together with the Psychophysics Toolbox extensions (Brainard, 1997; Pelli, 1997). Point-light
human and cat biological motion sequences were adopted
from Vanrie and Verfaillie (2004) and Troje and Westhoff
(2006), respectively, and the head and joint positions in
each frame were encoded as motion vectors with initial
starting positions. Each gait cycle was 1 s and contained
60 frames. In Exp. 1, the upright and inverted point-light
walkers were used as central cues, and the walking direction of the walkers could be either towards the left or right
of ﬁxation. The initial frame of the point-light display was
randomized for each trial to avoid observers’ prediction. In
Exp. 2, everything was exactly the same as in Exp. 1 except
that the point-light walker was changed to the point-light
cat. Similarly, the walking direction of the point-light cat
could be either towards the left or right of ﬁxation, and
the initial frame of the point-light display was also randomized for each trial. In Exp. 3, static biological motion
frames with the most extended points of a gait cycle (i.e.,
the most explicit facing direction) were captured from
the real point-light walker stimuli (Exp. 1) and displayed
as the cues. The static point-light human ﬁgures could be
either facing left or right. Inverted counterparts were created by mirror ﬂipping all of the stimuli vertically. In
Exp. 4, a rotating point-light circle (rotating clockwise or
counter-clockwise) with a ﬂat ﬂoor or ceiling was created
so that it looks like that the circle is moving towards the
left or right on the ﬂoor or the ceiling, similar to the percept of the point-light walker.
Stimuli were presented in white on a gray background,
and the viewing distance was about 50 cm. Each trial began with ﬁxation on a central cross (0.8°  0.8°) within a
frame (24.5°  24.5°) that extended beyond the outer border of the stimuli. Observers ﬁxated at the central cross
and viewed the human biological motion sequences (Exp.
1), cat biological motion sequences (Exp. 2), static biological motion frames (Exp. 3), and rotating motion sequences
(Exp. 4) that were all presented at the center of the screen.
Each point-light walker sequence (or static point-light
walker frame) subtended approximately 4.0°  6.8° in visual angle and each point-light cat sequence was about
5.8°  3.4° in visual angle. Each stimulus was displayed
for 500 ms. After the stimulus (cue) presentation, there
was a 100 ms inter-stimulus interval (ISI) in which only
the ﬁxation was displayed, followed by a small Gabor
patch (2.5°  2.5°, 4.8 cpd) that was presented brieﬂy
(100 ms) as a probe on the left or right side of the ﬁxation,
and the horizontal distance between the center of the
Gabor patch and the ﬁxation was 5.0° (see Fig. 1 for a schematic experimental procedure). The Gabor patch was
slightly tilted clockwise or counter-clockwise, and observers were required to press one of two buttons to indicate
their perceived orientation of the Gabor patch regardless
of the side of presentation. In the beginning of each experiment, observers were explicitly told that none of the human (Exp. 1) and animal (Exp. 2) walking direction, the
human ﬁgure facing direction (Exp. 3), or the rotating
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Fig. 1. Static frames of sample stimuli used in the current study and schematic representation of the experimental paradigm. (a) Point-light walkers, pointlight cats, static frames of point-light walkers, and point-light circles were used in the current study, including both upright and inverted versions. The
arrows here indicate the motion direction and were not presented in the actual experiments. (b) After a point-light motion (or static frame) stimulus was
presented for 500 ms in each trial, there was a 100 ms inter-stimulus interval (ISI) in which only the ﬁxation was displayed, followed by a small Gabor patch
that was presented brieﬂy (100 ms) as a probe on the left or right side of the ﬁxation. The Gabor patch was slightly tilted clockwise or counter-clockwise,
and observers were required to press one of two buttons to indicate their perceived orientation of the Gabor patch regardless of the side of presentation. In
the beginning of each experiment, observers were explicitly told that the cue (e.g., walking direction) was not predictive of target location.

direction (Exp. 4) would predict target location, and they
were asked to ﬁxate at the central cross throughout the
experiment. The upright and inverted conditions were
run in separate blocks. There were a total of 80 trials for
each subject and for each experiment, with 40 trials for
the upright and inverted conditions, respectively. The order of the test conditions (e.g., upright vs. inverted) was
counter-balanced across subjects.

3. Results
3.1. Experiment 1: reﬂexive attentional orienting triggered by
biological motion walking direction
When point-light biological motion sequences were
presented as potential central cues, we found a signiﬁcant
interaction between biological motion walking direction
(congruent vs. incongruent) and biological motion orientation (upright vs. inverted) conditions (F1,11 = 8.12, p < 0.02;
Fig. 2a). Speciﬁcally, observers’ performance on a subsequent Gabor probe orientation discrimination task was signiﬁcantly better when the probe was presented in the
walking direction of the upright point-light walker (congruent condition) compared with when the probe was presented in the opposite direction (incongruent condition)
regardless of whether the probe was on the left or right
side of the ﬁxation (82.9% vs. 71.2%, t11 = 3.80, p < 0.005).

This result was quite consistent across individual observers
(see Supplementary Fig. 1 for individual data), and suggests that observers’ spatial attention was involuntarily
oriented to the walking direction of the point-light walkers. This was true even though all of the observers were
explicitly told prior to the experiment that the walking
direction was not predictive of target location. Interestingly, such a reﬂexive attentional orienting effect disappeared when the point-light walkers were shown upsidedown (77.9% vs. 77.9%, t11 = 0.01, p > 0.9).
Previous studies that reported the reﬂexive orienting effects of eye gaze and head direction usually measured
reaction time as an index (Driver et al., 1999; Friesen &
Kingstone, 1998; Langton & Bruce, 1999). In order to directly compare the effect observed here with those found
with eye gaze and head direction, we carried out another
experiment in which everything was exactly the same as
Exp. 1 except that observers were asked to respond, as
quickly as possible, to the position of the Gabor probe (left
vs. right) relative to the central ﬁxation. In addition, the
cue duration was also manipulated to be 200 ms, 500 ms,
and 1000 ms. Consistently, we found signiﬁcant reﬂexive
attentional orienting effects when the cues were presented
for 200 ms (t11 = 2.86, p < 0.02) and 500 ms (t11 = 2.21,
p < 0.05) but not for 1000 ms (t11 = 0.25, p > 0.8; see Supplementary Fig. 2). This pattern of results is quite similar
to what have been found on eye gaze and head direction.
The reﬂexive attentional orienting effect induced by the
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Fig. 2. Results from Exps. 1–4. When human (a) or cat (b) motion sequences were used as attentional cues, results showed that observers’ performance on a
subsequent Gabor probe orientation discrimination task was signiﬁcantly better when the probe was presented in the walking direction of the point-light
walkers or point-light cats (congruent condition) compared with when the probe was presented in the opposite direction (incongruent condition).
However, such a reﬂexive attentional orienting effect disappeared when the point-light walkers or point-light cats were shown upside-down. (c) There was
no signiﬁcant difference whether the probe was presented on the facing or opposite direction of the static point-light ﬁgures. (d) Inanimate object motion
could not induce reﬂexive attentional orienting. *p < 0.05; **p < 0.01; n.s., no signiﬁcance.

eye gaze direction can be consistently found with a cuetarget interval of 100–600 ms, but not 1000 ms at which
point the cueing effect appears to vanish (see Langton
et al., 2000 for a review). Taken together, our ﬁndings provide strong evidence that observers’ visuospatial attention
can be automatically oriented to upright but not inverted
biological motion walking direction, suggesting an intrinsic sensitivity to biological motion signals in the human
brain (Johnson, 2006; Simion et al., 2008).
3.2. Experiment 2: attentional orienting elicited by nonhuman animal walking direction
If the observed effect from Exp. 1 is indeed a specialized
brain mechanism tuned to biological motion signals, then
it should be able to generalize to motions of other biological entities including non-human animals (Mather &
West, 1993). When the walking direction of a point-light
cat was used as potential cues, there was also a signiﬁcant
interaction between biological motion walking direction
(congruent vs. incongruent) and biological motion orientation (upright vs. inverted) conditions (F1,11 = 6.15, p < 0.03;
Fig. 2b). Similarly, observers’ performance was signiﬁcantly better when the probe was presented in the walking

direction of the upright point-light cat compared with
when the probe was presented in the opposite direction
(82.5% vs. 75.4%, t11 = 2.75, p < 0.02). Again, this effect disappeared when the point-light cat was shown upsidedown (79.2% vs. 81.7%, t11 = 1.20, p > 0.2).
3.3. Experiment 3: no reﬂexive orienting elicited by static
ﬁgure viewpoint information
The results from Exp. 1 and Exp. 2 provide strong evidence that there exists robust reﬂexive attentional orienting to the direction signaled by biological motion walking
direction. However, it is possible that the observed effect
is not due to the walking direction of biological motion
per se, but instead relies on the viewpoint information of
the point-light ﬁgures (e.g., a point-light ﬁgure facing left
or right). To test this possibility, we designed Exp. 3 in
which static point-light human ﬁgures (captured from
the real human biological motion sequences) with the
most explicit facing direction were used as the central cues
and all the other aspects were kept the same as Exp. 1. Results are shown in Fig. 2c, and the interaction between ﬁgure facing direction (congruent vs. incongruent) and ﬁgure
orientation (upright vs. inverted) was not signiﬁcant
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(F1,11 = 2.37, p > 0.2). There was also no signiﬁcant difference whether the probe was presented on the facing direction or the opposite direction of the static point-light ﬁgure
no matter the human ﬁgure was shown upright (80.0% vs.
82.5%, t11 = 1.00, p > 0.3) or inverted (83.8% vs. 80.4%,
t11 = 1.20, p > 0.2).
3.4. Experiment 4: reﬂexive attentional orienting specialized
for biological motion signals
The results from Exps. 1–3 suggest that biological motion cues can trigger reﬂexive attentional orienting. However, a more general question remains unresolved:
whether such reﬂexive orienting effect is specialized for
biological motion signals or it is a general mechanism applied to inanimate motions as well? By tapping into this issue, the answer is not only important for this particular
phenomenon, but may also be generalized to the attentional effect obtained from eye gaze and head direction
(see Frischen et al., 2007 for a review). We therefore
adopted point-light rotating circles that were created with
the same amount of point-lights as the point-light walkers.
This type of stimuli contains no biological information, but
has clear moving direction. Results from this experiment
showed that there was no signiﬁcant interaction between
motion direction (congruent vs. incongruent) and motion
orientation (upright vs. inverted) conditions (F1,11 = 0.02,
p > 0.8; Fig. 2d). Observers’ performance was not different
when the probe was presented in the moving direction
or the opposite direction of the point-light circles (upright
condition: 83.8% vs. 84.2%, t11 = 0.16, p > 0.8; inverted
condition: 85.0% vs. 84.6%, t11 = 0.10, p > 0.9).
To further investigate the role of biological motion signals in the observed attentional orienting effect, we carried
out another control experiment in which everything was
the same as in Exp. 1 except that some critical biological
motion information was disrupted from the point-light
walker. Speciﬁcally, each individual dot moved along a
path identical to that in Exp. 1 but with a constant speed
equal to the average speed, and the initial motion phase
of each individual dot was also randomized (Chang & Troje,
2009). Interestingly, the attentional orienting effect disappeared no matter whether the point-light walker was
shown upright (t11 = 0.17, p > 0.8) or inverted (t11 = 1.20,
p > 0.2) and there was no signiﬁcant interaction between
biological motion walking direction (congruent vs. incongruent) and biological motion orientation (upright vs. inverted) conditions (F1,11 = 1.00, p > 0.3). This result
suggests that the kinematics of the intrinsic biological motion signals plays a key role in inducing the reﬂexive attentional orienting, which is also consistent with the ﬁndings
that the brain regions engaged in biological motion processing is distinct from those for other types of motion signals (Bonda, Petrides, Ostry, & Evans, 1996; Grossman
et al., 2000).
4. Discussion
Many vertebrates, including humans, own a primitive
visual system that preferentially processes biological mo-

tion. Since walking is perhaps the most common movement generated by all living creatures with feet, it makes
sense that we are extremely sensitive to others’ walking
direction (Bertenthal & Pinto, 1994; Neri et al., 1998;
Thompson et al., 2007; Thornton & Vuong, 2004; Thurman
& Grossman, 2008), and this sensitivity develops very early
in life (Kuhlmeier et al., 2010; Vallortigara & Regolin,
2006). However, little is known about the functional properties and brain mechanisms underlying the processing of
biological motion walking direction (Mori et al., 2006;
Simion et al., 2008; Yoon & Johnson, 2009). Here we provide clear evidence that the walking direction of a pointlight walker can trigger robust reﬂexive orienting of spatial
attention. Moreover, the attentional orienting effect takes
place over a relatively long time course, and can be extended to the walking direction of non-human animals.
Critically, the reﬂexive orienting effect disappears when
the point-light walker is shown upside-down or only the
static point-light human ﬁgure (with clear facing direction)
is shown. Moreover, an inanimate object’s motion cannot
produce attentional orienting. These ﬁndings point to a
specialized attentional mechanism that is highly sensitive
to meaningful biological motion walking direction.
Some recent studies have shown that local biological
motion, independent of global conﬁguration, conveys walking direction information (Chang & Troje, 2009; Saunders,
Suchan, & Troje, 2009; Troje & Westhoff, 2006). Indeed,
when the critical local biological motion information was
removed from the cues, no signiﬁcant attentional orienting
effect was found. This result suggests that such attentional
orienting relies on the kinematics of the intrinsic biological
motion signals (Chang & Troje, 2008; Troje & Westhoff,
2006; Wang, Zhang, He, & Jiang, 2010) and does not require
a particular global conﬁguration that matches a static
template. It should also be noted that although the static
point-light human ﬁgure cannot induce robust reﬂexive
attentional orienting and the effect observed in the current
study is likely due to the local biological motion processing,
a real human body image with strong implied motion information might also be able to elicit the orienting effect
(Gervais, Reed, Beall, & Roberts, 2010; Kourtzi & Kanwisher,
2000), as the effect could partially rely on the perceived
motion direction of biological entities.
Nevertheless, the fact that the reﬂexive attentional orienting effects have been reliably found with biological signals (e.g., eye gaze, head direction, and walking direction)
suggests that the underlying neural mechanisms are specialized and distinct from those of endogenous or exogenous attention (Driver et al., 1999; Friesen & Kingstone,
1998; Frischen et al., 2007; Langton & Bruce, 1999). Indeed,
recent brain imaging studies have provided much stronger
evidence that the neural circuitry subserving the reﬂexive
orienting response triggered by gaze cues involves complex
cortical connections between temporal and parietal areas
(Kingstone, Friesen, & Gazzaniga, 2000; Kingstone, Tipper,
Ristic, & Ngan, 2004) and includes the superior temporal
sulcus (STS) where both the eye gaze and biological motion
(walking direction) are encoded (Bruce, Desimone, & Gross,
1981; Campbell, Heywood, Cowey, Regard, & Landis, 1990;
Grossman, Battelli, & Pascual-Leone, 2005; Grossman &
Blake, 2002; Grossman et al., 2000; Jackson & Blake, 2010;
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Jiang & He, 2008; Perrett et al., 1985; Puce, Allison, Bentin,
Gore, & McCarthy, 1998; Wicker, Michel, Henaff, & Decety,
1998). It is likely that the STS is one of the key neural sites
involved in these social cueing effects (Frischen et al.,
2007).
In summary, the current study demonstrates that
meaningful biological motion walking direction information can trigger reﬂexive orienting of spatial attention.
Our results, together with recent ﬁndings on eye gaze
and head direction, make a strong case for a specialized
attentional mechanism tuned to various aspects of biological signals that are meaningful and important for species’
interactions.
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