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Abstract
Perceptions of ambiguous biological motion are modulated by different individual cognitive abilities (such as inhibition and
empathy) and emotional states (such as anxiety). This study explored facing-the-viewer bias (FTV) in perceiving ambiguous
directions of biological motion, and investigated whether task-irrelevant simultaneous face emotional cues in the background
and the individual social anxiety traits could affect FTV. We found that facial motion cues as background affect sociobiologically relevant scenarios, including biological motion, but not non-biological situations (conveyed through random dot
motion). Individuals with high anxiety traits demonstrated a more dominant FTV bias than individuals with low anxiety
traits. Ensemble coding-like processing of task-irrelevant multiple emotional cues could magnify the facing-the-viewer bias
than did in the single emotional cue. Overall, those findings suggest a correlation between high-level emotional processing
and high-level motion perception (subjective to attentional control) contributes to facing-the-viewer bias.
Keywords Biological motion · Emotion · Social anxiety · Ambiguity · Visual perception · Ensemble coding · Facing-theviewer bias

Introduction
Humans are sensitive to the movements of others, especially
when the movements hold sociobiologically relevance to the
observer. For example, we are able to learn others’ actions
by imitation, understanding the intentions of others while
watching their actions (Iacoboni et al. 2005; Rizzolatti and
Craighero 2004; Rizzolatti and Fabbri-Destro 2010).The
particular sensitivity to biological motion was first documented in the classical studies of Johansson (1973), who
developed an experimental paradigm that enabled data about
the movements of a few joints, i.e., critical points (forming
a point light walker, PLW) to generate compelling percepts
of human motion (Johansson 1973). The information in
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PLW include not only simple dynamic information, such as
motion direction and velocity (Bertenthal and Pinto 1994;
de Lussanet and Lappe 2012; Mather et al. 1999; Pavlova
et al. 2014), but also interesting social information such as
gender (Pavlova et al. 2014; Pollick et al. 2005; Schouten
et al. 2010), intention (Manera et al. 2010), social dominance (Pavlova 2011), and emotional states (Van de Cruys
et al. 2013). Therefore, the research about biological motion,
conveyed through PLWs, provides an excellent paradigm to
investigate how the socio-cognitive factors, such as individual cognitive abilities, resolve the ambiguous perception
of biological motion (including human action).
Projecting point-light walkers orthogonally to the
observer provides a poorly defined visual motion, because
information about motion direction is lost, and it is unclear
whether the walking direction is towards or away from the
observer. In these situations, a strong facing-the-viewer
(FTV) bias has been often reported by studies using different approaches (Brooks et al. 2008; de Lussanet and
Lappe 2012; Vanrie and Verfaillie 2004). Both top-down
factors (such as the gender of the walker) (Brooks et al.
2008; Schouten et al. 2010) and bottom-up factors (such as
structural motion) (Schouten et al. 2011) can lead to a FTV
bias. In a social-interaction context, FTV bias is introduced
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by mistaking an approaching biological motion as receding;
this bias is higher than perceiving the reverse (perceiving
receding motion as approaching) (Weech et al. 2014; Yiltiz
and Chen 2015).
Social and emotional information extracted from (biological) motion may significantly influence the visual processing
of dynamic information associated with the motion stimuli
(Brooks et al. 2008; Heenan and Troje 2014, 2015; Pavlova 2011; Schouten et al. 2010; Van de Cruys et al. 2013).
On the one hand, PLW contained social information such
as age (Insch et al. 2012), gender (Cutting and Kozlowski
1977; Pollick et al. 2005), and emotional state (Clarke et al.
2005). On the other hand, the internal emotional states of the
observers could bias the perception of point-light walkers.
Emotional factors that can induce bias include empathy level
(Yiltiz and Chen 2015), anxiety level (Van de Cruys et al.
2013), and inhibition capacity (Heenan and Troje 2015).
Investigations into facing-the-viewer bias are important.
First, it is ecologically important to protect humans and animals in dangerous environments, by actively and effectively
avoiding approaching threatening predators or objects. The
perception of PLW (with bi-stability in direction) imposes an
example of perceptual decision under uncertainty. Judgment
made under uncertainty can result in over-or underestimations. To cope with the perceptual decision with uncertainty,
humans favor an “error management” bias toward making
the less costly error. For instance, the costs of false alarm
of wasting time by estimating too early the arrival time of
the approaching object are relatively low compared to the
costs of misses (i.e., not being prepared for an approaching
object.) (Haselton et al. 2009; Holbrook et al. 2014). Second, examining the size of the facing-the-viewer bias effect
will quantitatively reveal how the underlying cognitive and
individual traits modulate and relate to this perceptual bias,
and how the bias is modulated in the framework of “error
management”, hence to help humans make decisions and
secure the chance for survival and reproduction (Haselton
et al. 2009; Holbrook et al. 2014).
Humans and some animals are endowed with the ability to rapidly take in complex sensory arrays or events by
means of perceptual averaging, i.e., ‘ensemble coding’
(Ariely 2001; Hunt et al. 2008). Being able to extract statistical properties—such as the mean of numbers, sizes,
spatial layout, or even emotions from a set of simultaneously viewed objects (Alvarez 2011; Ariely 2001; Chong
and Treisman 2003; de Gardelle and Summerfield 2011;
Haberman et al. 2009; Haberman and Whitney 2007; Walker
and Vul 2014), or a series of auditory beeps (Miller et al.
2013; Piazza et al. 2013), can greatly expedite perceptual
decisions, as well as social cognition, in everyday life PLW
perception is a high-level cognitive construct, which might
differ from the percept upon other forms of visual (apparent)
motion. Therefore, the FTV effect could be modulated by the
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‘correspondence’ of perceived high-level cognitive and emotional factors but outside emotional information conveyed by
PLW stimuli themselves. We hypothesized that the acquired
mean emotion stimuli—facial figures (given by either a single face or multiple faces), though task-irrelevant, could be
used by an ensemble coding—like processing, to modulate
the FTV effect on PLWs but not on the percept of low/middle level random dot motion (containing non-sociobiological
meanings). Moreover, this modulation (if exists) is dependent on the ability of association the background emotional
information onto the PLWs. Previous evidence demonstrated
the modulating effect of anxiety on the perceptions about
PLW. Individuals with high anxiety level are more sensitive to emotional cues with higher valence (Bar-Haim et al.
2007; Fox et al. 2002; Gray et al. 2009; MacLeod et al.
1986; Mathews and MacLeod 1985; Singer et al. 2012). We
further hypothesized that by presenting the task-irrelevant
emotional facial figures, observers with high anxiety would
use the ensemble coding to extract the mean emotion, and
they would be subject to a stronger facing-the-viewer bias
than individuals with low anxiety would be.
Based on this background, we implemented two experiments to examine the perception of PLW under a single
facial emotional cue (Experiment 1) and multiple facial
emotional cues (Experiment 2). We investigated individual
differences in FTV bias, due to different levels of social anxiety traits (low vs. high anxiety). To our best knowledge, this
study showed the first empirical evidence that task-irrelevant
but subjectively (face) emotional cues, mediated by individual cognitive abilities, could modulate FTV bias.

Experiment 1
We investigated how a single task-irrelevant facial emotion cue as background affected the perception of dominant
direction (facing-the-viewer bias) of an ambiguous pointlight walker, and how social anxiety level interacts with
emotional perception to modulate the facing-the-viewer bias.

Method
Participants
Thirty-two undergraduate students (18 female; 14 male)
from Peking University participated in this experiment. Participants were aged from 18 to 25 (mean: 21.9, SE = 2.0),
with either normal or corrected to normal vision, none of
whom reported any neurological symptoms. Observers
were not informed about the purposes of the study, and
were paid for their participation. The experiment was performed in compliance with all institutional guidelines established by the Academic Affairs Committee, Department of
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Psychology at Peking University. All observers provided
written informed consent, according to institutional guidelines and the Declaration of Helsinki.
Visual stimuli and equipment
Visual stimuli included target stimuli (foreground) and a
task-irrelevant facial emotion cue (background). The target
stimuli included either a point light walker or circular random dots (Fig. 1). For each trial, we randomly chose an
azimuth rotation angle for the point-light walker as either
90° or − 90°, and counterbalanced both types of PLW. We
then displayed an animation of PLW, with a full walking
cycle of 1300 ms. We played the video with 130 frames on
Cathode Ray Tube (CRT) monitor at a vertical refresh rate
of 100 Hz (10 ms per frame),with a resolution of 1024 × 768
(pixels2). The random dots stimuli consisted of 1000 random
dots in a circular area within an imaginary contour diameter
equal to the height of the PLW. Approximately half of the
random dots moved towards the center point of this circular
(centripetal motion), while the other half moved away from
the center (centrifugal motion). Each dot was 3 pixels wide
(approximately 0.06 degrees of visual angle).
For the task-irrelevant facial emotional cue, we presented
human face figures in the background, in the same area as
the point-light walker. The face stimuli were categorized into
happy, neutral, or angry faces using a standard appraisal
procedure/scoring procedure (Gong et al. 2011). We selected
the facial stimuli with high rating consistency (over 80%)
across evaluators. The target stimulus was either a point light
walker or a display of circular random dots (Fig. 1). The 3D
position data to render the PLW were collected from the
CMU Graphics Lab Motion Capture Database (http://mocap
.cs.cmu.edu). The PLW consisted of 13 dots, representing
key joints of the body including the head, the shoulders, the
elbows, the hands, the hips, the knees, and the feet (Ahlström
et al. 1997). The position for PLW was always upward and
extended approximately 6 (high) × 4 (wide) degrees of visual

Fig. 1  A point-light walker is used as biological motion stimuli. A
task-irrelevant facial emotional cue is presented as background

angle, viewed at 90 cm between the eye and the monitor.
The PLW had a direction that was orthogonal to the monitor
surface (along the azimuthal axis), inducing an ambiguous
perception of the motion’s direction (depth).
Dots for the PLW had an average luminance of 14.88 cd/
m2 on black screen background (0.17 cd/m2) or on a background face (20 cd/m2). The emotional face stimuli were
selected from Chinese Facial Affective Picture System
(Gong et al. 2011). The computer programs were developed with Matlab (Mathworks Inc.) and the Psychophysics
Toolbox (Brainard 1997; Pelli 1997). The test booth was
semi-anechoic and dimly lit throughout the experiment, with
ambient luminance of 0.05 cd/m2. Throughout the experiment, observers used a chin-rest to maintain a fixed viewing
distance.
Design and procedure
We separated observers into a high social anxiety group
and a low social anxiety group, based on the mean scores
from the Chinese version of the Liebowitz Social Anxiety
Scale (LSAS) (He and Zhang 2004; Pan et al. 2006). The
Liebowitz Social Anxiety Scale (LSAS) was the first clinician-administered scale developed for the assessment of
fear and avoidance associated with social phobia (Rytwinski
et al. 2009; Safren et al. 1999). The LSAS consists of two
subscales, measuring the level of social phobia and the frequency of avoiding a social activity or a typical social scene.
Examples of questionnaire items include: “Making a phone
call in a public area” and “Expressing different opinions to
someone unfamiliar.” We adopted a full factorial design with
two anxiety levels (high anxiety vs. low anxiety), four background visual conditions (happy, neutral, anger, and baseline
without facial stimulus), and two target stimuli type (a point
light walker or random circular dots). The between-participants variable was social anxiety; the within-participants
variables were valence of facial emotion cue (in each trial)
and target stimuli type (in each block). We had four visual
background conditions (happy, neutral, anger, and baseline
without facial stimulus), and two target stimuli type (a point
light walker or random circular dots) and four repetitions of
each sub-condition. Therefore, the number of trials was 32.
Each trial lasted for 70 s. Participants took about 50 min to
finish the experiment.
Prior to the experiment, observers watched a short video
demo to better understand the task. The task was to focus on
upon a central cross and report the dominant walking/facing
direction (either inward or outward) of the point light walker,
and the dominant direction of the random dots motion, this
was done by holding down a corresponding key (‘up’ arrow
for inward motion in PLW and receding of random dots,
‘down’ arrow for outward motion in PLW and approaching
of random dots). The duration for each trial was 70 s. The
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first 10 s were dropped to prevent potential initial response
bias and to allow the observer to establish bi-stability of
the ambiguous motion. Data from the last 60 s were used
for analysis.
During the experiment, PLW and random dots motion
(RDM) were presented in blocks, while the background
visual conditions were presented using randomized trial-bytrial. Each block consisted of 16 trials, with each of the four
emotional valences repeated four times (Fig. 2). Observers
rested for at least 30 s every five trials. To examine the validity of the subjective appraisal of emotional valences of facial
cues (including the no-facial-image baseline condition), we
asked observers to rate emotional valences for the faces on
a Likert scale from 1 to 7 (i.e., 1-most angry, 7-most happy)
after the experiment.
Results for Experiment 1
The dependent variable is the duration of perceived motion
direction, which characterizes the stability of a dominant
perceived direction over a non-dominant direction. Because
the perceived direction is the result of a resolution of ambiguity (approaching vs. receding), the perception is bi-stable.
The dominant perceived direction changes over time, switching between two perceptions. We excluded two observers’
data for analysis. One of these experienced a ceiling effect,
perceiving all the PLW as moving outward. That person did
not perceive the bi-stability of the ambiguous stimuli. The
second excluded observer did not complete the experiment
due to an accidental failure of the response devices. Due
to large individual variances, we normalized the duration
within observers (the duration in each trial was divided by
the mean duration from all trials). Further, the study’s LSAS
scores did not exactly follow normal distribution (confirmed

Fig. 2  Procedure for Experiment 1. We measured social anxiety
level using the LSAS. Observers watched a video and practiced the
task. The type of the target stimuli (point-light walker vs. random
dots) were randomized in blocks. Each block consisted of 16 trials,
with each emotional valence (negative, neutral, positive, or baseline)
repeated four times. Each trial continued for 70 s

13

by SPSS normality plots with tests). Because of this, due
to the large individual variances, we divided subjects into
two groups using split-half (median) method. We grouped
participants with mean LSAS score greater than the median
as the high anxiety group; the remaining participants were
grouped as the low anxiety group.
We used a repeated measure analysis of variance
(ANOVA) to analyze the data. Stimuli types (point-light
walker vs. random dot motion), background visual information (negative, neutral, positive, and baseline black visual
background), and perceived direction (approaching vs.
receding) were used as within subject factors. Social anxiety group (high vs. low) was a between-subject factor and
the dominant duration was a dependent variable. The main
effect of the background information was statistically significant, F(3,84) = 2.771, p < 0.05. The mean normalized duration of dominant perceptions for negative, neutral, happy,
and baseline conditions were 1.038 ± 0.027, 1.013 ± 0.019,
0.954 ± 0.012, and 1.042 ± 0.024, respectively. The duration
under the happy condition (0.954) was significantly shorter
than in the baseline condition (1.042), p < 0.05 (see Fig. 3).
The main effects of stimuli types and dominant directions were non-significant, F(1,28) = 0.089, p = 0.768 and
F(1,28) = 3.944, p = 0.057. The interaction between stimuli
type (PLW vs. random dots) and perceived direction was statistically significant, F(1,28) = 106.572, p < 0.001. We also
found a significant three-way interaction between stimuli
type, perceived direction, and background visual information, F(3,84) = 6.414, p < 0.01. Next, we investigated these

Fig. 3  Results for Experiment 1 (a single emotion cue). The black
bars indicate normalized durations for perceptions of the dominant
direction of a point-light walker as walking away from the viewer
(receding), or perceiving the dominant direction of the coherence
motion (of random dots) as centripetal (moving inwards) random dots
during the presentation of those ambiguous visual stimuli. The gray
bars indicate normalized durations of dominant perceptions when
they are approaching/outward
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interactions by exploring the statistical results within each
stimulus category (PLW vs. random dots).
To further investigate the stimulus/task effects, we
applied two separate repeated measures ANOVA for PLW
and random dot presentations, with normalized dominant
duration as the dependent variable and the same set of predictor variables (emotion valences, perceived direction, and
social anxiety group) as the independent variables.
For the PLW task (with the point-light walkers as the
visual stimuli), the main effect of perceived direction was
statistically significant, F(1,28) = 107.243, p < 0.001, where
a Bonferroni corrected pairwise test showed the normalized
duration for receding (facing away from the viewer) (0.787,
SE = 0.0.023) was significantly lower than for approaching (1.235, SE = 0.023). This shows a typical FTV bias.
The main effect of the background visual information was
non-significant, F(3,84) = 1.321, p = 0.273. The interaction
between visual information and anxiety groups was statistically significant, F(3,84) = 4.332, p < 0.01. Simple main
effect ANOVA tests showed that, for neutral emotion cues,
the normalized duration for high social anxiety group was
significantly longer (1.125) than the duration in the low
social anxiety group (0.914), F(1,28) = 9.86, p < 0.01. For
appraisal of the neutral cues (Likert points 1–7), the mean
scores for the high anxiety group was 3.53 (0.15); the mean
for the low anxiety group was 4.06 (0.18), F(1,29) = 4.923,
p < 0.05. In contrast, when the emotional cue has a positive
valence, the normalized duration for the high social anxiety group was significantly shorter (0.919) than the duration in the low social anxiety group (1.010), F(1,28) = 6.26,
p < 0.05.
The mean dominant durations for receding and approaching perceptions were 0.834 (0.038) and 1.183 (0.032),
respectively, for the low social anxiety group; the durations
for receding and approaching perceptions were 0.761(0.035)
and 1.283 (0.030) for the high social anxiety group. The
interaction between perceived direction and social anxiety
group was statistically significant, F(1,28) = 3.881, p < 0.05.
This result indicates a strong facing-the-viewer bias. The
dominant duration of receding (facing away from the viewer)
motion was 0.798 (0.026); the duration of approaching was
1.233 (0.022), F(1,28) = 93.480, p < 0.001. The difference
in the normalized duration between perceiving receding
and approaching motion was higher for high social anxiety
group (0.52, SE = 0.03) than the difference in duration for
low social anxiety group (0.35, SE = 0.03), F(1,28) = 3.706,
p < 0.05.
For the non-sociobiologically relevant task (random dots
as the visual stimuli), there was no two-way or three-way
interaction between emotional cues and/or response type
when the ‘anxiety’ factor was considered. The main effect
of emotional valence and perceived direction was significant, with F(3,84) = 4.802, p < 0.01 and F(1,28) = 40.11,

p < 0.001. For emotional valences, a Bonferroni corrected
pairwise test showed the normalized duration under a positive emotional cue (0.95, SE = 0.01) was significantly shorter
than baseline (1.09, SE = 0.03), p < 0.001. For perceived
direction, a Bonferroni corrected pairwise test showed the
normalized duration for perceiving receding random dots
(1.17, SE = 0.02) was significantly longer than for perceiving approaching random dots (0.86, SE = 0.03), p < 0.001.
However, no significant interactions between the valence
of emotional cues and perceived direction was found,
F(3,93) = 0.543, p = 0.654. There were no group differences
between the low and high anxiety groups, F(1,28) = 2.896,
p = 0.099.

Experiment 2
Experiment 1 examined the influence of task-irrelevant single emotional cues (a single figure of human face at various emotional valences) on perception of ambiguous visual motion, using a point-light walker PLW for biological
motion stimulus and random dots for non-biological motion.
However, visual environments in the real world are much
more complex. For example, when we see a friend walking far away from us among a crowd of people, we may be
inclined to welcome the others approaching us if we feel
safe. Here, we assessed whether the perceived averaged
(mean) valence of facial cues, with an ensemble codinglike processing, could modulate the FTV bias for a group
of PLWs.

Method
Experiment 2 included 30 undergraduate students (16
female; 14 males) from Peking University, aged from 19
to 24 (21.4, SD = 2.7). The experimental design was like
Experiment 1, except we increased the number of taskirrelevant facial emotion cues from one to eight, presented
simultaneously on an imaginary circle with a radius of
650 mm (approximately 36 degrees of visual angle). We also
increased the number of point light walker from one to three,
presented side by side at the observer’s eye level (see Fig. 4).
The average valences of visual cues were the same as previous experiment, and included a background with positive,
neutral, negative faces, or a blank screen (no facial cues).
The face configurations were as follows: six out of the eight
(75%) faces were congruent with the ‘mean’ valence level
(such as ‘positive’); the remaining two were of the opposite
valence (‘negative’). Figure 4 showed a typical example of
the mean valence as ‘angry;’ two happy faces and six angry
faces were located within a circle but in random order. For
neutral valence, we used neutral emotional faces for all eight
facial stimuli.
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Fig. 4  Eight task-irrelevant
facial emotion cues (located on
an imaginary circle). First row
shows three PLWs (left) with a
crowd of faces; and random dots
(right) with a crowd of faces.
The second and third rows
show an example of an average
valences of facial emotion cues
as: negative, with six angry
faces and two happy faces (second row left); positive, with six
happy faces and two angry faces
(second row right); neutral, with
eight neutral faces (third row
left); and the baseline, without
any facial emotion cues but a
black background

Three PLWs were presented side-by-side on the screen;
the middle point-light walker was at the center of the screen,
and the other two was set at 650 mm (roughly 36 degrees of
visual angle) from the center. To prevent duplication of all
the point-light walkers, at the very beginning of presentation (300 ms), the facing directions of the two surrounding
PLWs (i.e., left and right PLW) were tilted randomly, with
a 20° angle either to the right or left along the azimuth axis.
All three point-light walkers had the same walking cycle,
starting at a random time-point in their cycle (phases randomized). We used three PLWs to balance the visual display
areas between background multiple faces and the target of
biological motion stimuli, so that the ratio of focusing PLWs
relative to the background faces in Experiment 2 was tantamount to the one in Experiment 1, and the relative saliency between the background faces and foreground PLWs
was largely controlled. However, the perceptual identity and
quality of each PLW was the same, which did not affect
the bias of the perceived direction of PLWs. Participants
reported the dominant walking/facing direction (either
inward or outward) of the three PLWs or random dots.
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To examine the validity of the subjective appraisal of
emotional valences of facial cues (including the no-facialimage baseline condition), we asked observers to rate emotional valences for the faces on a Likert scale from 1 to 7
(i.e., 1-most angry, 7-most happy) after the experiment.
The remaining configurations were the same as in Experiment 1.

Results for Experiment 2
A similar set of analysis was conducted for Experiment 2 as
for Experiment 1. We applied a repeated measure ANOVA
with stimulus type (PLWs vs. random dots), average emotion
valences of the task-irrelevant background visual cues (negative, neutral, positive, and baseline), and perceived direction
(approaching vs. receding) as the within-subject factors. The
social anxiety group (high social anxiety vs. low social anxiety) was the between-subject factor.
There were no significant main effects detected for
stimuli type, F(1,29) = 0.127, p = 0.725; for visual cues,
F(3,87) = 0.682, p = 0.565; and for perceived direction,
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F(1,29) = 3.128, p = 0.087. The interaction between visual
cues and social anxiety group was statistically significant,
F(3,87) = 2.91, p < 0.05. The interaction between stimuli
type and social anxiety group was borderline significant,
F(1,29) = 3.652, p = 0.06. The interaction between perceived direction and social anxiety group was also statistically significant, F(1,29) = 4.949, p < 0.05. The interactions between target stimuli type and perceived direction
was statistically significant, F(1,29) = 57.16, p < 0.001. The
interaction between visual cues and perceived direction was
borderline significant, F(3,87) = 2.500, p = 0.065. A threeway interaction between stimulus type, background visual
cues, and social anxiety group was statistically significant,
F(3,87) = 3.217, p < 0.05 (Fig. 5). Next, we explore these
critical interactions, by investigating the statistical results
within each type of stimuli (PLW vs. random dots).
We performed separate repeated measure ANOVA tests
for the PLW and random dots stimuli, and examined the
effects of the mean valences of facial emotion cues (negative, neutral, positive valences, and baseline)*, the perceived
motion, and social anxiety group (low vs. high), on the normalized duration of dominant perception.

Fig. 5  Results for Experiment 2 (effect of mean emotion valence
using a group of task-irrelevant facial emotion cues). The black
bars indicate normalized durations for perceiving the dominant
direction of a point-light walker as walking away from the viewer
(inward/receding) or perceiving the dominant direction of the coherence motion (of random dots) as centripetal (moving inwards) when
observing ambiguous visual stimuli. The gray bars indicate normalized durations of dominant perceptions for the approaching/outward
direction. As the figure shows, participants reported a facing-theviewer bias (perceiving the point-light-walker as approaching dominates); as with Experiment 1, this bias was magnified for individuals
with higher anxiety

For the PLWs task, the three-way interaction between
emotion valences, social anxiety groups, and perceived
direction was significant, F(3,87) = 2.88, p < 0.05. A subsequent simple main effect analysis showed that the normalized duration of the dominant perception of ‘approaching’
is higher than the perception of ‘receding’ for all valences
of emotional cues (negative, neutral, positive, and baseline),
p < 0.001. The main effect of perceived direction is significant, F(1,29) = 66.42, p < 0.001. A Bonferroni corrected
pairwise test showed that the normalized duration for the
perception of approaching (1.25, SE = 0.029) is significantly
longer than the duration of the perception of receding (0.741,
SE = 0.026), p < 0.001, showing a typical facing-the-viewer
bias as found in Experiment 1. The interaction between the
task-irrelevant facial emotion cues and social anxiety was
significant, F(3,87) = 3.558, p < 0.05.
A further simple main effects analysis found no significant
group effect when emotion valence was neutral, positive,
or when no facial emotion cues were presented (baseline),
p > 0.05. However, when emotion valence was negative,
the normalized duration for the high social anxiety group
(0.912) was significantly shorter than the duration (1.144)
for the low social anxiety group, F(1,29) = 5.41, p < 0.05.
The interaction between perceived direction and social
anxiety group was statistically significant, F(1,29) = 6.20,
p < 0.05. A further analysis of simple main effect showed
that, the low anxiety group reported a longer normalized
duration of a dominant ‘receding’ perception (0.842) than
the high anxiety group did (0.639). F(1,29) = 3.72, p = 0.064.
However, for the dominant ‘approaching’ perception, this
contrast between the two groups was non-significant,
F(1,29) = 2.73, p = 0.109, with dominant durations of 1.197
for low anxiety and 1.307 for high anxiety. Also, a Bonferroni corrected pairwise test showed that the difference
between normalized durations of perceived receding and
approaching is higher for high social anxiety group (0.67,
SE = 0.05) than the difference in low social anxiety group
(0.36, SE = 0.04), p < 0.05.
The interaction between perceived direction and social
anxiety group was significant in conditions where the average valence of emotion cues was either negative or neutral,
F(1,29) = 5.11, p < 0.005 and F(1,29) = 16.57, p < 0.001,
respectively. That is, facing-the-viewer bias was more readily observed when the average valence of facial emotion cues
was negative and neutral. However, the interaction between
perceived direction and anxiety group was not significant
when the valence was positive or at a baseline level, p > 0.05.
For the random dot motion, we found no significant twoway or three-way interactions between any of the task factors with random dots motion. The main effect of perceived
direction was significant, F(1,29) = 22.34, p < 0.001. The
normalized duration for perceived receding random dot
motion (1.18, SE = 0.036) was significantly longer than
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the duration of perceived approaching random dots motion
(0.816, SE = 0.042).
Likert scale rating showed that in Experiment 2, the
main effect of the perceived emotion valence was significant, F(3,81) = 6.934, p < 0.001. The mean scores for negative, neutral, positive, and baseline were 3.395(0.252),
3.832(0.124), 4.797(0.279), and 3.720(0.166), respectively.
A Bonferroni corrected comparison revealed significant
differences in the appraisal of negative vs. positive cues,
p < 0.05; neutral vs. positive cues, p < 0.05; and positive vs.
baseline cues, p < 0.05.
We summarized and compared the key findings of the two
experiments in Table 1.

Table 1  Key results with
statistical significances (main
effects or interaction effects) in
single face and multiple face
conditions

Discussion
This study investigated how task-irrelevant emotional cues,
presented as background visual information, affected the
processing of ambiguous visual motion conveyed through
point light walkers (biological motion) or random dots (nonbiological motion). Emotional valences (happy, anger, or
neutral) were presented as a single facial image (Experiment 1) or as an average of a group of faces (Experiment
2). The results indicated that both a single emotional cue
and an average of a group of emotional cues affected how a
dominant perception of PLW, but not random dots motion,
was resolved. Specifically, negative and neutral valences
of task-irrelevant facial emotion cues contributed to FTV
bias. Moreover, this modulation effect was higher for the
group with higher social anxiety than for the group with low
social anxiety. This finding echoes a previous hypothesis that
perceiving an approaching biological motion as receding is

Factors
Combined analysis
Type (PLW vs.RDM) × Visual × anxiety
Type (PLW vs.RDM) × Resp × anxiety
Visual × anxiety
Type × anxiety
Resp × anxiety
Visual × Resp
Type × Resp
Visual × Type
PLW
Resp
Visual
Visual × anxiety
Resp × anxiety
RDM
Resp
Visual
Visual × anxiety
Resp × anxiety

Single face

Multiple faces

N
0.063
**
N
N
0.060
***
*

*
**
*
0.066
*
0.065
**
*

(Facing viewer bias)***
N
(Neutral emotion)**
*

(Facing viewer bias)***
N
(Neutral, negative emotion)**
*

***
**
N
N

***
N
N
N

‘Type’ shows the stimuli categories (point light walker—PLW and random dots motion—RDM); ‘visual’
shows the conditions of background visual information (happy, angry, neutral, and baseline). ‘Anxiety’
indicates lower or higher social anxiety. ‘Resp’ represents the two dominant response directions: approaching and receding. The numbers indicate borderline significance. For RDM, there was no interaction effect
among the given factors. In both single face and multiple face conditions, the facing-the-viewer bias was
larger in individuals with higher anxiety compared to the group with lower anxiety. This bias was robust
with ‘neutral’ and ‘negative’ background facial valences in the ‘multiple faces’ tests (Experiment 2), but
was only seen with the ‘neutral’ face condition for in the ‘single face’ tests (Experiment 1)
N there was no statistical significance detected
*Shows that the p value is less than 0.05
**Indicate a p value less than 0.01
***Indicate a p value less than 0.001
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riskier than the opposite (perceiving a receding figure as
approaching), especially when this motion is accompanied
by potentially menacing emotional information (angry faces)
(Heenan and Troje 2015; Van de Cruys et al. 2013). Anxious
individuals display an attentional bias towards more threatening stimuli (Bar-Haim et al. 2007; MacLeod et al. 1986;
Mathews and MacLeod 1985).
We detected this facing-the-viewer bias even when the
facial images had neutral valence. Previous studies found
that observers with higher social anxiety perceived neutral
emotional information in anxiety-inducing environments
(such as crowds) as menacing/threatening (Gilboa-Schechtman et al. 1999). A post-hoc comparison found that individuals with high anxiety traits evaluated the neutral faces
as more ‘angry’ than the low anxiety group did. As a result,
even for PLWs with a neutral emotional background, observers that rated the faces as more threatening tended to perceive the dominant direction as facing the viewer (Heenan
and Troje 2014, 2015; Van de Cruys et al. 2013).
Nevertheless, the above illusory facing-the-viewer bias
when seeing ‘negative’ facial cues did not occur when we
showed only a single facial cue (Experiment 1). The specificity of this modulation effect when comparing single and
group facial cues shows that attentional focus and sensitivities to visual cues in different visual fields and across different levels (local vs. global features) might play an important modulating role. Previous studies identified qualitative
changes in sensitivity for perceiving biological motion
across the visual field. Sensitivities to the PLWs were
enhanced for images in the central vision and were reduced
for the peripheral vision (Ikeda et al. 2005). Indeed, this
performance imbalance has been seen in several studies on
visual perception (Beard et al. 1997; Daniel and Whitteridge
1961; Levi et al. 1985, 2000; Westheimer 1982).
Here, the primary function of perceiving biological
motion is to carefully and quickly retrieve detailed information about the identity, intentions, and affective state of
another individual (conveyed through PLWs). The visual
system adopted selective attention, with flexible mechanisms
for processing perceptions of biological motion and taskirrelevant figures (Battelli et al. 2003; Beintema and Lappe
2002; Cavanagh et al. 2001; Giese and Poggio 2003; Neri
et al. 1998; Thornton et al. 2002). In Experiment 1, a single
task-irrelevant facial image on the background is located
at the screen’s center. In Experiment 2, a group of faces
were aligned on a virtual circle (at parafoveal or peripheral
region), with the given spatial parameters, those facial figures crowded with each other (Bouma 1970; McNair et al.
2017; Pell et al. 2007; Shim et al. 2008; Whitney and Levi
2011). Participants might invest different attentional engagements for perceiving facial layouts. For the single (and only
salient) face (Experiment 1), more attentional focus was
directed to the one figure display; less attention was directed

to the target motion stimuli (PLWs). As such, observers had
high probability to be less efficient in aligning the emotional
valence on the background on the perceptual decision of visual motion. On the other hand, evidence has shown the sensory processing of facial information (facial expression) is
hierarchical, with the lower cortical area (such as V1) having
a spatially smaller receptive field. As such, it responds more
to simple/local features of the stimuli compared to those in
higher areas, such as inferotemporal cortex responding to
the complex/global features (emotion expression) (Felleman
and Van Essen 1991). Our visual system is usually especially
attuned to local features in the bottom half of the point light
walker during biological motion perception (Troje and Westhoff 2006). This local processing was more engaged in the
single face display. However, during a longer presentation
of facial stimuli, observers showed invariant (global) representation of the high-level facial expression with large scale
of display (with a crowd of faces are shown on the background); however, attentional resources were also distributed among them, with less attention directed to individual
faces(Ying and Xu 2017). Therefore, in our case, multifocal
attention (spreading across the multi-face displays) was limited but focused attention may not be strictly necessary for
ensemble-like perception to occur (Cavanagh and Alvarez
2005; Whitney and Levi 2011), observers could still focus
on the global outline (mean emotion) of the faces by saving
the benefits from ensemble coding. However, we should be
cautious in above arguments, in viewing that the presumed
local vs. global processing as shown in the literature, has
not been implemented and strictly tested using the stimuli
(configurations) in current experimental setting.
Attentional control theory has been used to interpret the
link between anxiety, inhibition capacity, and the perception of ambiguous visual stimuli (Heenan and Troje 2015).
Anxious individuals display an attentional bias towards more
threatening stimuli (Bar-Haim et al. 2007; MacLeod et al.
1986; Mathews and MacLeod 1985). Individuals with higher
anxiety were less able to suppress the salient emotional
properties of a single (large) face (Experiment 1); however,
they readily inhibited the processing of local features of
individual faces in a multi-face display and still efficiently
extract the mean emotion valence (global features). In a
global picture, individual with higher anxiety traits utilized
the perceptual averaging of the multiple emotional valences
(i.e., extracting the mean valence) to bias the perception of
biological motion, and the facing-the-viewer bias was magnified (Experiment 2).
When random dots were used as the visual stimuli, in
both experiment 1 and 2, there were greater perceptions of
‘receding’ motion compared to ‘approaching’ motion. This
dominance was reversed when PLWs served as the stimuli. For random dots, the perception of motion direction is
resolved to centripetal motion (moving into the center) from
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bi-stability rather than the other direction. The perception
of motion direction using point-light walkers was in the
direction coming out from the center (facing-the-viewer).
Human observers tend to process visual stimuli in the central visual field more efficiently than in the peripheral field.
This resulted in a perception of dominant receding (centripetal) motion (Aaen-Stockdale et al. 2008). Unexpectedly, we
found that the presence of the single facial image affected
the perceived dominant direction in random dots motion;
however, the group of facial images did not have this effect.
This further confirms that the central visual cues (a single
face) played a major role in modulating the lower-level perception of random dots motion. Nevertheless, we could not
find a specific modulation effect based on social anxiety
level in the random dots motion experiment. This results
implies that individual cognitive abilities, including anxiety level, is specifically aligned with life-relevant sociobiological motion stimuli such PLWs (Heenan and Troje 2014,
2015), but is not aligned with non-biological motion stimuli.
Unlike other approaches in ensemble coding, which
directly reveal that many objects were pooled into a summary, in our current approach, we did not pool directly the
facial stimuli into a summary representation. This is probably due to the task (discriminating the PLW rather than the
faces) and the stimuli sizes (larger than the stimuli in typical
studies using ensemble coding) we adopted. In the current
study, the participants could use the mean ‘emotional’ information from multiple faces with lower possibility of attending each individual, task-irrelevant faces. In this sense, we
infer that ensemble coding-like process might take place.
With that said, we cannot rule out completely there might be
some potentially unsolved/un-identified on-going process.
The present study has some other limitations. First, the
experiments did ask people whether the visual target is
approaching or going away; this protocol may introduce a
bias, because people are aware that the figure is bi-stable
(Heenan and Troje 2014). However, with the procedure of
two alternative forced choices, observers still exploited the
task-irrelevant but differential emotional cues to modulate
the FTV bias, so that the baseline/general response bias is
controlled. On the other hand, in a given trail, we omitted the
first 10 s and used the 60 s recording instead, to largely prevent the initial bias to establish the perception of domination
direction. Second, we dichotomized the group based on high
and low anxiety. Initially, in designing this study, we tried to
recruit as many participants as possible so that the possibility of discriminating individuals with lower vs. higher anxiety is acceptable. However, with LSAS test, we found that
it is not easy to obtain the participants with extreme scores
corresponding to typical lower vs. higher anxiety traits. In
current approach, we used the split-half method (by median
LSAS score) instead to separate the group into two-halves.
Lastly, In the future, relevant neuroimaging studies may be
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useful to explore the neural mechanism underlying the emotional modulation upon the FTV (Hindi Attar et al. 2010).
In sum, this study provides the first empirical evidence
that task-irrelevant but subjectively emotional cues, conveyed overtly through a single face at a single emotional
valence or a group of faces with different emotional
valences, could modulate perceptions of the dominant direction of ambiguous motion (i.e., ‘facing-the-viewer bias’).
This modulation effect was present in life-relevant situations
(PLWs), but was not seen in less life-related stimuli (random dots motion). This shows that the semantic correlation
between the modulator (facial expressions) and target motion
(PLWs) is important in allowing the emotional information
to modulate the bi-stable perception. This modulation effect
was greater in the group with higher social anxiety traits
than in the group with lower-anxiety traits, and was greater
with multiple PLWs than with a single PLW. Further neuroimaging studies will reveal the potential neural mechanism
in resolving the differential emotional modulation effect
using more or less life-relevant motion stimuli.
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