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Social directional cues (e.g., gaze direction; walking direction) can trigger reflexive attentional orienting,
a phenomenon known as social attention. Here, we examined whether this reflexive social attention
could be modulated by the emotional content embedded in social cues. By introducing emotional (happy
and sad) biological motion (BM) stimuli to the modified central cuing paradigm, we found that the
happy but not the sad emotional gait could significantly boost attentional orienting effect relative to the
neutral gait. Critically, this “happiness advantage” effect could be extended to social attention induced
by gaze. Furthermore, the observed differential emotional modulations could not be simply explained
by low-level physical differences between the emotional stimuli, as inverted social cues (i.e., BM and
face) failed to produce such modulation effects. Overall, these findings highlight the role of emotional
information in modulating the processing of social signals, and further suggest the existence of a general
emotional modulation on social attention triggered by different types of social signals.
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As social species, humans have an extraordinary ability to readily
detect interactive partners’ focus of attention and further infer their in-
ternal states (e.g., beliefs, goals) via a variety of social signals (Bir-
mingham & Kingstone, 2009; Frischen et al., 2007; Klein et al., 2009;
Nummenmaa & Calder, 2009). This fundamental ability, referred to as
social attention, plays a central role in facilitating interpersonal interac-
tions and is especially vital for human survival (Klein et al., 2009;
Shepherd, 2010). Eye gaze, as the “window to the soul,” informs us

about other individual’s state of mind and serves as the critical infor-
mation source for social attention behavior (Baron-Cohen, 1995; Itier
& Batty, 2009; Langton et al., 2000). A modified central cuing para-
digm has been introduced by Friesen and Kingstone (1998) to probe
such social attention behavior. During this task, a nonpredictive eye
gaze cue is presented at the center of the screen, followed by a periph-
eral target appearing either on the congruent location signaled by the
central cue or on the opposite side (incongruent). It has been found
that the nonpredictive gaze direction cue could trigger faster reaction
times (RT) to targets in the congruent condition than in the incongruent
condition. This effect occurs very fast and even when the gaze direc-
tion is counterpredictive of the target location, thus, disclosing its
reflexive nature (Driver et al., 1999; Friesen & Kingstone, 1998; Frie-
sen et al., 2004; Frischen et al., 2007; Langton & Bruce, 1999).

Alongside eye gaze, the movement of biological organisms
presents another essential source of information regarding others’ in-
ternal states. It has been well documented that observers are highly
adept at recognizing the characteristics of biological motion (BM)
cues, even when they are depicted solely by the motions of a few
point lights attached to the major joints of living entities (i.e., point-
light displays; Grossman et al., 2000; Johansson, 1973; Troje, 2002,
2008). Point-light BM cues, similar to faces, can provide a great
amount of social information, such as gender (Kozlowski & Cutting,
1977; Pollick et al., 2005), actions (Decety & Grèzes, 1999; Dittrich,
1993; Vanrie & Verfaillie, 2004), intentions (Manera et al., 2010),
and so forth (for a review, see Blake & Shiffrar, 2007). Crucially, the
cognitive processing mechanism of BM is very similar to that of
faces (Simion et al., 2011; Thompson&Hardee, 2008). For example,
both point-light BM and face stimuli are preferred by newborns
(Cassia et al., 2004; Simion et al., 2008; Thompson & Hardee, 2008;
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Valenza et al., 1996) and manifest a significant inversion effect
(Chang et al., 2010; Freire et al., 2000; Ikeda et al., 2005; Leder &
Bruce, 2000; Pavlova& Sokolov, 2000; Sumi, 1984; Troje&Westh-
off, 2006; Yin, 1969). Moreover, deficient BM processing was
observed in patients with congenital prosopagnosia, a selective
impairment in face recognition (Lange et al., 2009), and was found
to be correlated with impairments in face recognition for stroke
patients (Saygin, 2007). Similarly, such an intimate link between
BM and face processing was also obtained in the nonclinical pop-
ulation (Miller & Saygin, 2013). Further, neuroimaging studies
have reliably reported that face and BM perception involved com-
mon brain regions (Blake & Shiffrar, 2007; Engell & McCarthy,
2013; Grossman et al., 2000; Peelen et al., 2006; Servos et al.,
2002; Vaina et al., 2001). Collectively, these observations indi-
cate the existence of a potentially shared mechanism of face and
BM perception and highlight the importance to delineate such a
broader social perception system using face and BM as different
visual stimuli (Minnebusch & Daum, 2009; Simion et al., 2011;
Thompson & Hardee, 2008).
In particular, walking direction of BM, being an especially im-

portant attribute conveying the disposition and goals of a biologi-
cal entity, can also trigger a reflexive attentional effect analogous
to that induced by gaze direction (Liu et al., 2021; Shi et al., 2010;
Yu et al., 2020). This BM-triggered attentional effect persists
when only the feet motion cue is displayed and observers are naïve
to its biological nature (Wang et al., 2014). Moreover, such atten-
tional orienting behavior triggered by the point-light walker occurs
early in life, as evidenced in 6-month-old infants and preschool
children (Bardi et al., 2011; Zhao et al., 2014). Importantly, our
recent studies have demonstrated that this BM-triggered social
attention ability is supported by genetic bases and neural mecha-
nisms that are shared with the attentional effects triggered by gaze
cues, but not with those induced by nonsocial arrow cues (Ji et al.,
2020; Wang et al., 2020). Taken together, these findings indicate
the robustness and uniqueness of social attention triggered by eye
gaze and walking direction, which might be linked with the evolu-
tionary significance of these social signals.
In addition to direction signals, social cues can also convey

emotionally relevant information. These emotional signals, such
as facial expressions, offer important clues to others’ internal
affective states. When combined with direction signals, they pro-
vide insight into an individual’s affective evaluation regarding the
nature (good or bad) of the event/object he or she is attending to.
For example, a happy face with averted gaze, compared with the
neutral one, communicates a greater chance for the presence of a
reward. Hence, this extra clue should enhance cuing effect so as to
facilitate the detection of potential reward or punishments in the
environment. Following this idea, multiple previous studies have
examined the modulation of emotions on gaze cuing, while the
results are rather mixed. Some evidence revealed a modulation of
facial expressions on gaze-mediated orienting (Bayless et al.,
2011; Graham et al., 2010; Lassalle & Itier, 2015b; McCrackin &
Itier, 2018a; Neath et al., 2013; Pecchinenda & Petrucci, 2021;
Pecchinenda et al., 2008). Conversely, reports from other studies
have demonstrated that gaze cuing effect is independent of facial
expression processing (Coy et al., 2019; Hietanen & Leppänen,
2003). Several factors have been identified to account for these
discrepant findings, such as stimulus onset asynchrony, task
demands, individual differences and so forth (Bayliss et al., 2010;

Friesen et al., 2011; Graham et al., 2010; Lassalle & Itier, 2015a,
2015b; McCrackin & Itier, 2018b; Pecchinenda & Petrucci, 2016).
Among them, one particular factor worthy of consideration is the
low-level physical features of emotional faces, such as the size of the
eyes or sclera/pupil contrast in fearful and surprised faces (Tipples,
2005), which might confound the modulation effect induced by facial
emotion per se. Yet to date, it remains difficult to control for these
low-level differences in emotional face stimuli. It is, therefore, im-
portant to investigate whether this emotional modulation observed
with gaze-mediated orienting similarly exists in the attentional effect
triggered by point-light BM stimuli, another type of social cue with
analogous processing mechanism but different physical properties.

Unlike the face images, the irrelevant physical confounders
(e.g., body shape) are entirely removed for the minimalistic point-
light BM, leaving key dynamic information conveying emotion
(e.g., velocity, bounciness and swing; Barliya et al., 2013; Chou-
chourelou et al., 2006; Halovic & Kroos, 2018a, 2018b; Roether
et al., 2009). For instance, happy BM would exhibit an appearance
of bounciness with a faster pace and longer arm swing, while sad
BM was characterized by a slouching gait with short slow strides
and smaller arm movement. Numerous studies have found that the
distinctly expressed emotions contained in point-light displays,
such as happiness, sadness, and anger, could be successfully rec-
ognized by observers (Alaerts et al., 2011; Bachmann et al., 2020;
Montepare et al., 1987; Ogren et al., 2019). More importantly, the
point-light BM stimuli, though varying significantly from faces in
the way to express emotions, share a very similar emotion process-
ing mechanism with that of faces. For instance, the emotional
faces and point-light BM stimuli, compared with the neutral coun-
terparts, could both evoke stronger neural responses in the brain
regions critically involved in social cues and emotion processing
(e.g., the superior temporal sulcus; Atkinson et al., 2012; Bach-
mann et al., 2018; Engell & Haxby, 2007; Peelen et al., 2007; Pes-
soa et al., 2002; Zhu et al., 2013). Besides, the observed
behavioral and neural responses to the emotional information con-
veyed by BMs and faces were found to be impaired in individuals
with social–cognitive deficits (e.g., autism; Atkinson, 2009; Harms
et al., 2010; Hubert et al., 2007; Mazzoni et al., 2022; Nackaerts
et al., 2012; Okruszek, 2018; Pavlova, 2012). Furthermore, in par-
allel with face studies that have reported an interaction of facial
expressions and other face information (Becker et al., 2007; Pour-
tois et al., 2010), it has been demonstrated that the emotional in-
formation of point-light displays could also modulate other aspects
of BM processing (Halovic & Kroos, 2009, 2018b). For example,
emotional cues could bias the gender perception of BM. Specifi-
cally, angry walkers were more likely to be judged as males while
sad walkers were more likely to be identified as females (Johnson
et al., 2011). Some studies have shown that the emotional content
also enhanced the detection performance of a point-light walker
masked by random moving dots. In particular, consistent with the
happiness advantage observed in faces (Becker et al., 2011; Calvo
& Beltrán, 2013; Leppänen & Hietanen, 2004; Shimamura et al.,
2006), happy walkers also showed a superiority effect in detection
over sad or angry walkers (Chouchourelou et al., 2006; Ikeda &
Watanabe, 2009; H. Lee & Kim, 2017; Spencer et al., 2016),
which could be attributed to a general positivity bias due to past
experiences of encountering situations of either oneself being
happy or observing others in happy moods more frequently
(Diener & Diener, 1996).
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Although the vital role of emotional gait in cognitive processing
of BM cues has received some attention, whether it would interact
with the processing of walking direction remains largely unad-
dressed. More specifically, it is heretofore unknown whether emo-
tional gait and walking direction, the two important sources of
others’ internal states provided by BM, can also interact with each
other to modulate reflexive attentional orienting like those reported
in face studies (e.g., Bayless et al., 2011; Graham et al., 2010;
Lassalle & Itier, 2015b; McCrackin & Itier, 2018a; Neath et al.,
2013; Pecchinenda & Petrucci, 2021; Pecchinenda et al., 2008).
Given that BM-mediated attentional effect was found to be sup-
ported by a specialized mechanism tuned to social signals (Ji
et al., 2020; Wang et al., 2020), probing the emotional modulation
of the BM-triggered social attention effect could be informative for
the issue on whether emotions modulate social attention.
To fill this gap, we adopted the emotional (happy and sad)

point-light walkers together with the well-studied neutral one
for use in a social attention task. Specifically, the emotional
BM stimuli employed here were parametric, and the critical
parameter for happy-sad classification is the second harmonic
to the vertical movements (Troje, 2002, 2008). The power of
the second harmonic is relatively low for the sad walkers,
while it is higher for the happy walkers, which generates an
appearance of bounciness in the happy walkers. In addition to
BM stimuli, the emotional (happy and sad) and neutral faces
were employed as the central cues. Even though BM and face
stimuli vary significantly in terms of low-level visual features,
they share some processing mechanisms, especially for emo-
tion perception (Blake & Shiffrar, 2007; Simion et al., 2011;
Thompson & Hardee, 2008), and could induce an analogous
social attention effect (Ji et al., 2020; Wang et al., 2020).
These two types of cues, when adopted in the same cuing task,
can inform us whether the same emotional modulation could
be observed for social attention triggered by social signals that
are totally different in visual features. This could facilitate our
understanding of a general emotional modulation on social
attention as well as alleviate the debate on the explanations of
low-level versus high-level processing. Note that although pre-
vious studies have already examined the modulation of facial
expressions on gaze cuing (Bayliss et al., 2010; Coy et al.,
2019; Dawel et al., 2015; Hietanen & Leppänen, 2003; Las-
salle & Itier, 2015b; Pecchinenda et al., 2008; see also Dal-
maso et al., 2020 for a review), there still lacks the direct
comparison between happy and sad facial expressions, and the
current study hence could provide new insights into this emo-
tional modulation. Besides, similar to former research (Bayless
et al., 2011; Ogren et al., 2019; Shi et al., 2010; Wang et al.,
2014; Zhao et al., 2014), we utilized the inverted emotional
BM and face stimuli as central cues to further rule out the pos-
sible influences from low-level visual features.

Method

Participants

A total of 144 participants (93 females) ranging from 18 to 30
years old (M 6 SD = 23 6 2.69) were recruited in the study, with
36 in each of the four experiments. All had normal or corrected-

to-normal vision and gave written informed consent in accordance
with the procedure 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.
Prior power analyses (matched-pairs t-tests, one-tailed) using
G*Power (Version 3.1.9.4; Faul et al., 2007) indicated that a sam-
ple size of at least 15 participants would afford 80% power with
alpha at .05 to detect a medium-high attentional effect (Cohen’s
d = .70) triggered by central BM and eye gaze cues, which were
found in previous studies with identical designs (Lassalle & Itier,
2015b; Experiment 2; Shi et al., 2010). To adequately detect a
potential interaction in the current study, we further expanded the
sample size to 36 per experiment. The sensitivity power analysis
indicated that the within-subjects ANOVA with 36 participants
would be sensitive to effects of g2

p = .04 with 80% power (a =

.05). This means that our study could reliably detect effects larger
than g2

p = .04, which is a small-to-medium effect and is compara-

ble to that reported in previous studies (Chen et al., 2021;
McCrackin & Itier, 2018a).

Stimuli

All stimuli were presented using MATLAB (Mathworks, Inc.)
together with the Psychophysics Toolbox extensions (Brainard,
1997; Pelli, 1997) on a 23.8-in. Dell monitor. The parametric emo-
tional (happy and sad) and neutral point-light walkers with left-
ward or rightward walking direction were adopted from Troje
(2002, 2008). Each BM cue comprised 15 point-light dots depict-
ing the motions of the head, pelvis, thorax, and major joints (i.e.,
shoulders, elbows, wrists, hips, knees, and ankles). Each gait cycle
was 1 s and contained 30 frames. The emotional state of this stim-
uli set was indexed by a normalized Z score on an axis reflecting
the differences between happy and sad walkers in terms of a linear
classifier. We adopted the neutral walker that scored 0 on the lin-
ear axis, together with the happy walker 6 SDs into the happy part
of the axis and the sad walker 6 SDs into the sad part of the axis
(see https://www.biomotionlab.ca/html5-bml-walker/ for an inter-
active animation). Note that the scores were computed within a
10-dimensional subspace spanned by the first 10 principal compo-
nents based on a Fourier-based representation of observers’ emo-
tional ratings of 80 actual walkers (half male; Troje, 2008). This
approach matches the BM stimuli in terms of frequency and phase,
while exaggerates the diagnostic features that the classifier extracts
to generate walking patterns with the respective properties and
attributes. Here, the critical feature for this happy-sad classifica-
tion is the second harmonic to the vertical movements, which cre-
ates an appearance of bounciness in the happy walkers. It should
be pointed out that the identity and gender of this BM stimuli set
were ambiguous, as they were the averages of 80 actual walkers
(half male). In Experiment 1, the upright point-light walkers were
used as the central cues. For each trial, a point-light walker with a
specific direction (left or right) and emotion (neutral, sad or happy)
was displayed, and the starting frame of the point-light walker was
randomized to avoid participants’ anticipations. In Experiment 2,
the central cues were the inverted counterparts by mirror flipping
the upright BM vertically. The inversion disrupted the holistic
processing of emotional information while the low-level features
(e.g., total motion) were kept unchanged (Ogren et al., 2019).
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The face images of one female actor taken from the NimStim
face-stimulus set (Tottenham et al., 2009), displaying neutral,
happy, and sad expressions, were used in Experiment 3 and Experi-
ment 4. This selection of adopting only one face was based on the
BM experiments and former similar studies (Dawel et al., 2015;
Friesen et al., 2011; Ji et al., 2020; Wang et al., 2020). The face
images were cropped in an ellipse to remove features outside of the
face. The position of the iris of the eyes was modified by using Pho-
toshop software to generate leftward and rightward gaze cues. The
upright faces were presented as central cues in Experiment 3 and
their inverted counterparts were used in Experiment 4.
The target stimuli used in all four experiments were 10 neutral

pictures selected from International Affective Picture System
(IAPS; Lang et al., 1997). These pictures are medium in valence
(M = 5.1, SD = .45, maximum = 5.8, minimum = 4.5, on a 1–9
scale) with relatively low arousal (M = 4.36, SD = .26, maximum =
4.92, minimum = 4.1). The content of the pictures included people,
animals, foodstuffs and landscapes. Since these target pictures
were equally presented for the three emotional conditions, this
choice should not influence the emotional modulation effect.
Moreover, there were quite a few studies that have used neutral
pictures rather than Gabor stimuli as the probing target, as pictures
were thought to be of more interest to participants (Bayliss et al.,
2010; Pecchinenda & Petrucci, 2016, 2021).

Procedure

In line with previous studies on BM-triggered attentional effect
(Ji et al., 2020; Wang et al., 2020; Yu et al., 2020), a BM-cuing

task without catch trials was adopted in Experiment 1 and Experi-
ment 2. All stimuli were presented on a gray background and
viewed by participants from a distance of 54 cm with their heads
on a chinrest. Each trial began with fixation on a central cross
(1.1° 3 1.1°) for 1,000 ms. Then, an upright (Experiment 1) or
inverted (Experiment 2) BM sequence (8.9° 3 13.2°) with emo-
tions (i.e., neutral, happy, or sad) was presented at the center of
the screen for 500 ms. The BM cue walked either toward the left
or the right side without translational motion. After a 100-ms inter-
stimulus interval (ISI) during which only the fixation was dis-
played, a target picture was presented for 300 ms as a probe on
either the left or the right visual field with a horizontal offset of
10.5° from the fixation (see Figure 1). Participants were required
to press one of two keys on a standard keyboard with their index
fingers to indicate the location of the target (“F” for the left target
or “J” for the right target) as quickly and accurately as possible.
On the congruent trials, the target picture appeared at the location
cued by walking direction of BM, whereas on the incongruent tri-
als, the target picture appeared opposite to the cued location.
According to the recent BM cuing studies (Ji et al., 2020; Wang
et al., 2014; Yu et al., 2020), 40 trials were adopted in each of six
experimental conditions created by crossing emotional cue (neu-
tral, happy, or sad) and cue-target congruency (congruent or incon-
gruent). There were 240 trials in each experiment. Test trials were
presented in a new random order for each participant, and there
was a short rest break after every 30 trials. At the beginning of the
experiment, participants were explicitly told that the BM cues
were nonpredictive of the target location, and they were instructed
to maintain their fixation at the central cross throughout the trial.

Figure 1
Schematic Representation of the Experimental Procedure of the BM Cuing Task
in Experiment 1

Note. A happy/neutral/sad biological motion (BM) sequence either walking left or right was
presented at the center of the screen for 500 ms followed by a target picture shown for 300 ms
as a peripheral probe. Participants were asked to respond to the target location through key
pressing. The procedure of Experiment 2 was identical to that of Experiment 1, except that the
inverted BM stimuli were employed as the central cues. See the online article for the color ver-
sion of this figure.
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The designs and procedures of Experiment 3 and Experiment
4 were similar to those in Experiment 1 and Experiment 2,
except that an upright (Experiment 3) or inverted (Experiment
4) face either gazing leftward or rightward was employed as the
central cue (i.e., gaze-cuing task). Specifically, to give the
impression of implied motion, a neutral face with direct gaze
(6.4° 3 10.2°) was presented for 500 ms. Afterward, the neutral
face with gaze averted toward the left or the right was displayed
for 200 ms, followed by the same face with facial expression
(neutral, happy, or sad) for 300 ms (see Figure 2). This dynamic
gaze cuing paradigm was realistic and commonly used in the
research field of emotional gaze cuing (e.g., Carlson, 2016; Las-
salle & Itier, 2013; Liu et al., 2019; Neath et al., 2013; Pecchi-
nenda & Petrucci, 2016, 2021). Nevertheless, the use of
dynamic sequences would unavoidably lead to a difference in
facial motion between emotional and neutral conditions. Thus,
we conducted a supplemental experiment to control for the dif-
ference in facial motion between emotional and neutral condi-
tions. This supplemental experiment followed exactly the same
procedure of Experiment 3, except that the neutral face with
averted gaze (the last frame of the face sequence) was replaced
by the open mouth face in the neutral condition. This change in
stimuli produced a facial motion for the neutral condition,
thereby matching the difference in facial motion between the
emotional and the neutral conditions (see online supplemental
material for more details).

Transparency and Openness

We report how we determined our sample size, all data exclusions
(if any), all manipulations, and all measures in the study; we also follow
JARS (Kazak, 2018). All data, analysis code, and research materials
generated during the current study are made available at the Knowledge
Repository of Institute of Psychology, Chinese Academy of Sciences
(http://ir.psych.ac.cn/handle/311026/38082; Yuan et al., 2021). This
study’s design and its analysis were not preregistered.

Results

For all four experiments, trials with incorrect responses and RTs
shorter than 150 ms or longer than 1,500 ms followed by RTs beyond
2 SDs above or below the mean (collapsed across experimental condi-
tions) were excluded from the statistical analyses. Overall, the per-
centage of trial exclusion was less than 5%. Furthermore, the location
discrimination performance was close to perfection in both BM and
face experiments (above 99%), reflecting that the participants did not
make a response based on inference. The mean RTs for each experi-
mental condition from all experiments are shown in Table 1.

Experiment 1: Upright BM as the Central Cue

In Experiment 1, we first ran a 3 (emotional cue: neutral, happy
or sad) 3 2 (congruency: congruent vs. incongruent) repeated

Figure 2
Schematic Representation of the Experimental Procedure of the Gaze Cuing Task
in Experiment 3

Note. The procedure was similar in structure to the BM cuing task, with the difference
being that a happy/neutral/sad face with averted eye gaze was displayed as the central cue.
In the same vein, the central face stimuli were inverted in Experiment 4. The face images
adapted in our experiments were from the NimStim database (Tottenham et al., 2009),
NimStim model number 16 (https://danlab.psychology.columbia.edu/content/nimstim-set-
facial-expressions). Adapted with permission. Model 18 instead of model 16 is depicted
here to comply with conditions of use of the NimStim database. ISI = interstimulus interval.
See the online article for the color version of this figure.
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measures analysis of variance (ANOVA) on RTs. The main effect
of congruency was significant, F(1, 35) = 27.38, p , .001, g2

p =

.44 (Figure 3A), while no main effect of emotional cue was found,
F(2, 70) = .52, p = .596, g2

p = .02. Importantly, there was a signifi-

cant interaction between emotional cue and congruency, F(2,
70) = 5.60, p = .006, g2

p = .14. In line with previous research (Ji

et al., 2020; Shi et al., 2010; Wang et al., 2014, 2020; Yu et al.,
2020; Zhao et al., 2014), nonpredictive neutral BM cues could
trigger a significant reflexive attentional orienting effect, as
revealed by a shorter RT in the congruent condition than that in
the incongruent condition (297 ms vs. 303 ms, t(35) = �2.87, p =
.007, Cohen’s d = .48, 95% confidence interval (CI) for the mean
difference [�10, �2]; Figure 3A). Moreover, this attentional effect
could also be observed with emotional BM cues (happy: 294 ms
vs. 308 ms, t(27) = �5.07, p , .001, Cohen’s d = .85, 95% CI for
the mean difference [�20, �9]; sad: 298 ms vs. 305 ms, t(35) =
�3.23, p = .003, Cohen’s d = .54, 95% CI for the mean difference

[�11, �3]; Figure 3A). To further probe the modulation effect of
emotional information on the magnitude of BM-mediated orient-
ing, a standardized cuing effect (CE) index was produced by
dividing the difference in the mean RT obtained under the incon-
gruent condition versus that in the congruent condition by their
sum ððRTincon � RTconÞ=ðRTincon þ RTconÞÞ. A subsequent one-
way repeated measures ANOVA was conducted for this standar-
dized cuing effect. Results revealed a significant main effect of
emotional cue, F(2, 70) = 6.02, p = .004, g2

p = .15. Post hoc t-
tests (Bonferroni-corrected) showed that happy point-light
walkers induced a significantly stronger attentional effect than
sad walkers, t(35) = 2.83, p = .018, Cohen’s d = .47, 95% CI for
the mean difference [.002, .022] (Figure 4A) and neutral
walkers, t(35) = 3.16, p = .007, Cohen’s d = .53, 95% CI for the
mean difference [.003, .023] (Figure 4A), whereas there was no
significant difference between the attentional effects triggered by
sad and neutral walkers, t(35) = .33, p = 1.000, Cohen’s d = .06,
95% CI for the mean difference [�.009, .011] (Figure 4A).

Table 1
Mean RTs (ms) in Each Condition With Standard Errors in Parentheses

Cue type

Happy Neutral Sad

Congruent Incongruent Congruent Incongruent Congruent Incongruent

Upright BM 294 (6) 308 (7) 297 (6) 303 (6) 298 (7) 305 (7)
Inverted BM 292 (5) 293 (5) 292 (5) 293 (5) 292 (4) 296 (5)
Upright face 299 (8) 316 (5) 308 (8) 317 (8) 304 (8) 314 (7)
Inverted face 305 (6) 316 (7) 308 (6) 318 (6) 309 (6) 317 (4)

Note. BM = biological motion.

Figure 3
Mean Reaction Time in Congruent and Incongruent Trials Plotted Against Emotional
Conditions for Four Types of Central Cues

Note. Each line represents one subject. Error bars showed standard errors of the mean.
BM = biological motion. See the online article for the color version of this figure.
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These findings suggest that the happy but not the sad emotional
gait could exert influences on the social attention induced by
walking direction of BM cues.

Experiment 2: Inverted BM as the Central Cue

To rule out the possibility that some low-level visual features
rather than the emotional information per se might account for the
obtained emotional modulation effect, we used the inverted BM
cues that shared identical low-level features with the upright ones
in Experiment 2. An identical 3 3 2 repeated measures ANOVA
revealed neither a main effect (emotional cue: F(2, 70) = 1.18, p =
.313, g2

p = .03; congruency: F(1, 35) = 3.04, p = .090, g2
p = .08,

Figure 3B) nor an interaction, F(2, 70) = 1.12, p = .333, g2
p = .03.

Moreover, the follow-up one-way repeated measures ANOVA on
the standardized cuing effect revealed no significant main effect of
emotional cue, F(2, 70) = 1.24, p = .296, g2

p = .03 (Figure 4B).

Critically, a mixed 2 (cue orientation: upright, inverted)3 3 (emo-
tional cue: happy, sad, neutral) ANOVA on standardized CEs

crossing Experiment 1 and Experiment 2 showed a significant
interaction between cue orientation and emotional cue, F(2, 140) =
4.61, p = .012, g2

p = .06. These results indicated that the observed

emotional modulation on BM-mediated orienting did not arise
from the processing of low-level visual features.

Experiment 3: Upright Face as the Central Cue

In Experiment 3, we adopted emotional faces with averted eye
gaze as the central cues to investigate whether the observed emo-
tional modulation effect could be extended to another type of social
cues. Results revealed significant main effects of congruency, F(1,
35) = 39.08, p , .001, g2

p = .53 (Figure 3C) and emotional cue,

F(1.66, 58.06) = 6.76, p = .004, g2
p = .16; Greenhouse-Geisser cor-

rected. Similar to Experiment 1, the two-way interaction also
reached significance, F(2, 70) = 6.49, p = .003, g2

p = .16. Further

analyses showed that both neutral (308 ms vs. 317 ms, t(35) =
�4.21, p , .001, Cohen’s d = .70, 95% CI for the mean difference
[�14, �5], Figure 3C) and emotional (happy: 299 ms vs. 316 ms,

Figure 4
Mean Magnitude of the Standardized Cuing Effects Plotted Against Emotional
Conditions for Four Types of Central Cues

Note. (A) In Experiment 1, happy upright biological motion (BM). cues triggered a signifi-
cantly stronger cuing effect than neutral and sad cues. (B) In Experiment 2, inverted BM
cues failed to produce such emotional modulation effects. (C) In Experiment 3, a similar
emotional modulation effect was observed with upright face cues: the cuing effect induced
by happy faces was stronger than that by neutral or sad faces. (D) In Experiment 4, inverted
face cues could give rise to cuing effects but there were no significant differences among the
emotional conditions. Each point represents one individual data. Error bars showed standard
errors of the mean. * p , .05. See the online article for the color version of this figure.
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t(35) = �6.39, p , .001, Cohen’s d = 1.07, 95% CI for the mean
difference [�22, �11]; sad: 304 ms vs. 314 ms, t(35) = �5.05, p ,
.001, Cohen’s d = .84, 95% CI for the mean difference [�15, �6],
Figure 3C) gaze cues could trigger reflexive attentional orienting
effect, consistent with previous findings (Dawel et al., 2015; Driver
et al., 1999; Friesen & Kingstone, 1998; Lassalle & Itier, 2015b).
Again, we found a significant main effect of emotional cue by con-
ducting the one-way repeated measures ANOVA for the standar-
dized cuing effect, F(2, 70) = 7.11, p = .002, g2

p = .17. Further

analyses (Bonferroni-corrected) revealed a larger cuing effect in the
happy face condition than that in the sad, t(35) = 2.93, p = .014,
Cohen’s d = .49, 95% CI for the mean difference [.002, .019] (Fig-
ure 4C) or the neutral face condition, t(35) = 3.52, p = .002,
Cohen’s d = .59, 95% CI for the mean difference [.004, .021] (Fig-
ure 4C), and comparable cuing effects between the sad and the neu-
tral face conditions, t(35) = .60, p = 1.000, Cohen’s d = .10, 95%
CI for the mean difference [�.006, .011] (Figure 4C). These results
showed an emotional modulation effect on gaze-mediated orienting
tuned to happy but not sad facial expression. Importantly, such
modulation could not be simply explained by the dynamic differ-
ence between the emotional face and the neutral face conditions, as
the pattern of the emotional modulation effect persisted even when
the amount of changes in face features shown by the neutral and the
emotional face cues were well matched (see online supplemental
material for more details). Moreover, a mixed 2 (cue type: BM,
face) 3 3 (emotional cue: happy, sad, neutral) ANOVA on standar-
dized CEs was conducted to examine whether or not this emotional
modulation effect of gaze-mediated orienting varied from that of
BM-mediated orienting obtained in Experiment 1. Results revealed
a significant main effect of emotional cue, F(2, 140) = 12.92, p ,

.001, g2
p = .16, but neither the main effect of cue type, F(1, 70) =

2.07, p = .155, g2
p = .03, nor its interaction with emotional cue,

F(2, 140) = .03, p = .968, g2
p = .00, reached significance. These

results demonstrated an equivalent emotional modulation effect on
the attentional orienting effect triggered by BM and gaze cues.

Experiment 4: Inverted Face as the Central Cue

We further employed inverted face cues in an additional control
experiment to ensure that the observed effect in Experiment 3
reflected the modulation of emotional information rather than that
of low-level visual properties. A main effect of congruency was
observed, F(1, 35) = 44.23, p , .001, g2

p = .56 (Figure 3D), but

neither the main effect of emotional cue, F(2, 70) = 1.79, p = .174,
g2
p = .05, nor the interaction, F(2, 70) = .45, p = .638, g2

p = .01,

was significant. Moreover, no significant main effect of emotional
cue was found for the standardized cuing effect, F(2, 70) = .46,
p = .632, g2

p = .01 (Figure 4D). These findings indicated that simi-

lar cuing effects were triggered by inverted face cues regardless of
facial expressions. Combining the results obtained from Experi-
ment 3 and Experiment 4, we found a significant interaction
between cue orientation (upright, inverted) and emotional cue
(happy, sad, neutral; F(2, 140) = 3.13, p = .047, g2

p = .04), provid-

ing evidence against the explanation of low-level visual features
for the emotional modulation on social attention.
To recapitulate briefly, the converging findings of Experiments

1– 4 together demonstrated that happy but not sad emotion

strengthened the reflexive attentional orienting effect triggered by
both BM and gaze cues.

Discussion

Pointing direction (e.g., walking direction and gaze direction)
and emotion, being the two fundamentally important attributes of
social signals, can both communicate the internal states and inten-
tions of other individuals. Here, we demonstrated that these two
essential social information sources could interact with each other
to alter socially coordinated attentional processes. By introducing
emotional BM and face stimuli (i.e., happy, neutral, and sad) to
the modified central cuing paradigm, our present study investi-
gated whether the processing of emotional information could exert
an impact on social attention. The results found that the emotions
conveyed by BM cues could enhance this attentional orienting,
and such modulation was pronounced for happy but not sad cues.
Critically, this emotional modulation disappeared when the BM
cues were presented upside down. Furthermore, a similar emo-
tional modulation effect was obtained with gaze-mediated orient-
ing when the face cue conveyed a happy but not sad expression
after the gaze shift. Though there were still orienting effects
induced by inverted face cues, emotional information failed to
exert distinct influences on this process. Overall, these findings to-
gether highlighted that happy but not sad emotion embedded in
these two types of social signals could interact with pointing direc-
tions to modulate social attention. This common “happiness
advantage” on social attention behaviors further suggests the exis-
tence of a general emotional modulation on social attention trig-
gered by different types of social signals.

To our knowledge, the current study provides the first evidence
that attentional shifting induced by walking direction of BM can
be modulated by emotional gaits. The extant mainstream literature
has been particularly concerned about the reflexive attentional ori-
enting effect by emotionally neutral BM cues, either with or with-
out a global configuration (Ding, Gao, et al., 2017; Ji et al., 2020;
Shi et al., 2010; Wang et al., 2014, 2020; Yu et al., 2020; Zhao
et al., 2014). Our findings extend this line of inquiry and demon-
strate similar attentional effects induced by emotional BM cues.
More importantly, this BM-triggered attentional effect is modu-
lated by the embedded emotional information. It should be noted
that the appearance of bounciness is the critical aspect of BM that
differentiates happy from sad and neutral walkers (Troje, 2008),
and thus, leads to the emotional modulation effect observed in the
current study. Additionally, the observed emotional modulation of
BM-triggered attentional effect strongly implies that the process-
ing of walking direction interacts with the concurrent emotion per-
ception. It is noteworthy that the emotion system has been
assumed to play a crucial role in various BM perceptual processes
(e.g., BM detection or gender discrimination; Bachmann et al.,
2020; Halovic & Kroos, 2018b; Halovic et al., 2020; Johnson
et al., 2011; Krüger et al., 2013; H. Lee & Kim, 2018; Lorey et al.,
2012). Here, our findings echoed with these studies and shed
new light on the interaction between emotion perception and
BM-triggered attentional orienting.

Furthermore, our study contributes to the debate on whether
emotions affect social attention (Bayless et al., 2011; Graham
et al., 2010; Lassalle & Itier, 2015b; McCrackin & Itier, 2018a;
Pecchinenda et al., 2008). In the current study, we found the
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modulation effect of facial expressions on gaze cuing, replicating
previous positive findings (Lassalle & Itier, 2013, 2015b). More-
over, our results offered fresh insights into this emotional modula-
tion by demonstrating a stronger attentional effect triggered by
happy rather than sad and neutral gaze cues. It has been suggested
that the low-level physical differences in emotional faces (e.g.,
sclera/pupil contrast) might confound with the observed emotional
modulation effect (Bayless et al., 2011; Pecchinenda & Petrucci,
2021; Tipples, 2005). Here we employed inverted face cues that
shared identical low-level features with the upright ones in the
control experiment and demonstrated that the effects of gaze direc-
tion and facial expressions on attentional allocation are independ-
ent: Similar attentional orienting effects were found in the inverted
condition, but the magnitudes were not different among facial
expression types. This absence of interaction in the inverted face
condition suggested that low-level physical differences did not
drive the emotional modulation effect obtained with upright face
cues, but rather the emotional significance communicated by facial
expressions did. On the other hand, minimalistic point-light BM
stimuli, exhibiting emotional information through the kinematics
of a few moving dots at the major joints, were used in our study.
Although BM cues are very different from face cues in terms of
visual features, an analogous emotional modulation effect on
attentional orienting was still observed with these point-light BM
cues. As such, it verifies the existence of the interaction between
emotion perception and social attention in another type of social
signal that is totally different in terms of low-level visual features.
Collectively, the current study alleviated the concern regarding the
confounding factor of physical features, and enlightened future
studies to bridge the gap between the two lines of investigation
related to BM and face perception, especially in the emotion do-
main. It should be pointed out that the BM and face cues varied
inherently in their motion state, as faces with averted gaze
involved implied motion while the BM stimuli were real motion.
Several studies have reported that real motion would evoke stron-
ger pupillary responses (Castellotti et al., 2021) and be overesti-
mated in duration (Sgouramani et al., 2019) compared with
implied motion. However, face cues involving implied motion
could trigger larger attentional orienting effect than that induced
by BM stimuli with real motion (Wang et al., 2020). Moreover,
some other gaze cuing studies demonstrated that static and
dynamic gaze cues elicited comparable cuing effects (Hietanen &
Leppänen, 2003; Zhang et al., 2019). Taken together, these find-
ings indicate that the cue’s motion state is not very important for
the magnitude of social attention. Nevertheless, there is still a lack
of investigations using gaze cues with real motion in the field of
social attention. Future research adopting the dynamic point-light
displays of face cues (Atkinson et al., 2012) could be beneficial
for the exploration of emotional modulation on social attention.
Noticeably, the current study also provides the first evidence for

the existence of a general emotional modulation shared by differ-
ent types of social attention behaviors. It has been well demon-
strated that BM and eye gaze could both induce a significant social
attention effect (Driver et al., 1999; Shi et al., 2010). Moreover,
our latest study has found a robust cross-category adaptation effect
between gaze- and BM-mediated attentional orienting, reflecting
that common neural substrates might be involved in triggering
these two different types of social attention behaviors. In addition,
our recent behavioral genetic study has revealed that these two

types of social attention abilities share common genetic bases
(Wang et al., 2020). On the other hand, former studies have con-
sistently reported a close connection between the emotion process-
ing of BM and that of faces. For example, they both show a
happiness advantage in detection and recognition (Becker et al.,
2011; Calvo & Beltrán, 2013; Chouchourelou et al., 2006; Ikeda
& Watanabe, 2009; H. Lee & Kim, 2017; Leppänen & Hietanen,
2004; Shimamura et al., 2006; Spencer et al., 2016). Besides, the
ability to recognize emotions from point-light BM and face images
was strongly correlated (Actis-Grosso et al., 2015; Alaerts et al.,
2011; Henry et al., 2012; Isernia et al., 2020; Miller & Saygin,
2013). Neuroimaging studies have also found that overlapping
brain regions (e.g., STS) were implicated in the perception of emo-
tions from these two types of social signals (Basil et al., 2017;
Pitcher et al., 2014; Zhu et al., 2013). These findings together indi-
cate that BM and face cues could induce an analogous social atten-
tion effect, and they would share common emotion processing
mechanisms. In the current study, we found that the emotional in-
formation affected the gaze- and BM-mediated attentional orient-
ing effect in a similar manner. On the basis of previous studies and
our own observations, we believe that the observed general emo-
tional modulation on social attention might not rely purely on the
respective low-level features of different social signals but essen-
tially stem from the common emotion perception. Further, we
speculate that there might be a potentially shared mechanism
underlying the emotional modulation on social attention triggered
by these two types of social signals. These assumptions would
need to be verified by future investigations directly probing the
neural mechanisms underpinning the emotional modulation on
social attention triggered by eye gaze and BM.

It is worth noting that the emotional modulation effects of BM-
and gaze-mediated orienting observed in the current study are spe-
cific to happy but not sad emotion. This “happiness advantage”
effect lends support to the notion of a general positivity bias,
which was thought to benefit from the observer’s positively biased
expectation and mood (Cummins & Nistico, 2002; Hoorens,
2014). It has been demonstrated that positive stimuli tend to take
up less cognitive resources and are more noticeable than negative
stimuli (du Rocher & Pickering, 2019; L. O. Lee & Knight, 2009).
The present study extends these findings by demonstrating that the
happiness advantage is also true for social attention. This happi-
ness advantage could be linked with the basic processing superior-
ity that the happy cues hold over the sad ones. Previous studies
have found that happy faces were more efficiently recognized than
sad faces (Calvo & Beltrán, 2013; Leppänen & Hietanen, 2004).
Consistently, a similar happiness superiority effect has also been
observed with BM stimuli (Chouchourelou et al., 2006; Ikeda &
Watanabe, 2009; H. Lee & Kim, 2017). Such superiority acceler-
ates the recognition of happy emotion and may, therefore, facili-
tate the inference of other individuals’ internal states, leading to an
enhanced attentional orienting effect for happy but not sad social
cues (McCrackin & Itier, 2018a; Pecchinenda & Petrucci, 2021).
Moreover, from a functional perspective, happiness may signify
the presence of something pleasant (e.g., reward), and it is there-
fore adaptive to prompt faster attentional orienting toward the
event/object cued by social signals conveying happy emotion to
speed up the identification of a potential reward.

With regard to the underlying neural mechanisms, brain regions
that have been previously implicated in social attention and
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emotional processing likely subserve the emotional modulation
effect observed in the current study. Neuroimaging and neuro-
psychiatric studies have demonstrated that the superior temporal
sulcus (STS) region, known to be largely involved in social atten-
tion (Akiyama et al., 2008; Kingstone et al., 2004), is also indis-
pensable to the emotion perception of social stimuli (e.g., BM,
face; Basil et al., 2017; Engell & Haxby, 2007; Sliwinska &
Pitcher, 2018) and has functional interconnections with the areas
dedicated to emotional processing (e.g., amygdala; Calder &
Young, 2005; Haxby et al., 2000; Pitcher et al., 2017). Therefore,
the emotional modulation on social attention might be a reflection
of these interactive collaborations. It is not surprising that the
modulation effect is tuned to happy emotion, because it has been
found that happy emotion prompts stronger responses in the poten-
tial underlying neural systems (e.g., amygdala) compared with sad
emotion (Adolphs & Tranel, 2004; Juruena et al., 2010; Killgore
& Yurgelun-Todd, 2004). Future research could adopt brain imag-
ing techniques so as to identify the common neural basis underly-
ing the modulation effect of the emotional information on the
reflexive orienting elicited by different types of social cues.
Finally, several limitations of the current study should be

acknowledged. First, we have used only one female face image for
the face experiments. Though there were quite a few studies investi-
gating the emotional modulation of gaze-cuing effect that have only
employed one face stimulus (Bayliss et al., 2010; Dawel et al.,
2015; Friesen et al., 2011; Graham et al., 2010; Kuhn & Tipples,
2011), it is important for future studies to adopt multiple faces to
generalize our findings. Next, we employed the inverted BM stimuli
as the control stimuli, which were widely used in the research field
of BM perception (Atkinson et al., 2007; Ding, Yin, et al., 2017;
Grossman et al., 2005; Klin et al., 2009; Ogren et al., 2019; Shi
et al., 2010; Wang et al., 2014; Zhao et al., 2014). Nevertheless, it
should be pointed out that the nonbiological motion sequences,
which were derived from the fragments identical to the BM stimuli
but with critical biological characteristics removed, could serve as
another type of control stimuli to examine if the observed emotional
modulation effect was indeed triggered by the biological character-
istics of BM signals (Shi et al., 2010; Wang & Jiang, 2012; Wang
et al., 2014; Yu et al., 2020). Further, future research investigating
the emotional modulation effects on social attention in the autistic
population may help to provide new insights into the mechanism
underlying the modulation and highlight its connection with social
deficits, which has noticeable theoretical and clinical significance.
In conclusion, the current study investigated the modulation of

emotional information on social attention and found stronger
attentional effects for happy social cues compared with sad and
neutral social cues, confirming an advantage of happy over sad.
Moreover, the similar effects induced by the two types of social
cues (BM and gaze) further suggest a general and shared “social
attention detector” in the human visual system. These findings also
highlight the critical role of emotion perception in modulating the
processing of meaningful social signals.
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