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Social Attention Triggered by Eye Gaze and Walking Direction Is Resistant
to Temporal Decay
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The attentional orienting induced by social cues, such as eye gaze and walking direction of biological motion,
plays a vital role in human survival and interpersonal interactions. It has long been debated whether this indis-
pensable ability is unique and intrinsically distinct from nonsocial attention. In the current study, we character-
ized the temporal profiles of the attentional orienting triggered by social cues (i.e., eye gaze and walking
direction) and compared them with those induced by nonsocial cues (i.e., arrows) and exogenous cues using a
covert orienting task. We calculated the attentional cuing effects in the early and the late periods of the task
and further carried out a time course analysis to characterize their dynamic changes over trials. Whereas the
cuing effect induced by nonsocial cues exhibited a significant trend of temporal decay, the cuing effects
induced by the two different social cues were similar and remained stable throughout the task, resembling that
induced by reflexive exogenous cues. These results clearly demonstrate that the socially coordinated atten-
tional orienting is a highly reflexive and temporally stable response, which is less susceptible to top-down cog-
nitive control and substantially distinguished from the attentional orienting induced by nonsocial cues. These
findings extend our understandings of the distinction between social and nonsocial attention and further sub-
stantiate the specificity of social attentional orienting from a temporal-stability perspective.

Public Significance Statement

Social attention is vital for human survival and interpersonal interactions, which may differ from nonsocial
attention in many aspects. Here, we show from a novel, temporal-stability perspective that the social atten-
tional orienting induced by eye gaze or biological motion remains temporally stable as the task proceeds,
resembling reflexive attentional orienting induced by exogenous cues. By contrast, nonsocial attentional ori-
enting induced by arrows exhibits a significant trend of decay. The findings extend our understandings of
the distinction between social and nonsocial attention from a temporal view, and suggest a stricter criterion
that takes temporal stability into consideration, when testing the reflexive nature of attentional orienting.
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Humans, being social creatures, are ready to focus attention on
the interests of their conspecifics via social cues (e.g., eye gaze) and
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responses to targets located in the same side directed by the eye
gaze than those in the opposite location. This gaze cuing effect arises
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Bruce, 1999) and occurs even when gaze direction is counterpredic-
tive of the target location (Downing et al., 2004; Driver et al., 1999;
Friesen et al., 2004; Tipples, 2008), thus disclosing its reflexive
nature.

Apparently, although social cues are always located in the center
like traditional endogenous cues (Posner, 1980), social attention
cannot be categorized as a type of endogenous attention, because of
the cues’ unpredictability. It seems that social attention parallels the
well-known exogenous attention that is reflexively induced by spa-
tially uninformative cues (Posner, 1980). However, unlike exoge-
nous attention, social attention is not triggered by peripheral cues.
More importantly, it persists over a fairly long interval and exhibits
delayed inhibition of return (Frischen et al., 2007; Frischen & Tip-
per, 2004). Given these special properties, social attention chal-
lenges the traditional dichotomous categorization of covert
attention and opens up new avenues for visual attention research.

In addition to social attention, the attention guided by some sym-
bolic, nonsocial cues (e.g., arrows) cannot be classified according to
the traditional dichotomy of attention either, since these nonpredic-
tive nonsocial cues can also trigger attentional orienting (Hommel
et al., 2001; Ristic et al., 2002; Ristic & Kingstone, 2006; Tipples,
2002). It is thus theoretically important to elucidate whether social
attention is intrinsically different from nonsocial attention. There has
been some evidence that supports the specificity of social attention.
First, relative to nonsocial attentional orienting, social attentional
orienting seems to be more reflexive and less susceptible to top-
down cognitive control (Friesen et al., 2004; Ristic et al., 2007). Sec-
ond, some neuroimaging studies have demonstrated differentiated
neural activations in response to social and nonsocial attention. For
instance, orienting to eye gaze activates the ventral frontoparietal
attention network, whereas orienting to arrows activates the dorsal
frontoparietal attention network (Hietanen et al., 2006, 2008; Joseph
et al., 2015). However, other findings indicated that nonsocial atten-
tional orienting was not only indistinguishable from the reflexive
gaze orienting (Nummenmaa & Hietanen, 2009; Tipples, 2008), but
also exhibited similar patterns in terms of brain activations (Sato
et al., 2009; Tipples et al., 2013; Uono et al., 2014). Taken together,
the specificity of social attention is still an open-to-debate question
in the literature.

Here we aimed to investigate this issue from a novel perspective.
It has been shown that humans can learn the cue’s predictiveness
for the location of target even without being explicitly instructed,
and imbue the predictive cue with higher attention priority (Dodd &
Wilson, 2009; Lin et al., 2016) or inhibit attention to the nonpredic-
tive repeated cues (a phenomenon termed habituation; see Duke-
wich, 2009; Dukewich & Boehnke, 2008). These results suggest
that as time goes on, observers may become gradually aware that
some cues are not predictive of the probable target location, and can
gradually refrain from attending to those cues through top-down
cognitive control. However, this implicit strategy might be more
effective for nonreflexive than for reflexive attentional orienting, as
reflexive behaviors by definition are less susceptible to cognitive
control (Giordano et al., 2009). In short, reflexive and nonreflexive
attentional orienting might exhibit disparate profiles from a perspec-
tive of temporal stability. Of note, the temporal profile here refers to
the dynamic cuing effect as the task proceeds rather than as a func-
tion of the stimulus onset asynchrony (SOA). As mentioned above,
it remains controversial whether social and nonsocial attention are
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similarly reflexive in nature, or comparably amenable to top-down
control (Friesen et al., 2004; Nummenmaa & Hietanen, 2009; Ristic
et al., 2007; Tipples, 2008). If social attention is indeed more reflex-
ive than nonsocial attention, we would expect to delineate their dif-
ference from the perspective of temporal stability.

To this end, we carried out a covert orienting task with more trials
(for one SOA) compared with previous studies (Driver et al., 1999;
Friesen & Kingstone, 1998; Shi et al., 2010) in order to characterize
the temporal profiles of social and nonsocial attentional orienting
effects over trials. We would most likely find similar attentional ori-
enting triggered by eye gaze and arrow cues at the early period of the
task, as in previous studies (Nummenmaa & Hietanen, 2009; Tip-
ples, 2008). By contrast, for the late period of the task, we would
expect to observe a substantial differentiation of the two effects (in
terms of temporal decay).

To further delineate the specificity of social attention, we adopted
another type of social cue, biological motion (BM), which is por-
trayed by a handful of moving point-light dots attached to the main
joints of a person (Johansson, 1973). BM conveys critical social in-
formation about the person’s intention, and it has been demonstrated
that walking direction of BM, like eye gaze, can trigger reflexive
attentional orienting effect (Shi et al., 2010; Yu et al., 2020). More-
over, such effects exist not only in adults (Hirai et al., 2011; Shi
et al., 2010), but also in 4-year-old children (Zhao et al., 2014) and
even 6-month-old infants (Bardi et al., 2015; Lunghi et al., 2019).

Finally, we conducted an additional experiment using the reflexive
exogenous cuing paradigm (Posner, 1980) to illustrate the temporal
profile for a typical reflexive attentional orienting in the same experi-
mental settings. This would allow us to directly depict whether the
cuing effects induced by social and nonsocial cues exhibit similar tem-
poral profiles to that induced by reflexive exogenous cues (Bardi et al.,
2015; Friesen et al., 2004; Friesen & Kingstone, 1998; Hirai et al.,
2011; Langton & Bruce, 1999; Shi et al., 2010; Zhao et al., 2014).

General Method

Participants

A total of 80 participants (51 female, aged from 18 to 31) took
part in the study, with 20 participants (13 females in Experiments 1,
2 and 4, and 12 females in Experiment 3) in each of the four experi-
ments. The sample size was determined based on previous relevant
studies (Hietanen et al., 2006; Ji et al., 2020; Shi et al., 2010), and a
two-tailed power analysis using G*Power (Version 3.1.9.4; Faul
et al., 2007) confirmed that a sample size of 15 participants would
afford 80% power to detect an attentional effect induced by social or
nonsocial cues (Cohen’s d = .8, which is an average effect size
found in previous studies; see Hietanen et al., 2006; Ji et al., 2020;
Shi et al., 2010). Considering the primary aim of the study was to
evaluate the dynamic change of the cuing effect, the sample size
was increased to 20. All participants had normal or corrected-to-nor-
mal vision and gave written, informed consent in accordance with
procedures and protocols approved by the institutional review board
of the Institute of Psychology, Chinese Academy of Sciences. Of the
86 participants we originally recruited, 6 were excluded from further
analysis due to the following reasons (see Results section for more
details). Briefly, one was excluded from Experiment 3 as his mean
response time fell beyond two standard deviations of the group
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mean, and 5 were excluded in the analysis of their temporal profiles
over trials: Two (one in Experiment 1 and one in Experiment 4) had
very poor goodness of fit (the R square was below two standard
deviations of the mean), and the other 3 (2 in Experiment 1 and 1 in
Experiment 4) had abnormal slope parameter of the fitted curve,
which was beyond two standard deviations of the means.

Stimuli and Procedure

Stimuli were generated and displayed using MATLAB (Math-
works, Inc.) together with the Psychophysics Toolbox extensions
(Brainard, 1997; Pelli, 1997). All stimuli were presented in white

Figure 1
Schematic Diagram of the Experimental Paradigm

1239

on a gray background, and the viewing distance was about 57 cm.
A covert orienting (cue-probe) task with different cues was con-
ducted in separate experiments (Figure 1). In Experiment 1, a face
(3.4° X 4.3°) image with gaze averted to the left or the right was
taken from the Ekman and Friesen’s Pictures of Facial Affect
(Ekman & Friesen, 1976), and it was cropped to remove features
outside of the face (e.g., hair and ears). The gaze direction was
manipulated by Photoshop software. In Experiment 2, a left or
right arrow (1.7° X .5°) at the fixation was used as a central cue.
In Experiment 3, a BM cue was used. The BM cue was a point-
light walker adopted from Vanrie and Verfaillie (2004), walking
either leftward or rightward. Each point-light walker, subtending

I
a 1
1 Response:
Lor R?
Fixation Pre -cue Probe )
(500 ms) (100 ms) (400 ms) (100 ms) (100 ms) Time
Response:
Lor R?
~ Fixation Probe
(500 ms) (500 ms) (100 ms) (100 ms) Time
C
N Response:
Lor R?
 Fixation - cee sl Probe
(500 ms) (500 ms) (100 ms) (100 ms) Time
. o } . Response:
| Lor R?
|
Fixation Cue ISI ‘ Probe
(900 ms) (100 ms) (100 ms) (100 ms) Time

Note.

(a) The trial procedure of Experiment 1. A fixation was showed 500 ms firstly in each trial, followed by a face with

straight-ahead gaze (100 ms) and then with averted gaze (400 ms). After a 100-ms interstimulus interval (ISI), a small Gabor
patch was presented briefly (100 ms) as a probe on the left or the right side of the fixation. Participants were required to press
one of two buttons to indicate on which side the probe appeared, as quickly as possible. The experimental procedures of
Experiment 2 (b), Experiment 3 (c), and Experiment 4 (d) were similar to Experiment 1 (a) except that different cues were used
and no precue was presented. And in Experiment 4, the fixation was lengthened to 900 ms as the exogenous cue was flashed in a

short time (100 ms).
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approximately 3.7° X 5.3° in visual angle, was presented around
the fixation and refreshed at a rate of 30 Hz. One gait cycle of the
point-light walker lasted 1 s, and the initial frame of the point-light
walker was randomized in each trial to avoid participants’ predic-
tion. In Experiment 4, a white rectangular frame (1.1° X 1.1°),
which flashed on either the left or the right side of the fixation ran-
domly (exactly around the probe), was used as a peripheral, exoge-
nous cue.

In Experiment 1, each trial began with fixation on a central
cross (.5° X .5°) within a frame (16.1° X 16.1°) that extended
beyond the outer border of the stimuli. After 500 ms, a face with a
straight-ahead gaze appeared in the center of the screen for 100
ms, followed by a 400-ms gaze cue (the same face but with left-
ward or rightward gaze). After the cue disappeared, there was a
100-ms interstimulus interval (ISI), followed by a small Gabor
patch (1.1° X 1.1°) that was presented briefly (100 ms) as a probe
on the left or the right side, with an eccentricity of 4.2°. Through-
out the experiment, participants were asked to stare at the fixation
and to press one of two keys on a standard keyboard to indicate
whether the probe appeared on the left or the right side, as quickly
as possible while minimizing errors. The procedures of Experi-
ments 2, 3, and 4 were similar to that of Experiment 1, except that
a 500-ms arrow cue and point-light walker was employed as a cen-
tral cue in Experiments 2 and 3, respectively. A white rectangular
frame flashed in 100 ms was employed as a classical exogenous
cue in Experiment 4. In order to match the trial duration (1200 ms)
with other cues, the fixation period before the exogenous cue onset
in Experiment 4 was prolonged to 900 ms (see Figure 1 for a sche-
matic experimental procedure). There was a total of 300 trials for
each experiment, with 150 trials for the valid Cue-Probe condition
(the probe was presented on the same side of the cue indication)
and invalid Cue-Probe condition (the probe was presented on the
opposite side of the cue indication), respectively. Participants were
not informed that the cues were nonpredictive of the targets (50%
valid and 50% invalid trials). Short breaks were provided after ev-
ery 50 trials.

Data Analysis

To examine how attentional orienting effects caused by differ-
ent cues dynamically changed over trials, we extracted the RT
(response time) in each trial for each participant. Only trials with
correct responses were considered, and those trials with RTs
shorter than 100ms, longer than 1s, or beyond two standard devia-
tions of the mean were removed beforehand. The percentage of tri-
als excluded from the analyses was 4.7% in Experiment 1, 4.0% in
Experiment 2, 4.0% in Experiment 3, and 5.6% in Experiment 4.
Next, we divided all trials into two parts in each experiment, the
first and second half of trials, which respectively corresponded to
the early- and the late-period condition. A 2 X 2 repeated-meas-
ures analysis of variance (ANOVA) with two within-subjects fac-
tors of Cue-Probe Validity (valid vs. invalid) and task Period
(early vs. late) was carried out in each experiment (as drawn in
Figure 2). A significant main effect of Cue-Probe Validity and an
interaction effect, if both existed, would indicate that the cuing
effect (invalid RTs minus valid RTs) significantly changes
between the early and the late periods of the task. If only a signifi-
cant main effect of Cue-Probe Validity was found, it then signified
a temporally stable cuing effect.

LIU, YUAN, LIU, WANG, AND JIANG

Furthermore, to portray the dynamic changes of the cuing effect
caused by different cues more precisely, we analyzed the temporal
trend of the cuing effect over trials for each participant. This analy-
sis was conducted using a sliding window method, which calculates
the running average of the cuing effect across consecutive trials.
First, we set 100 trials as a time bin, and applied the sliding window
method across trials with a step size of one trial, consequently gen-
erating 201 time bins. For example, bin 1 included trials from the
1st to the 100th, bin 2 included trials from the 2nd to the 101st, and
so forth. Second, we calculated the cuing effect using valid and in-
valid RTs of the 100 trials in each time bin, as drawn in Figure
3a—d (black curves). Third, we fitted the obtained temporal profile
of the cuing effect via the function below (red[dark gray] curves in
Figure 3a—d):

2
Cuing effectzzi:]A,- X sin(2 X pi X fi(n+ ph;))
+ slope X n + intercept,

in which n refers to the number of the time bin. For example,
trials from 1 to 100 constitute the first bin so that n = 1. The slope
parameter is of our most interest, as it specifically estimates the
linear changes of the cuing effect as the task proceeds. In particu-
lar, a significantly negative slope value means that the cuing effect
gradually vanishes over trials (i.e., temporal decay). Moreover,
two sinusoidal fluctuations each with three parameters A, f, and ph
are used to capture the slow and fast fluctuations of the cuing
effect over trials, respectively (as illustrated by the rise and fall of
the red (dark gray) curves in Figure 3a—d).

Results

Attentional Orienting in the Early and the Late Periods
of the Task

In Experiment 1, where gaze cues were presented, the repeated-
measures ANOVA revealed a significant main effect of Cue-Probe
Validity (F(1, 19) = 6.02, p = .02, nﬁ = .24; Figure 2a). RTs were
significantly shorter in the valid condition (360.11 = 34.95 ms) than
in the invalid condition (367.69 = 31.35 ms), which indicates that
attention is reflexively attracted to the gaze direction, consistent with
previous findings (Driver et al., 1999; Friesen & Kingstone, 1998).
Moreover, the main effect of task Period was significant (F(1, 19) =
7.73,p=.01, n; =.29). Notably, there was no significant interaction
between these two factors (F(1, 19) = .32, p = .58, n; =.02). These
results suggest that the gaze cuing effect remains stable throughout
the task although participants have completed more trials (for one
SOA) than previous studies using these uninformative gaze cues
(Driver et al., 1999; Friesen & Kingstone, 1998; Langton & Bruce,
1999).

In Experiment 2, we continued to explore whether such stable
cuing effect observed in Experiment 1 was specific to social cues.
To this end, arrows, which have directional property but without bi-
ological meaningfulness, were used. As seen in Figure 2b, the results
also revealed a significant main effect of Cue-Probe Validity (F(1,
19) =6.29, p = .02, nﬁ =.25; valid RT: 379.75 * 54.21 ms; invalid
RT: 388.27 = 50.12 ms), and a nonsignificant main effect of task
Period (F(1, 19) = .18, p = .67, ng =.01). However, different from



This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

TEMPORAL STABILITY OF SOCIAL ATTENTION

Figure 2
Results from Experiments 1—4
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Participants’ responses were significantly faster when probe was presented at the gaze direction

(Experiment 1), the pointing direction of the arrows (Experiment 2), the walking direction of the point-light
walkers (Experiment 3), and at the same position of the rectangular frames (Experiment 4). Remarkably, this
cuing effect disappeared in the late period of the task (i.e., the second half of trials) when arrows were used as
attentional cues (b), while persisting over the entire period of the task when the gaze (a), point-light walkers
(c), or the rectangular frames (d) were used as cues. BM = biological motion. Error bars show standard errors.

Experiment 1, a significant interaction was found (£(1, 19) = 5.39,
p = .03, nlz, = .22). For the first half of trials, participants were
attracted by the uninformative arrow cues, responding significantly
faster when the probe was presented at the direction indicated by the
arrow than in the opposite direction (valid RT: 376.45 = 53.81 ms;
invalid RT: 389.27 = 52.38 ms; #(19) = —=3.47, p = .003, Cohen’s
d =78, 95% CI [-20.54, —-5.08]), but the cuing effect completely
disappeared in the second half of trials (valid RT: 383.04 = 55.82
ms; invalid RT: 387.27 = 49.11 ms; #(19) = -1.05, p = .31, Cohen’s
d=.23,95% CI [-12.66, 4.22]), indicating the attentional orienting
induced by nonpredictive arrow cues exhibited significant temporal
decay as the task proceeded. The sharp contrast between Experi-
ments 1 and 2 provided compelling evidence that the attentional ori-
enting induced by social cues, but not nonsocial cues, is resistant to
temporal decay even without any target-informative clues.

In Experiment 3. where social cues were replaced by BM, the results
were essentially the same as those of Experiment 1 (the main effect of
Cue-Probe Validity: F(1, 19) =9.10, p = .007, nﬁ =.32; the main effect
of task Period: F(1, 19) = .001, p = .97, n127< .001; the interaction: F(1,
19) =1.59, p = .22, nf, = .08; Figure 2c). Like Experiment 1, the find-
ing of Experiment 3 confirms a temporally stable cuing effect toward
the walking direction of the point-light walkers (valid RTs: 390.88 *
48.43 ms; invalid RTs: 396.82 = 49.48 ms).

If social cues can induce reflexive attentional orienting, the
temporal trend of the cuing effect induced by gaze and BM is
expected to be similar to that of the classical exogenous atten-
tional orienting, which is intrinsically reflexive (Giordano
et al., 2009). Therefore, in Experiment 4, we used a rectangular
frame flashed briefly as an exogenous, peripheral cue. We
found that the results, illustrated in Figure 2d, were identical to
those observed in Experiments 1 and 3. There was a significant
effect of Cue-Probe Validity (F(1, 19) = 14.95, p = .001, nﬁ =
.44), with valid RTs significantly shorter (369.11 * 31.17 ms)
than invalid RTs (385.68 * 38.28 ms), but neither the main
effect of task Period (F(1, 19) = 1.18, p = .29, nf, = .06) nor
their interaction (F(1, 19) = 1.36, p = .26, 1, = .07) was signifi-
cant. The results from Experiments 1, 3, and 4 substantiated
that the temporal trend of attentional orienting induced by
social cues was indeed similar to that induced by reflexive ex-
ogenous cues.

The temporal trends of attentional orienting across the early and
the late periods in Experiments 14 were further highlighted by
the normalized cuing effects (i.e., invalid RTs — valid RTs/invalid
RTs + valid RTs). Consistently, the normalized cuing effect
induced by arrows decreased significantly more in the late period
than that in the early period (#(19) = -2.42, p = .03, Cohen’s d =
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Figure 3
Temporal Trends of the Cuing Effects (Invalid RTs Minus Valid RTs) from Experiments 1—4
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Note. Panels (a), (b), (c), and (d) show the temporal trend of the average cuing effect across participants for

gaze (Experiment 1), arrow (Experiment 2), BM (Experiment 3), and exogenous cue (Experiment 4), respec-
tively. In each panel, the observed cuing effect over trials was plotted in black and the fitted curve was plotted
in red (dark gray). The shaded areas represent standard errors. RT = response time. See the online article for

the color version of this figure.

.54, 95% CI [—.02, —.001]), while the normalized cuing effect
induced by gaze, BM, and exogenous cues showed no significant
change throughout the task (|zs| < 1.15, ps > .26).

Temporal Trend in Attentional Orienting Over the Task

The mean R squares of the fitted curves were .84 = .10, .85 =
.09, .84 = .10, and .86 = .09 for the gaze, arrow, BM, and exoge-
nous cues, respectively. In other words, the fitted curve on average
could explain more than 80% variance of the cuing effect. Even at
the individual level, the lowest R square was above .67. Given the
complexity of the spontaneous fluctuation of the cuing effect, the
goodness of fitting was considered acceptable for further analysis of
the parameters of the fitted curve. A one-way ANOVA found no
significant effect of Cue Types for the fitted R squares, F(3, 76) =
21,p=.89, nf, = .01, demonstrating comparable goodness of fitting
between participants from different experiments.

According to the results in the section Attentional Orienting in the
Early and the Late Periods of the Task above, we expected similar
evidence from the temporal trend of the cuing effect over trials, spe-
cifically revealed by the slope parameter. There should be no signifi-
cant difference between the slope and 0 in Experiments 1, 3, and 4,

indicating no changes of the cuing effects as tasks proceeded, but the
slope should be significantly more negative compared with O in
Experiment 2, as the cuing effect gradually reduced as the task pro-
ceeded (i.e., temporal decay). Thus, the slopes were entered into a
one-sample t-test in each experiment. As drawn in Figures 3—4, the
mean slope was neither significantly different from 0 for the social
cues (gaze: .016 = .11, #(19) = .67, p = .51, Cohen’s d = .15, 95% CI
[—.03, .07], BFyp = .28; BM: .003 = .10, #«(19) = .15, p = .89,
Cohen’s d = .03, 95% CI [—.04, .05], BFp = .23), nor for the exoge-
nous cues (042 = .11, #(19) = 1.77, p = .09, Cohen’s d = .39, 95%
CI[-.01,.09], BF)y =.86). However, the mean slope for the arrow
cues was significantly different from 0 (—.08 = .13, #(19) = -2.67,
p = .01, Cohen’s d = .60, 95% CI [—.14, —.02], BF}( = 3.66). The
results thus confirmed our hypothesis.

In order to further compare the dynamic changes of the cuing
effect in different experiments quantitatively, the slopes from the
four experiments were entered into a one-way ANOVA with a
between-subjects factor of Cue Types. A significant effect was
found (F(3, 76) = 4.19, p = .008, nlz, =.14). Post hoc pairwise com-
parisons (LSD method) showed no significant difference between
the slope from the gaze cues, BM cues, and the exogenous cues
(|ts| < 1.1, ps > .27); however, the mean slope from the arrow cues
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Figure 4
The Mean Slopes of the Curves Fitted in Each Experiment
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was more negative than that from the gaze cues (#(76) = —2.62, p =
.01, Cohen’s d = .83, 95% CI [—.16, —.02]), the BM cues (#(76) =
—2.26, p = .03, Cohen’s d = .71, 95% CI [—.15, —.01]) and the ex-
ogenous cues (#(76) = —3.36, p = .001, Cohen’s d = 1.06, 95% CI
[—.19, —.05]). Taken together, these results demonstrated that the
cuing effect induced by the social cues was temporally stable and in
a similar pattern with the reflexive cuing effect induced by the exog-
enous cues, which was substantially distinguished from the cuing
effect induced by the arrow cues.

Attentional Orienting Induced by a Group of Arrow
Cues Occupying a Larger Area

As the size of the arrow cue was smaller than the gaze and BM
cues, it may be less visually dominant and easier to be ignored,
which might account for the temporal decay of the cuing effect by
arrow cues in Experiment 2. To rule out this possibility, we con-
ducted an additional experiment (20 participants) with a group of
arrows covering approximately 3.7° X 4.2° in visual angle, similar
to the gaze and BM cues in Experiments 1 and 3 (Figure 5a).
Moreover, 30 catch trials in which no target was presented were
added to avoid the influence of anticipatory responses as the ISI
was kept constant in the current study (false alarm rate: 3.67 *=
6.20%).

As expected, the results of this experiment essentially replicated
those of Experiment 2 (the main effect of Cue-Probe Validity: F(1,
19) = 12.29, p = .002, nf, =.39; the main effect of task Period: F(1,

19) = .59, p = 45, nlz, = .03; the interaction: F(1, 19) = 6.13, p =
.02, ni = .24; Figure 5b). For the first half of trials, there was a sig-
nificant cuing effect induced by arrow cues, (valid RT: 376.55 =
49.18 ms; invalid RT: 386.86 = 54.16 ms; #(19) = —4.20, p < .001,
Cohen’s d = .94, 95% CI [-15.46, —5.17]), but the cuing effect dis-
appeared in the second half of trials (valid RT: 377.49 * 45.89 ms;
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invalid RT: 381.82 = 53.30 ms; #(19) = —-1.83, p = .08, Cohen’s d =
41, 95% CI [-9.29, .62]). The temporal profile of the cuing effect
was also fitted via the function shown in section Data Analysis
above (Figure 5¢), and the mean slope of the fitted curve was signif-
icantly different from 0 (—.05 *= .08, #(19) = -3.10, p = .006,
Cohen’s d = .69, 95% CI [—.09, —.02], BFy = 7.97, as shown in
Figure 5d). These results thus clearly demonstrated that the tempo-
ral decay of the cuing effect induced by nonsocial cues was not
much influenced by the cue size or by the anticipatory responses.

Discussion

The current study aimed to examine the specificity of social
attention from a temporal-stability perspective. To this end, we
characterized and compared the temporal profiles of attentional
orienting effects caused by social, nonsocial, and exogenous cues.
Results showed that the cuing effects induced by different social
cues (i.e., eye gaze and walking direction), similar to that induced
by reflexive exogenous cues, remained stable for a relatively long
time, while the cuing effect induced by nonsocial cues (i.e., arrow)
gradually decreased during the task. From a temporal-stability per-
spective, these findings substantiate the specificity of social atten-
tional orienting induced by eye gaze and walking direction,
distinguishing social attentional orienting from nonsocial atten-
tional orienting.

To characterize the temporal trend of social attentional orienting,
trial number in each Cue-Type X SOA condition was increased
from 8-80 trials in previous studies (Bardi et al., 2015; Driver et al.,
1999; Friesen & Kingstone, 1998; Hirai et al., 2011; Langton &
Bruce, 1999; Lunghi et al., 2019; Shi et al., 2010; Zhao et al., 2014)
to 150 trials in the current one. The persistent effect of the social
attentional orienting over relatively more trials, especially consider-
ing the unpredictability of the cues (half valid and half invalid) to
the subsequent target, unambiguously proved its reflexive property.
This reflexiveness of attentional orienting to eye gaze and biological
motion ought to rely on automatic extraction of the cue’s direction,
which has already been evidenced by findings that the direction of
social cues can be extracted without focused attention (Langton,
2000; Thompson & Parasuraman, 2012; Thornton & Vuong, 2004;
Zorzi et al., 2003) or even without explicit recognition of its biologi-
cal nature (Sato et al., 2007; Wang et al., 2014). More strikingly,
such automatic decoding can take place to visually inexperienced
chicks: The newly hatched chicks are inclined to align their bodies
with the hen’s walking direction (Vallortigara & Regolin, 2006).
Combined with these studies, our finding recommends a much
stricter criterion fulfilled for a genuine reflexive orienting controlled
by an automatic system, that the cuing effect should be temporally
stable despite the cues are target uninformative.

In the same vein, although arrows are able to induce attentional
orienting in Experiment 2 and in many previous studies (Nummen-
maa & Hietanen, 2009; Ristic et al., 2002; Tipples, 2002, 2008),
its descending trend as the task proceeds, according to the above
criterion, implies that the nonsocial attentional orienting is largely
regulated by top-down control and cannot be deemed a truly
reflexive response (Downing et al., 2004; Friesen et al., 2004; Ris-
tic et al., 2007). Noteworthy, this descending temporal trend may
also explain why some other studies, which employed remarkably
less trials, found a reflexive nonsocial attentional orienting trig-
gered by arrows (Ristic et al., 2002; Tipples, 2002). Therefore,
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Figure 5
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Schematic Diagram and Results for the Experiment With a Group of Arrow Cues
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applying a stricter criterion from a temporal-stability perspective
can help us separate the nonsocial attentional orienting induced by
arrows from the social attentional orienting induced by gaze and
BM. This temporal-stability perspective would then be helpful to
reassess the disputable attentional orienting induced by nonsocial,
counterpredictive cues (Downing et al., 2004; Friesen et al., 2004;
Tipples, 2008), which encourages future investigation.

The distinct temporal trend of the attentional orienting induced by
social cues and arrows may be attributed to their different evolution-
ary roots. As it is critical for a living organisms’ survival to rapidly
and accurately identify the focus of other animate entities (e.g., con-
specifics, prey and predators), social attentional orienting induced by
gaze and BM emerges in the early development period (Bardi et al.,
2015; Farroni et al., 2004; Hood et al., 1998; Lunghi et al., 2019;
Zhao et al., 2014). Such social ability appears also in some nonhu-
man species (Deaner & Platt, 2003; Leadner et al., 2020). These
observations imply an evolutionary basis for the ability of social
attentional orienting. A recent study unequivocally confirms that the
attentional orienting induced by social cues (gaze and BM) is highly
heritable (Wang et al., 2020). Due to such an innate property of the
social attentional orienting, it is plausible that even if participants
are gradually aware of the uselessness of the social cues as the task

proceeds, they cannot refrain from decoding and orienting to the
direction of these cues (or in other words, hardly habituate to the
orienting effect brought by these cues). That is why the attentional
orienting induced by gaze and BM is resistant to change over time.
By contrast, an arrow, without any biological meaningfulness, is an
overlearned symbol often used as indication signs (e.g., road signs)
in daily life (Ristic & Kingstone, 2006, 2012). Not surprisingly,
attentional orienting to such nonsocial cues is not heritable and
chiefly shaped by environmental effects (Wang et al., 2020). Perhaps
the attentional orienting response to an overlearned cue in daily life
can be dynamically modulated or relearned according to the validity
of the cues, so that participants’ attentional orienting to arrows grad-
ually declines over time.

The finding that social attentional orienting is resistant to tempo-
ral decay compared with nonsocial attentional orienting, provides
another supportive evidence about the specificity of social atten-
tional orienting, the idea of which is proposed by many previous
studies (Akiyama et al., 2008; Friesen et al., 2004; Marotta et al.,
2012; Ristic et al., 2007) and robustly supported in a recent cross-
category adaptation study (Ji et al., 2020). After adaptation to social
cues (e.g., BM), participants were less inclined to shift their atten-
tion to the direction of the same (BM) or another (eye gaze) type of
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social cues that had same direction with the adaptors. In other
words, a cross-category adaptation exists for the social attentional
system. By contrast, after adaptation to nonsocial cues (arrows), the
social attentional orienting was not influenced (Ji et al., 2020). In
addition to behavioral evidence, so far there have been many find-
ings that imply a differential neural mechanism underlying social
relative to nonsocial attentional orienting. First, ERP studies found
that early directing attention negativity (EDAN) induced by both
eye gaze and BM occur on in earlier time window (e.g., 100—-160
ms), while EDAN induced by arrows occurs in a later period
(220-260 ms) after the cue onset (Brignani et al., 2009; Hietanen
etal., 2008; Wang et al., 2014). Second, some brain imaging studies
showed that social attentional orienting activates the ventral atten-
tion network while orienting to arrows activates the dorsal atten-
tional network (Hietanen et al., 2006, 2008; Joseph et al., 2015; but
see Sato et al., 2009; Tipples et al., 2013).

To conclude, the current study highlights that the temporal sta-
bility of social attentional orienting induced by gaze and BM is
intrinsically distinct from that of the nonsocial attentional orient-
ing induced by arrow cues. Our results not only provide novel evi-
dence from a temporal trend perspective for the specificity of
social attentional orienting induced by gaze and BM, but also call
for a stricter criterion of temporal stability when considering the
reflexive nature of social and nonsocial attentional orienting.
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