
Psychological Medicine

cambridge.org/psm

Original Article

Cite this article: Wang L, Wang Y, Xu Q, Liu D,
Ji H, Yu Y, Hu Z, Yuan P, Jiang Y (2020).
Heritability of reflexive social attention
triggered by eye gaze and walking direction:
common and unique genetic underpinnings.
Psychological Medicine 50, 475–483. https://
doi.org/10.1017/S003329171900031X

Received: 11 September 2018
Revised: 29 January 2019
Accepted: 5 February 2019
First published online: 4 March 2019

Key words:
Behavioral genetics; biological motion;
eye gaze; social cognition; twin study

Author for correspondence:
Yi Jiang, E-mail: yijiang@psych.ac.cn

© Cambridge University Press 2019

Heritability of reflexive social attention
triggered by eye gaze and walking direction:
common and unique genetic underpinnings

Li Wang1,2, Ying Wang1,2, Qian Xu1,2, Dong Liu1,2, Haoyue Ji1,2, Yiwen Yu1,2,

Zhaoqi Hu1,2, Peijun Yuan1,2 and Yi Jiang1,2

1State Key Laboratory of Brain and Cognitive Science, CAS Center for Excellence in Brain Science and Intelligence
Technology, Institute of Psychology, Chinese Academy of Sciences, 16 Lincui Road, Beijing 100101, P. R. China and
2Department of Psychology, University of Chinese Academy of Sciences, 19A Yuquan Road, Beijing 100049,
P. R. China

Abstract

Background. Social attention ability is crucial for human adaptive social behaviors and inter-
personal communications, and the malfunction of which has been implicated in autism spec-
trum disorder (ASD), a highly genetic neurodevelopmental disorder marked by striking social
deficits.
Methods. Using a classical twin design, the current study investigated the genetic contribution
to individual variation in social and non-social attention abilities, and further probed their
potential genetic linkage. Moreover, individual autistic traits were further measured in an
independent group of non-twin participants to examine the hypothetical link between the
core social attention ability and ASD.
Results. We found reliable genetic influences on the social attentional effects induced by two
distinct cues (eye gaze and walking direction), with 91% of their covariance accounted for by
common genetic effects. However, no evidence of heritability or shared genetic effects was
observed for the attentional effect directed by a non-social cue (i.e. arrow direction) and its
correlation with the social attention ability. Remarkably, one’s autistic traits could well predict
his/her heritable core social attention ability extracted from the conventional social attentional
effect.
Conclusions. These findings together suggest that human social attention ability is supported
by unique genetic mechanisms that can be shared across different social, but not non-social,
processing. Moreover, they also encourage the identification of ‘social attention genes’ and
highlight the critical role of the core human social attention ability in seeking the endophe-
notypes of social cognitive disorders including ASD.

Introduction

The ability to readily detect interactive social partners’ focus of attention, known as social
attention, is fundamental to our social interactions and adaptive functioning. This exquisite
ability enables us to learn about the other person’s inner state and where the important events
occur in the environment (Birmingham and Kingstone, 2009). Eyes are commonly thought to
play a crucial role in social attention (Langton et al., 2000; Itier and Batty, 2009). It has been
well documented that eye gaze can automatically direct the observer’s attention toward the
gazed-at location (Frischen et al., 2007). This effect arises rapidly (Langton and Bruce,
1999; Friesen and Kingstone, 2003) and persists when the gaze direction is non-predictive
or even counter-predictive of target location (Friesen et al., 2004; Tipples, 2008), disclosing
its reflexive attribute. Moreover, this gaze following behavior emerges early in life and can sup-
port language acquisition and theory-of-mind development (Hood et al., 1998; Nuku and
Bekkering, 2008). However, not all of us are equally adept at following another individual’s
gaze direction and this ability is impaired in individuals with autism spectrum disorder
(ASD), a heritable disorder marked by striking social deficits (Bruinsma et al., 2004). The gen-
eral consensus is that the impaired development of social attention (e.g. gaze following) is
among the earliest and best predictors of ASD (Dawson et al., 2012). As such, understanding
the origin of social attention is central to research on the etiology of ASD.

Despite its theoretical and practical importance, whether social attention skills are con-
trolled by genetic factors or shaped by environmental experience remains obscure. A common
view is that gaze following is a learned response which is acquired with repeated exposures to
gaze direction and its perceived outcomes (Driver et al., 1999; Langton and Bruce, 1999). It is
worth noting that the phenomenon of following the gaze of other individuals can also be
observed in nonhuman primates, indicating an evolutionary basis for the mechanism of
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gaze following (Deaner and Platt, 2003). The preservation of this
ability across species raises the possibility that gaze following may
not be simply an acquired response and it might conceivably
involve an innate module specific to gaze perception (i.e. eye-
direction detector), as implied by Baron-Cohen (1995).

Similarly, point-light biological motion (BM), another type of
social cues, can trigger attentional orienting not only in adults but
also in preschool children and 6-month-old infants (Shi et al.,
2010; Hirai et al., 2011; Zhao et al., 2014; Bardi et al., 2015).
This effect persists even when the global configuration of BM is
disrupted and observers are not aware of its biological nature
(Wang et al., 2014). Combined with previous evidence
(Thornton and Vuong, 2004; Troje and Westhoff, 2006; Wang
and Jiang, 2012), it has hence been proposed that there might
exist an innate and evolutionarily endowed brain mechanism sen-
sitive to the direction of the limbs of another moving creature (i.e.
life motion detector), which may act in an analogous manner as
the eye-direction detector (Wang et al., 2014). However, to date,
there still lacks empirical evidence regarding whether the gaze
and BM following behaviors are innate or learned through exten-
sive social experience, although from an evolutionary perspective
it would be adaptive to possess these abilities innately. Further, a
more intriguing question is whether the gaze and BM following
abilities share common innate and genetically determined
mechanisms.

To probe these issues, the current study directly investigated
the relative contributions of genetic and environmental influences
on individual variation in social attention abilities using a classical
twin method. A variant of the Posner cueing paradigm (Posner,
1980), which has been widely used for measuring attentional
effects induced by social cues (Frischen et al., 2007; Shi et al.,
2010), was employed to assess social attention abilities. In add-
ition to the social cues, the current study also tested a non-social
attentional cue (i.e. arrow). Arrow cues, which have directional
property without biological meaningfulness, can also trigger
robust attentional orienting effects (Tipples, 2002; Friesen et al.,
2004). The comparison of the attentional effects elicited by social
v. non-social cues would provide a unique opportunity to inves-
tigate whether social and non-social attention abilities, from the
genetic prospective, are qualitatively distinct, and whether the
genetic influences, if observed, are unique to social attention
ability.

Materials and methods

Participants

A total of one hundred and sixty same-gender twin pairs (mean
age = 18.5 years, range = 15–27 years, 91 female twin pairs) were
randomly selected from BeTwiSt, which is a longitudinal study
of twins in Beijing, China (Chen et al., 2013). Fifty-eight mono-
zygotic (MZ) (34 female) and 55 dizygotic (DZ) twin pairs (30
female) (a total of 226 participants) participated in Experiment
1, and 26 MZ (16 female) and 21 DZ (11 female) twin pairs (a
total of 94 participants) participated in Experiment 2. In addition,
50 non-twin participants (mean age = 22.6 years, range = 18–28
years, 28 female) took part in Experiment 3. All participants
had normal or corrected-to-normal vision and were naïve to the
purpose of the experiments. They all gave written informed con-
sent in accordance with procedures and protocols approved by the
institutional review board of the Institute of Psychology, Chinese
Academy of Sciences.

Stimuli

Stimuli were generated and displayed using MATLAB
(Mathworks, Inc.) together with the Psychophysics Toolbox
extensions. For gaze cueing task, neutral face images with gaze
averted 17° to the left or right were employed. A female face
image was taken from the Ekman and Friesen’s Pictures of
Facial Affect (Ekman and Friesen, 1976), and it was cropped to
remove features outside of the face. The gaze direction was
manipulated by using Photoshop software. For walking direction
cueing task, point-light BM stimuli were adopted from a previous
study and created by capturing the motion of a walking actor
(Vanrie and Verfaillie, 2004). The BM stimuli displayed stationary
walking and did not contain any overall translatory motion. Each
BM sequence comprised 13 dots depicting the motions of mar-
kers attached to the head and the major joints. The initial
frame of the point-light display was randomized for each trial
to avoid observers’ prediction. For arrow cueing task, arrows
were created by combining a straight line and an arrowhead
attached to the leading end of the line.

Procedure

In Experiment 1, participants took part in the gaze cueing and the
walking direction cueing tasks, and in Experiment 2 participants
completed the gaze cueing and the arrow cueing tasks. In
Experiment 3, in addition to the visual tasks (i.e. the gaze cueing
and the arrow cueing tasks), we measured autistic traits of the
non-twin participants using a Chinese version of Autism-
Spectrum Quotient (AQ) questionnaire (Baron-Cohen et al.,
2001; Zhang et al., 2016).

In the gaze cueing task, stimuli were displayed on a 19-inch
CRT monitor, and the viewing distance was 80 cm. Each trial
began with fixation on a central cross (0.5° × 0.5°) within a
frame (12.6° × 12.6°) that extended beyond the outer border of
the stimuli. After 1 s, a face with straight ahead gaze (subtended
3.2° × 4.2° in visual angle) was superimposed on the central
cross and was presented for 100 ms. Then a cue (a face with left-
ward or rightward gaze) appeared for 300 ms. After the cue pres-
entation, there was a 100 ms inter-stimulus interval (ISI) in which
only the fixation was displayed, followed by a small Gabor patch
that was presented briefly (100 ms) as a probe on the left or right
side of the fixation. The horizontal distance between the center of
the Gabor patch and the fixation was 3.2°. Participants were
required to press one of two keys on a standard keyboard to
indicate whether the probe appeared on the left or right side
as quickly as possible while minimizing errors (Fig. 1).
Throughout the task, a central cross was always displayed in
the center of the screen, and participants were asked to fixate
on the central cross from the beginning of each trial. The experi-
ment consisted of 40 trials with 20 congruent trials and 20 incon-
gruent trials. At the beginning of the task, participants were
explicitly told that the cue direction did not predict target loca-
tion. Test trials were presented in a new random order for each
observer.

The procedure of the walking direction cueing task was similar
to that of the gaze cueing task with the exception that point-light
BM stimuli with leftward or rightward walking direction (2.0° ×
4.3°) were employed as cues and they were presented for
500 ms. The arrow cueing task was identical to the gaze cueing
task except that leftward or rightward arrows (1.0° × 0.9°) were
used as cues.
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Results

Genetic contributions to social attention abilities

In Experiment 1, two measures (gaze cueing and walking direc-
tion cueing tasks) were administered to assess social attention
abilities in a sample of MZ and DZ twin pairs. First, the twin
participants responded more quickly to targets appearing in the
gaze or walking direction that was indicated by a centrally pre-
sented face or point-light walker (congruent condition) than to

targets appearing in the opposite direction (incongruent condi-
tion) (gaze: 354 ms v. 374 ms, t225 = −11.70, p < 0.001, Cohen’s
d = 0.29, BF10 = 3.41 × 1018; walking direction: 353 ms v. 364 ms,
t225 = −7.40, p < 0.001, Cohen’s d = 0.18, BF10 = 8.56 × 1010),
even when they were explicitly told that the gaze and walking dir-
ection did not predict the target location. In other words, robust
and consistent attentional cueing effects were observed with both
types of social cues in the twin participants, which are in line with
previous studies (Friesen and Kingstone, 1998; Driver et al., 1999;

Fig. 1. Illustrations of trial sequences in the walking direction cueing, eye gaze cueing, and arrow cueing tasks. In the walking direction cueing task, after a cue
(point-light BM stimuli with leftward or rightward walking direction) was presented for 500 ms in each trial, there was a 100 ms ISI in which only the fixation was
displayed, followed by a small Gabor patch that was presented briefly (100 ms) as a probe on the left or right side of the fixation. Observers were then required to
press one of two buttons to indicate whether the probe appeared on the left or right side as quickly as possible while minimizing errors. At the beginning of the
task, observers were explicitly told that the walking direction was not predictive of target location. The procedure of the eye gaze cueing task was similar to that of
the walking direction cueing task with the exception that faces with leftward or rightward eye gaze were employed as cues and they were presented for 300 ms. The
arrow cueing task was identical to the eye gaze cueing task except that leftward or rightward arrows were used as cues.
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Shi et al., 2010). Additionally, the attentional effect induced by
gaze was significantly larger than that induced by walking direc-
tion (t225 = 5.04, p < 0.001, BF10 = 22 023), consistent with previ-
ous findings (Langton et al., 2000; Frischen et al., 2007).

The assumption underlying the twin design is that while MZ
and DZ twins share the environmental influences with the same
extent, MZ twins share 100% of their genetic material and DZ
twins share only 50% on average. Therefore, if genetic factors
play a prominent role in shaping social attention abilities, MZ
twin pairs should be more similar than DZ twin pairs in
these abilities. Intraclass correlation analyses confirmed such
hypothesis and showed that both the attentional effects induced
by gaze and walking direction (calculated using the difference
in the mean reaction time obtained under the incongruent condi-
tion v. that under the congruent condition divided by their sum,
RTincongruent − RTcongruent /RTincongruent + RTcongruent) were signifi-
cantly more similar in MZ twins than in DZ twins (gaze: 0.40 v.
−0.03, Fisher’s z test, z = 2.33, p = 0.010; walking direction: 0.48 v.
0.10, z = 2.20, p = 0.014; Fig. 2, left panel), indicating substantial
genetic influences on these attentional effects.

Further univariate genetic analyses (see online Supplementary
Information) demonstrated that the heritability of the attentional
effect of gaze and that of walking direction were 31% [95% con-
fidence interval (CI), 9–50%] and 43% (95% CI, 22–60%),
respectively (Table 1 and Fig. 3(a), left panel). More importantly,
results showed a significant correlation between these two social
attentional effects [r = 0.23, p = 0.001, BF10 = 64.51; Fig. 3(b), left
panel], and cross-twin cross-task correlational analyses revealed
that the attentional effect induced by walking direction for one
twin significantly covaried with the attentional effect induced
by gaze for the other twin among MZ twin pairs (r = 0.25, p =
0.007, BF10 = 8.05) but not DZ twin pairs (r = 0.07, p = 0.458,
BF10 = 0.156), suggesting that common genetic factors are
involved in driving the attentional effects induced by these two
distinctively different forms of social cues. Further bivariate gen-
etic analysis (see online Supplementary Information) revealed that
91% of the phenotypic association between the attentional effects
induced by gaze and walking direction was accounted for by
shared genetic influences, highlighting the existence of genetic
pleiotropy between these phenotypes.

No evidence of heritability for non-social attention ability

Experiment 1 clearly demonstrates that the reflexive attentional
effects of gaze and walking direction are heritable and they
share a common genetic etiology. However, it remains to be elu-
cidated whether the observed genetic influences on these attention
abilities were specific to social information processing. In
Experiment 2, arrow cues were employed for direct comparison
with gaze cues, and two measures (gaze cueing and arrow cueing
tasks) were administered in a new sample of MZ and DZ twin
pairs.

Similar to that obtained in Experiment 1, a significant reflex-
ive attentional orienting effect was observed with gaze cues
(362 ms v. 381 ms, t93 =−7.43, p < 0.001, Cohen’s d = 0.34,
BF10 = 3.38 × 108). There was also a significant attentional orient-
ing effect associated with arrow cues (384 ms v. 403 ms, t93 =
−5.00, p < 0.001, Cohen’s d = 0.28, BF10 = 1593), consistent with
previous studies (Tipples, 2002; Friesen et al., 2004). There was
no significant difference between the magnitudes of the atten-
tional effects induced by these two types of cues (0.024 v.
0.023, t93 = 0.34, p = 0.733). For the attentional effect induced

by gaze, the intraclass correlation of MZ twin pairs exceeded
the DZ correlation (0.43 v. 0.02, z = 1.40, p = 0.084; Fig. 2, right
panel) and the heritability was estimated to be 37% [95% CI,
3–62%; Table 1 and Fig. 3(a), right panel], which replicated
the findings from Experiment 1. In contrast to the attentional
effect induced by gaze, there was no significant difference
between the intraclass correlations of MZ and DZ twin pairs
for the attentional effect (−0.09 v. −0.08, z =−0.05, p = 0.480;
Fig. 2, right panel) induced by arrows, and univariate genetic
analyses revealed no heritability of such non-social attentional
effect [Table 1 and Fig. 3(a), right panel]. This finding resonates
well with a previous study showing no evidence of heritability for
the endogenous attentional orienting (Fan et al., 2001). It should
be noted that the correlation between the gaze-induced atten-
tional effect and the arrow-induced attentional effect was also
significant [r = 0.37, p < 0.001, BF10 = 64.51; Fig. 3(b), right
panel]. However, cross-twin cross-task correlations were not
significant for both MZ (r = 0.04, p = 0.760, BF10 = 0.18) and
DZ twin pairs (r =−0.23, p = 0.137, BF10 = 0.08), suggesting
that environmental factors play a major role in shaping the non-
social attentional effect and its covariation with the social atten-
tional effect. Consistent with this notion, bivariate genetic ana-
lysis showed 100% of the phenotypic association between the
attentional effects induced by gaze and arrow was accounted
for by environmental effects.

On a side note, female participants showed larger attentional
effects than male participants in both gaze (t318 = 2.07, p = 0.04,
BF10 = 1.86) and arrow (t92 = 2.26, p = 0.026, BF10 = 3.93) cueing
tasks (combined data from Experiments 1 and 2), in line with pre-
vious studies (Bayliss et al., 2005; Feng et al., 2011). Moreover,
there was also a large gender difference in the attentional effect
induced by walking direction (t224 = 3.07, p = 0.002, BF10 =
23.35), suggesting that gender differences might generalize across
social and nonsocial attention abilities.

The core social attention ability extracted from conventional
attentional effects

Furthermore, we calculated a core social attention index to extract
the core social component from the conventional attentional
effects by subtracting out the non-social component, i.e. the dif-
ference between the gaze and the arrow cueing effects. To this
end, only the congruent trials were used for this calculation
because they directly reflect observers’ attentional orienting
toward (engagement) rather than away (disengagement) from
the cueing direction, and this index has been widely used in pre-
vious attentional cueing studies (Koster et al., 2006; Koster et al.,
2007; Shane and Peterson, 2007). This core social attention index
(RTarrow− RTgaze) differed significantly from zero (t93 = 4.49, p <
0.001, Cohen’s d = 0.46, BF10 = 1651), reflecting facilitated atten-
tional orienting toward gaze-cued target relative to arrow-cued
target. More importantly, MZ twin pairs exhibited greater similar-
ity for the core social component of attentional effect compared to
DZ twin pairs (intraclass correlation, 0.52 v. 0.06, z = 1.66, p =
0.049) and the estimated heritability was 58% (95% CI, 18–79%;
Table 1). By contrast, the RT difference between the gaze and
walking direction cueing effects obtained in Experiment 1 was
not significantly different from zero (t225 =−0.37, p = 0.710,
BF10 = 0.06), and showed no difference in intraclass correlation
between MZ and DZ twin pairs (0.08 v. 0.15, z = −0.37, p =
0.357) and therefore no evidence of heritability.
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Covariation between the core social attention ability and
autistic traits

To further examine the hypothetical link between social attention
ability and ASD, we conducted Experiment 3 in which the
Autism-Spectrum Quotient (AQ) questionnaire, in addition to
the two attentional tasks (gaze cueing and arrow cueing tasks),
was administered to an independent group of non-twin partici-
pants. The mean AQ score was 118, and there was no difference
between male and female participants (117 v. 119, t48 =−0.95, p =
0.710, BF10 = 0.16). Similar to Experiment 2, we observed signifi-
cant attentional orienting effects triggered by both gaze cues
(353 ms v. 375 ms, t49 =−7.57, p < 0.001, Cohen’s d = 0.39, BF10
= 2.55 × 107) and arrow cues (373 ms v. 389 ms, t49 =−5.45,
p < 0.001, Cohen’s d = 0.28, BF10 = 20 972), and these two atten-
tional effects were significantly intercorrelated (r = 0.39, p =
0.005, BF10 = 15.66). Moreover, comparison of the core social
attentional index against zero also showed facilitated attentional
orienting toward gaze-cued target as compared to arrow-cued
target (t49 = 5.15, p < 0.001, Cohen’s d = 0.73, BF10 = 7785).
Crucially, observers’ core social attentional index negatively corre-
lated with their AQ scores (r =−0.29, p = 0.042, BF10 = 3.0). That
is, individuals with higher autistic traits displayed weaker

vigilance for social v. non-social cues. These results, together
with the heritability of social v. non-social attention ability, add
direct support for the tight coupling between social attention abil-
ity and autistic traits, and hint that the core social component
may provide a genetically determined and potentially more robust
hallmark of ASD.

Discussion

Humans possess a remarkable ability to automatically direct
attention to what or where others are focusing on, allowing
exchange of critical information and facilitating appropriate social
interaction (Birmingham and Kingstone, 2009). Given its evolu-
tionarily adaptive nature, it is not surprising that this social atten-
tion behavior is evident even in young infants and non-human
primates, indicating that it may be hard-wired in the primate
brain (Hood et al., 1998; Deaner and Platt, 2003). The current
study employed a modified Posner cueing paradigm to assess
social attention abilities in twin participants and found strong
heritability of such abilities. Specifically, genetic factors play a
prominent role in shaping the individual variation in reflexive
attentional orienting effect induced by the mostly investigated

Fig. 2. Intraclass correlations for MZ and DZ twins. In Experiment 1, for the attentional effects induced by eye gaze and walking direction, the intraclass correlations
of MZ twin pairs exceeded the DZ correlations. In Experiment 2, MZ twin pairs exhibited greater similarity for gaze induced attentional effect compared to DZ twin
pairs. In contrast, the attentional effect induced by arrows showed no difference in intraclass correlation between MZ and DZ twin pairs. The red small squares
indicate upper boundary of 95% CIs for intraclass correlations.

Table 1. Univariate model fitting result

Model a2 (95% CI) c2 (95% CI) e2 (95% CI) AIC

Eye gaze (Exp. 1) Full ACE 0.31 (0–0.50) 0 (0–0.30) 0.69 (0.50–0.91) 0.6

Walking direction (Exp. 1) ACE 0.43 (0.01–0.60) 0 (0–0.33) 0.57 (0.40–0.78) −4.6

Eye gaze (Exp. 2) ACE 0.36 (0–0.62) 0 (0–0.47) 0.64 (0.38–0.97) 2.0

Arrow (Exp. 2) ACE 0 (0–0.26) 0 (0–0.20) 1.0 (0.74–1) 3.2

Social component (Exp. 2) ACE 0.58 (0.02–0.79) 0 (0–0.33) 0.42 (0.21–0.81) 4.09

Eye gaze (Exp. 1) Best AE 0.31 (0.09–0.50) − 0.69 (0.50–0.91) −1.4

Walking direction (Exp. 1) AE 0.43 (0.22–0.60) − 0.57 (0.40–0.78) −6.6

Eye gaze (Exp. 2) AE 0.37 (0.03–0.62) − 0.63 (0.38–0.97) −2.0

Arrow (Exp. 2) E – − 1.0 (1.0–1.0) −4.0

Social component (Exp. 2) AE 0.58 (0.18–0.79) − 0.42 (0.21–0.81) 2.1
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social cue (i.e. gaze). Moreover, much of the individual difference
in attentional effect triggered by another distinctively different
social cue, walking direction of BM, can also be explained by gen-
etic factors. Importantly, the attentional effect induced by gaze is
linked to that induced by walking direction and these social atten-
tion abilities are influenced by common genetic effects. By
contrast, no evidence of heritability or genetic correlation is
observed with the attentional effect triggered by the non-social
cue (i.e. arrows). In addition, the core social attention ability,
which is highly heritable, can be predicted by one’s autistic traits.
These results provide evidence that common genetic factors
are involved in driving social, but not non-social, attentional
effects, thus lending support to the view that ‘social attention is
special’.

Although the attentional effects elicited by social stimuli, like
gaze for instance, has long been proposed to be special, this
view is being challenged by the findings that an automatic atten-
tional shift could also be triggered by non-social stimuli, such as
arrows (Ristic et al., 2002; Tipples, 2002, 2008). Studies directly
comparing these two types of attentional orienting have found
indistinguishable behavioral effects (Bayliss et al., 2005; Tipples,
2008; Nummenmaa and Hietanen, 2009). However, some studies

have demonstrated that gaze cueing is less susceptible to top-
down cognitive control, providing evidence for the uniqueness
of social attention (Friesen et al., 2004; Ristic et al., 2007). The
neuroimaging findings on the engagement of attention systems
during gaze- and arrow-triggered orienting are also inconsistent,
as some studies reported separate attention systems engaged by
gaze and arrow cues but some others found common neural sub-
strates (Kingstone et al., 2004; Sato et al., 2009; Engell et al., 2010;
Uono et al., 2014; Joseph et al., 2015). There still lacks empirical
evidence that could well reconcile these controversial findings.
Using behavioral genetic method, the current study demonstrates
a reliable genetic contribution to individual variation in gaze-
mediated but not arrow-mediated attentional effect, with the lat-
ter largely explained by environmental effects, providing clear evi-
dence for the uniqueness of the attentional effect triggered by
gaze. This resonates well with developmental studies showing
that the attentional effects of gaze and walking direction but
not arrow direction arise early in life (Hood et al., 1998;
Farroni et al., 2004; Jakobsen et al., 2013; Bardi et al., 2015).
Despite similar behavioral observations obtained from gaze and
arrow, the genetic roots and underlying processes may be quite
different for these two types of attention abilities. An arrow can

Fig. 3. Genetic and environmental contributions to attention abilities and their phenotypic correlations. (a) In Experiment 1, univariate genetic analyses revealed
heritability of attentional effects induced by two distinctively different social cues (i.e. eye gaze and walking direction). In Experiment 2, there were reliable genetic
influences on gaze induced attentional effect, but no evidence of heritability was observed with arrow induced attentional effect. (b) Bivariate genetic analyses
revealed that shared genetic effects can account for 91% of the covariance between the attentional effects induced by eye gaze and walking direction. By contrast,
100% of the phenotypic association between the attentional effects induced by gaze and arrow was accounted for by environmental effects.
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produce an automatic attention shift is likely because it is an over-
learned symbol with obvious directional information that is rein-
forced in daily life (e.g. road signs). In a different way, eye gaze
triggers a reflexive attentional orienting may be because it repre-
sents a special cue characterized with biological significance, and
such gaze-triggered attentional orienting effect might be mediated
by an innate and genetically determined module (eye-direction
detector) (Baron-Cohen, 1995).

Interestingly, we still found that gaze and arrow cueing effects
are intercorrelated: individuals who show stronger gaze cueing
effects also exhibit stronger arrow cueing effects. However, such
covariation is largely shaped by environmental factors, in sharp
contrast to the covariation between gaze and walking direction
cueing effects that is mostly explained by shared genetic effects.
It is thus conceivable that gaze cueing effect not only relies on
an innate, specialized social attentional system but also a learned,
more general attentional mechanism shared by arrow cueing,
which might also explain why mixed results obtained in previous
research. This notion is strongly supported by evidence that the
difference between gaze and arrow cueing effects (i.e. the core
social component) is heritable and negatively correlated with aut-
istic traits.

Although eyes provide the most salient cue to others’ direction
of attention, they are not the unique source of such information.
Several recent findings have revealed that reflexive attentional
orienting extends to the walking direction of BM, a distinctively
different stimulus type from eye gaze in terms of visual properties
(Shi et al., 2010; Wang et al., 2014; Zhao et al., 2014). An import-
ant question is whether the reflexive social attention of gaze and
walking direction are driven by common underlying mechanisms.
Baron-Cohen proposed the existence of a specialized innate mod-
ule in support of an ‘eye-direction detector’, identifying where
eye-gaze is directed in the environment (Baron-Cohen, 1995).
Similarly, it has been suggested that there exists an innate module
dedicated to detecting the direction of motion of other organisms
(i.e. ‘life motion detector’) (Johnson, 2006; Troje and Westhoff,
2006; Wang et al., 2014). Some researchers postulated a more gen-
eral ‘direction of attention detector’, combining information from
gaze, head and body direction, as evidenced by the findings show-
ing that the superior temporal sulcus region is not only responsive
to gaze direction but also to head and body direction (Perrett
et al., 1992; Perrett and Emery, 1994). The genetic correlation
between the reflexive attentional effects of gaze and walking dir-
ection observed in our current study provides evidence for the
existence of such innate social attention detector from the genetic
perspective. Future research, combining neuroimaging and behav-
ioral genetic methods, may help to identify the common neural
circuitry subserving the reflexive orienting responses elicited by
different social stimuli (i.e. ‘social attention network’) and will
shed new light on the gene–brain–behavior relationships in social
attention.

Findings of the current study also bring further our under-
standing of the relationship between social attention and ASD.
Reduced social attention has often been posited to be a cardinal
feature of ASD (Bruinsma et al., 2004; Dawson et al., 2012).
Infants who are later diagnosed with ASD tend to manifest
reduced sharing of attention (Maestro et al., 2002;
Zwaigenbaum et al., 2005). Although lack of social attention
has been well documented in the clinical literature (Bruinsma
et al., 2004; Dawson et al., 2012), computerized laboratory experi-
mental studies employing gaze cueing tasks generally report rela-
tively normal behavior (Okada et al., 2003; Kylliäinen and

Hietanen, 2004; Rutherford and Krysko, 2008). Only a handful
of studies have reported diminished gaze cueing effects in ASD,
and the magnitude of gaze cueing effects is found to be negatively
correlated with the degree of autistic traits in normal population
(Bayliss et al., 2005; Goldberg et al., 2008). It has been postulated
that individuals with ASD may engage non-social mechanisms
and utilize low-level visual directional properties of gaze cues to
complete the task, and thus their relatively normal behavioral per-
formance may simply reflect compensatory mechanisms rather
than intact social attention ability. In the current study, we pro-
vide further evidence that the core social attention ability is gen-
etically determined and negatively correlated with individual
autistic traits, suggesting that it may be treated as a more innate
and reliable behavioral marker of ASD relative to the conventional
social cueing effect.

Finally, several limitations of the current study should be
acknowledged. First, the sample size of our study was relatively
small and insufficient to examine gender-specific effects. It is
important for future studies using a larger sample to investigate
gender differences in the influence of genes and environment.
Next, we only employed a simple laboratory task to simulate
social attention. Future research should adopt more naturalistic
stimuli and tasks in conjunction with multiple types of measures
(e.g. behavioral, physiological, neuroimaging) to explore real-life
phenomena of reciprocal social attention (Richardson and
Gobel, 2015; Risko et al., 2016). Further, the linkage between
the core social attention ability and ASD needs to be directly
examined in clinical sample.

In conclusion, the heritability of social v. non-social attention
ability observed in our study argues for an innate mechanism for
social attention behaviors, and suggests a potential genetic linkage
between the core social attention ability and ASD. Social attention
deficits show promise as an endophenotype that has the power to
specify the genetic underpinnings of ASD and inform future
approaches in early diagnosis and treatment.
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