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Abstract: Using behavioral and event-related potential (ERP) measures, the present study examined
whether eye gaze triggers a unique form of attentional orienting toward threat-relevant targets. A
threatening or neutral target was presented after a non-predictive gaze or an arrow cue. In Experiment
1, reaction times indicated that eye gaze and arrow cues triggered different attention orienting towards
threatening targets, which was confirmed by target-elicited P3b latency in Experiment 2. Specifically,
for targets preceded by arrow and gaze cues, P3b peak latency was shorter for neutral targets than
threatening targets. However, the latency differences were significantly smaller for gaze cues than for
arrow cues. Moreover, target-elicited N2 amplitude indicated a significantly stronger cue validity
effect of eye gaze than that of arrows. These findings suggest that eye gaze uniquely triggers spatial
attention orienting to socially threatening information.

Keywords: eye gaze; arrow; gaze cueing effect; attention orienting; threat-relevant targets

1. Introduction

During interpersonal communication, humans often use non-verbal signals, such
as eye gaze, to convey intentions. Since gaze direction may indicate upcoming events at
certain locations, one can infer others’ mental states from their gaze [1,2]. The gaze direction
of others triggers gaze-following behavior of the observers and aligns spatial attention, that
is, gaze direction facilitates joint attention [3–5]. Humans appear to be sensitive to eye gaze
cues already in infancy, which may foster the development of joint attention [6–8].

People usually direct their attention to the locations gazed at by others, which facili-
tates the detection and processing of stimuli at that location. This is the basis of the gaze
cueing effect, which has been widely investigated in the framework of Posner’s central
cueing paradigm [9]. In this paradigm, eye gaze cues (i.e., eyes looking to the left or right)
are presented at a (central) fixation marker; after an interval, targets are presented to the
left or right side of the fixation marker. Usually, targets are detected more quickly when
they appear at the cued (gazed-at) location than at the non-cued side. Facilitation by gaze
cueing has been found for both schematic and real faces [10,11] and even if gaze direction
does not validly predict target location [12]. These findings indicate that eye gaze is a
strong attention cue, which automatically directs the observer’s attention towards the
cued location.

Some researchers consider eye gaze as a unique social cue for attention and have
demonstrated different neural mechanisms for attention orienting triggered by social gaze
cues and non-social arrow cues [13–19], since gaze cues can facilitate joint attention. For
example, Friesen et al. [15] used a central cueing paradigm to test the differences in attention
orienting triggered by eye gaze and arrow cues. When a target was presented at the cued
location with very low probability (cue predictiveness = 8%), eye gaze cues triggered
attention orienting towards the cued location nevertheless; because this finding was not
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replicated by arrow cues, eye gaze-cued attention seems to be strongly reflex-like. In an
event-related potential (ERP) study by Hietanen et al. [16], an early directing attention
negativity was observed at 220–260 ms after the onset of arrow cues but not after gaze cues,
suggesting that the attention orienting triggered by arrow cues was more voluntary and less
reflexive than when triggered by gaze cues. Similarly, Langdon and Smith [17] found that
reaction times (RTs) to targets preceded by invalid cues were significantly slower than to
targets preceded by non-directional neutral cues in the gaze cue condition but did not differ
in the arrow cue condition. These results suggest that gaze cues trigger stronger and longer
reflexive attention orienting than arrow cues, possibly based on distinct mechanisms.

However, there is also evidence for similar attention mechanisms triggered by eye gaze
and arrow cues [12,20–23]. For instance, Tipples [12] instructed participants to discriminate
target letters in an arrow cueing paradigm and found that at cue-target intervals of 100
and 300 ms, non-predictive arrow cues also produced automatic orienting to the cued
location. Brignani et al. [23] compared attention shifts induced by arrow and eye gaze
cues with a purely endogenous cue, that is, a texture indicating target location. Their
behavioral results showed a validity effect of texture cues only at a long stimulus-onset-
asynchrony (SOA) of 700 ms; validity effects for arrow and gaze cues were present but
indistinguishable at SOAs as short as 100 ms. Most importantly, functional microstate
analysis showed similar topographical cortical maps for gaze and arrow cues, suggesting
that similar cortical networks were involved (also see Tipper et al. [24]).

Recently, growing evidence has shown the uniqueness of eye gaze, compared to arrow
cues. For instance, studies have found that gaze directs attention to specific locations,
whereas arrows direct attention into a more general direction, spreading to the whole object
in this direction [25,26]. Affective contexts are also shown to modulate the gaze cueing
effect [27–29]. Dalmaso et al. [30] reviewed studies about affective contexts and concluded
that social variables, such as the characteristics of participants or facially expressed emo-
tions, could shape gaze-triggered attention orienting. Moreover, by adopting a spatial
compatibility paradigm with gaze and arrows as targets, Marotta et al. [31] found standard
spatial congruency effects for arrow cues; that is, faster responses to arrow targets when
their location was compatible with their direction. However, a reversed congruency effect
was observed for eye gaze cues. In their follow-up ERP study, Marotta et al. [32] found
shared and dissociable congruency modulations for eye gaze and arrows. Specifically,
they found similar effects for eye gaze and arrows at early processing stages (P1 and N1
components), whereas at later stages (N2 and P3 components) eye gaze and arrows showed
opposite effects, underscoring the social characteristics of eye gaze.

Based on the previous findings, it seems eye gaze is unique to socially relevant infor-
mation. For the gaze- and arrow-triggered orienting of attention, most previous studies
focused only on the characteristics of the cue, e.g., affective contexts (such as emotional
cues), experimental settings (such as SOA), and so on (for reviews see Dalmaso et al. [30]
and Mckay et al. [5]). However, attention oriented by gaze and arrow cues always ends
up with target processing and it is plausible that target characteristics might interact with
the attention oriented by eye gaze or arrow cues [29,33,34]. For instance, by using (social)
voice or (non-social) pure tones as targets, Zhao et al. [34] found that gaze cues induced
stronger attention orienting to voice versus tone targets, compared with arrow cues. Their
results indicate different attention orienting effects on targets when triggered by gaze or
arrow cues, especially when cues and targets have congruent social meanings. However,
voice targets, as used by Zhao et al. [34], can be affected by the individual experience,
such as target interest. Among different social meanings, threatening information may be
more salient and stable, because it may be more biologically grounded [35,36]. A study
has also shown that threatening priming could enhance the gaze cueing effect but not the
arrow cueing effect [37]. Thus, in the present study, threatening and neutral objects were
used as targets. Moreover, previous studies examining the different attention orienting
triggered by gaze and arrow cues adopted trial-by-trial or blocked designs, which might
have different effects on the gaze and arrow cueing effect. Therefore, in the present study,
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we adopted randomized and blocked designs in Experiment 1 and 2, respectively, to explore
the influence of experimental design on gaze- and arrow-triggered attention orienting.

The present study investigated whether eye gaze and arrow cues can trigger different
forms of attention orienting. Moreover, we asked whether there is a unique form of attention
orienting toward threat-relevant targets. In order to elucidate the neural correlates of spatial
cueing, we also recorded ERPs in Experiment 2. In two experiments, size-standardized
images of threatening or neutral objects were used as targets, to be judged in terms of their
natural size relative to a fixed standard volume (a shoe box). Compared to the simple
location detection tasks that are widely used in previous studies, this task requires the
activation of conceptual, semantic properties of the object stored in long-term memory [38].
This task also requires the processing of target characteristics (threatening information),
and has been used in studies of object recognition [39,40] and eye gaze cueing effects [29].
To further improve the ecological validity of the present research, dynamic eye gaze was
adopted for the eye cues [27,41], that is, an initial direct eye gaze of the cue face was followed
by a gaze shift to the left or right. A similar procedure was applied for the arrow cues.

For the behavioral performance, we expected a cueing effect for both gaze and arrow
cues, that is, attention orienting to cued targets should be faster than to uncued targets. In
addition, if the attention orienting process is modulated by the target characteristics, an
interaction between cue type and target type should be observed. That is, compared to the
arrow cues, the gaze cue should induce a stronger attention orienting towards threatening
targets than towards neutral targets.

With respect to ERPs, we were interested in the target-elicited N1, N2, and P3b
components. Specifically, N1 is the first negative deflection, peaking around 100 ms, which
is widely used for indexing early attention allocation in object processing [42–44]. N2 is
the second negativity, which is often observed at anterior and frontocentral locations; it is
related to the discrimination of targets [45,46]. P3b is a long-lasting positivity, approximately
peaking between 300 to 1000 ms after target onset. Previous research suggests that the
magnitude of P3b amplitudes coincides with the threat level induced by images [47].
Moreover, the peak latency of P3b is related to task difficulty [48]. Thus, in the present
study, we expected larger amplitudes after arrow cues than after gaze cues for the target-
elicited N1 [16]. Since previous studies have found that eye gaze cues trigger stronger
reflexive attention orienting relative to arrow cues [18], we expected larger amplitudes for
the target-elicited N2 in validly than in invalidly cued trials [45,46]; this cue validity effect
should be stronger when targets are preceded by eye gaze rather than arrow cues. For the
target-elicited P3b, considering that responses to threatening targets are usually faster than
to neutral targets [36,47,49], we expected earlier P3b peak latencies for threatening targets
compared to neutral targets. Furthermore, significant modulation of attentional orienting
on target processing should be expected at this stage. Compared to the arrow cues, the
gaze cues should induce an earlier peak latency of P3b towards threatening targets than
towards neutral targets.

2. Experiment 1
2.1. Methods
2.1.1. Participants

A sample size calculation conducted using G*Power [50] revealed that to at least detect
a significant interaction with effect size of η2

p = 0.275 (α = 0.05, 1 − β = 0.80), a sample
of 23 participants was required. The expected effect size was taken from Zhao et al. [34],
in which the independent variables and experimental design were similar to ours. In the
present study, twenty-four healthy college students (15 females; mean age = 20.63 years,
SD = 1.95, range = 19 to 25 years) from Sun Yat-sen University, Guangzhou, participated
in the experiment. They reported no history of neurological or psychiatric disorders and
had normal or corrected-to-normal vision. Participants signed informed consent and were
paid 20 RMB. The study was approved by the Ethics Committee of the Department of
Psychology, Sun Yat-sen University.
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2.1.2. Stimuli

Portraits of 10 individuals with neutral expressions were selected from the Radboud
Face Database [51]. Each picture was cropped by an elliptical frame of 6◦ × 8◦ to exclude
hair, clothing, and background information, using Adobe Photoshop CC (San Jose, CA,
USA). There were three versions of each portrait: looking straight ahead, to the left, and to
the right (see Figure 1a). For the gaze-cue condition, the change in gaze direction was used
as a spatial cue. For the arrow-cue condition, a horizontal arrow with the same length as
the distance between the two pupils was used, with the arrowhead at one side and the tail
at the other (see Figure 1b).
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Figure 1. Illustration of the stimuli in the experiment. We used gaze (a) and arrow (b) stimuli as cues,
and threatening objects (c) and neutral objects (d) as targets.

Pictures of 64 objects were obtained from Weldon and Roediger [52] and Internet
sources. Another group of 27 raters classified each object as either neutral or threatening
(binary), rated the level of arousal for each object on a 5-point Likert scale (1 = no arousal,
5 = highest arousal level), and judged whether or not in reality the depicted object would fit
inside a box placed visibly next to the screen. Sixteen threatening and 16 non-threatening
objects were selected: threatening objects such as a gun, a sword, a knife, etc., and neutral
objects including a chair, a table, a book, etc. (see Figure 1c,d). The list of all objects used is
provided in Appendix A. The arousal level was significantly higher for threatening than
for neutral objects (M = 3.97 vs. 2.27, SD = 0.38 vs. 0.17), t (30) = 16.31, p < 0.001.

2.1.3. Design and Procedure

The experiment was controlled by E-prime 2.0 software (http://www.pstnet.com/,
Sharpsburg, PA, USA, accessed on 1 October 2015). Participants sat in front of a 23-inch
monitor (1920 × 1080; 60 Hz) at a distance of 60 cm. A box sized 15 × 25 × 35 cm was placed
next to the screen in sight of the participant. Prior to the experiment proper, participants
judged whether each object would fit inside the box and received feedback.

The trial scheme is shown in Figure 2. Each trial started with a fixation cross (1◦

of visual angle) presented at the center of the screen for 500 ms. The fixation cross was
replaced either by a face (6◦ × 8◦ of visual angle) with direct eye gaze or by a horizontal
line, presented for 800 ms. Then, the face shifted its gaze direction from direct to left or
right averted and a left- or right-pointing arrowhead (plus corresponding tail) was added
to the horizontal line. To avoid the possible overlap of cue-offset and target-elicited ERPs,
the cue stimuli remained on the screen until the end of target presentation. Targets were
presented 200 ms after cue onset, with equal probability, at the left or right side of the

http://www.pstnet.com/
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cue at an eccentricity of 6◦ (screen center to object center) and covering visual angles of
8◦ × 6◦ (width × height). After another 200 ms, both cue and target disappeared. Partic-
ipants were required to judge whether or not in reality the depicted target object would
fit inside the box and were advised to fixate on the center of the screen and avoid any
horizontal or vertical eye movements during the trial. The next trial started 1400, 1500,
1600, 1700, or 1800 ms after target offset, with intervals selected at random and equiproba-
bly. The experiment consisted of 10 blocks with 64 trials each. The eight conditions were
equally assigned to each block, that is, both eye gaze and arrow cues were used in each
block (within-block design). In addition, there were 16 practice trials. Thus, the present
experiment employed a within-participant design with factors Cue type, Cue validity, and
Target type.
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cue trial).

2.1.4. Data Analysis

Reaction times (RTs) and accuracy rates (ACC) were calculated separately for each
experimental condition. Only RTs of correct responses between 100 and 1500 ms were
included in the analysis, which led to the removal of 943 trials. In addition, RTs exceeding
± 2.5 SD of each participant’s mean RT were removed as outliers (1409 trials). Thus,
13,008 trials (85% of all trials) remained in the final data set, which yielded nearly 70 trials
for each condition and each participant. ACC was the percentage of correct responses in the
size classification task. Analyses of variance (ANOVAs) were calculated separately for RTs
and ACC, including within-participant factors Cue type (arrow vs. eye gaze), Cue validity
(valid vs. invalid), and Target type (threatening vs. neutral). All post-hoc comparisons
were Bonferroni-corrected.

2.2. Results

Table 1 shows the behavioral performance in Experiment 1. To test whether gaze cue
triggered a unique attention orienting to socially threatening targets, we ran ANOVAs
with factors Cue type (arrow vs. eye gaze), Cue validity (valid vs. invalid), and Target
type (threatening vs. neutral). For RTs, ANOVA revealed a significant main effect of Cue
validity [F(1,23) = 20.53, p < 0.001, η2

p = 0.47], indicating that RTs to validly cued targets
were shorter than to invalidly cued targets (M = 607 vs. 616 ms, SE = 12.09 vs. 11.88).
The main effect of Target type was also significant [F(1,23) = 33.80, p < 0.001, η2

p = 0.60],
suggesting faster responses to neutral than to threatening targets (M = 600 vs. 624 ms,
SE = 11.95 vs. 12.29). Although there was no three-way interaction of Cue type, Cue
validity and Target type [F(1,23) = 0.27, p = 0.611], the two-way interaction between Cue
type and Cue validity was significant [F(1,23) = 7.03, p = 0.014, η2

p = 0.23]. Further analyses
showed a cue validity effect in the arrow condition (M = 604 vs. 618 ms, SE = 12.04 vs.
12.37) [t(23) = 5.22, p < 0.001], but not in the eye gaze condition (M = 611 vs. 614 ms,
SE = 12.50 vs. 11.75) [t(23) = 0.86, p = 0.396] (see Figure 3a).
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Table 1. Mean RTs and ACC in Experiment 1.

Cue Type Cue Validity Target Type RT (ms) ACC (%)
M SE M SE

Arrow cue
valid

threatening 616 11.94 91.4 1.14
neutral 592 12.54 96.6 0.62

invalid
threatening 636 13.43 91.8 0.82

neutral 601 12.01 96.5 0.64

Gaze cue
valid

threatening 618 12.96 92.0 1.15
neutral 604 12.51 96.6 0.86

invalid
threatening 624 12.27 92.7 0.98

neutral 603 11.89 96.9 0.51Brain Sci. 2022, 12, 1133 7 of 20 
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In addition, the interaction between Cue type and Target type was significant
[F(1,23) = 9.66, p < 0.005, η2

p = 0.30]. Follow-up analyses showed that RTs to threatening
targets were significantly longer than to neutral targets; this was the case after both eye
gaze cues (M = 626 vs. 596 ms, SE = 12.54 vs. 12.13) [t(23) = 6.59, p < 0.001] as well as
arrow cues (M = 621 vs. 604 ms, SE = 12.38 vs. 12.11) [t(23) = 3.91, p = 0.001]. However,
the difference in RTs between the threatening and neutral targets was significantly
smaller in the eye gaze than in the arrow condition (Mdiff = 18 vs. 30 ms, SE = 4.55 vs.
4.54) [t(23) = 3.11, p = 0.005], suggesting different attention orienting processes triggered
by eye gaze and arrow cues (see Figure 3b).

Moreover, the interaction between Cue validity and Target type was significant
[F(1,23) = 5.47, p = 0.028, η2

p = 0.19]. Further analyses revealed a cue validity effect
(valid vs. invalid) for both threatening targets (M = 617 vs. 630 ms, SE = 12.24 vs. 12.56)
[t(23) = 4.03, p = 0.001] and neutral targets (M = 598 vs. 602 ms, SE = 12.32 vs. 11.66) [t(23)
= 2.12, p = 0.045]; however, the cue validity effect was significantly larger for threatening
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than for neutral targets (Mdiff = 13 vs. 4 ms, SE = 3.23 vs. 1.97) [t(23) = 2.34, p = 0.028]
(see Figure 3c).

For ACC, there was a significant main effect of Target type [F(1,23) = 63.28,
p < 0.001, η2

p = 0.73], indicating that ACC for neutral targets was significantly higher
than for threatening targets (M = 96.7 vs. 92.0%, SEs = 0.01). Neither the three-way in-
teraction [F(1,23) = 0.01, p = 0.922] nor any of the two-way interactions [Cue type × Cue
validity: F(1,23) = 0.31, p = 0.582; Cue type × Target type: F(1,23) = 0.90, p = 0.353; Cue
validity × Target type: F(1,23) = 0.31, p = 0.583] were significant.

2.3. Discussion

In Experiment 1, we investigated whether gaze cues triggered a unique attention
orienting compared to arrow cues, especially when they were directed towards socially
threatening targets. Although responses to threatening targets were significantly slower
than to neutral targets after both eye gaze and arrow cues, this effect was significantly
smaller in the eye gaze cue condition than in the arrow cue condition. Moreover, although
a significant overall cue validity effect was observed for the size classification of both
threatening and neutral targets, this effect was stronger for threatening than neutral targets.

However, it should be noted that we did not find a significant gaze-specific cueing
effect (interaction of Cue type × validity or Cue type × target type) in Experiment 1,
which may be due to the randomized design mixing the effect of gaze cue and arrow cue
and precluding cue-specific preparatory or attentional strategies. Thus, in an attempt to
dissociate the effect of gaze and arrow cues, we adopted a block design in Experiment
2, allowing for the adoption of more specific preparation and expectation processes with
respect to the targets, based on the type of cue. Moreover, to determine the neural correlates
of gaze and arrow cues for threatening as compared to neutral targets, we recorded ERPs
in Experiment 2. In contrast to Experiment 1, we expected more pronounced processing of
threat-related targets on the behavioral level or at least on the neural level.

3. Experiment 2
3.1. Methods
3.1.1. Participants

A sample size calculation conducted using G*Power [50] revealed that to at least
detect a significant interaction with effect size of η2

p = 0.23 (taken from Zhao et al. [34],
α = 0.05, 1 − β = 0.80), a sample of 29 participants was required. Considering that
highly noisy ERP data had to be excluded, in the present study, forty healthy college
students from Sun Yat-sen University, Guangzhou, were recruited. Data of ten individuals
were excluded because of excessive (>25%) EEG artifacts. Hence, data of 30 participants
(18 females; mean age = 19.4 years, SD = 1.38, range = 18 to 25 years) entered the final
analysis. They reported no history of neurological or psychiatric disorders and had
normal or corrected-to-normal vision. Participants signed informed consent and were
paid 60 RMB. The study was approved by the Ethics Committee of the Department of
Psychology, Sun Yat-sen University.

3.1.2. Stimuli

The stimuli used in this experiment were the same as in Experiment 1.

3.1.3. Design and Procedure

In Experiment 2, a within-participants design with factors Cue type (eye gaze vs.
arrow), Cue validity (valid vs. invalid), and Target type (threatening vs. neutral) was
adopted. Eye gaze cue and arrow cue conditions were implemented in separate blocks
(between-block design), that is, only one type of cue was used in each block. There were six
eye gaze cue blocks and six arrow cue blocks with 80 trials in each block. The trial sequence
of Experiment 2 was the same as Experiment 1 (see Figure 2).
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3.1.4. Electroencephalogram (EEG) Recording and Preprocessing

The EEG was recorded from 64 Ag-AgCl electrodes mounted in an elastic cap (Easy
Cap, Woerthsee-Etterschlag, Germany) with a NeuroScan SynAmps2 Amplifier (Scan 4.5,
Neurosoft Labs, Inc., Sterling, VA, USA). A left earlobe electrode was used as an online
reference. The ground electrode was located on the forehead. Vertical eye movements were
monitored with an electrode below the right eye. Horizontal eye movements were recorded
with two electrodes placed at the outer canthi of each eye. Electrode impedance was kept
below 5 kΩ for all electrodes. Online recordings were band pass filtered at 0.05–100 Hz
(12 dB/oct, 40 dB/dec) and sampled at 500 Hz. During the experiment, participants were
instructed to maintain fixation at the center of the monitor and not to make horizontal eye
movements.

The offline analysis of EEG data was performed using Matlab R2016b (Natick, MA,
USA, accessed on 1 May 2019) and eeglab14.1.2b (https://www.mathworks.com/, La Jolla,
CA, USA, accessed on 15 March 2004). First, all scalp electrodes were re-referenced to the
average of left and right earlobes. Then an infomax independent component analysis (ICA)
algorithm [53] was applied for correcting eye movement artifacts. The SASICA plugin
with ADJUST was used to identify the artifact component. Furthermore, considering the
strongly different stimuli that will turn into cues (lines without arrow head vs. face with
direct gaze), we chose a 200 ms baseline preceding these stimuli (−1000 to −800 ms prior
to the cues and −1200 to −1000 ms prior to the targets; Figure 4) for both cue-elicited and
target-elicited ERPs; EEG signal epochs ended 800 ms after the onset of the target stimuli.
Finally, trials with voltages exceeding ±100 µV were excluded from ERP averages. The
average artifact rejection rate was 7.3% of all trials (range 0 to 19.0%, remaining trials in each
experimental condition: 84–120 trials). ERPs to eye gaze and arrow cues, and threatening
and neutral targets were averaged separately for each participant.
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corresponding to the 200 ms before the onsets of the horizontal line and face with direct gaze.

3.1.5. Data Analysis

Behavioral data analysis was conducted in the same way as in Experiment 1. For RTs,
26,282 trials (91% of all trials) remained in the final data set, which yielded nearly 110 trials
for each condition and each participant.

For the ERPs elicited by cue stimuli, the mean amplitudes of N1 were measured in the
time window of 150–220 ms after cue onset at electrodes PO3 and PO4, as suggested by

https://www.mathworks.com/
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previous studies [54,55]. Mean amplitudes were analyzed using ANOVAs with repeated
measures on factors Cue type (eye gaze vs. arrow) and Hemisphere (left vs. right).

For the ERPs elicited by target stimuli, the mean amplitudes of N1 (110–220 ms) and N2
(280–380 ms) and the peak latency of P3b (450–700 ms) were analyzed. N1 was measured
at electrodes F1 and F2, as suggested by previous studies [56,57], and N2 was measured
at electrodes FC1 and FC2 [46]. Peak latency of P3b was computed for the centro-parietal
electrodes CP1 and CP2 as suggested by Miller and Martin [47]. Target-elicited ERPs were
analyzed using repeated measures ANOVAs with factors Cue type (eye gaze vs. arrow),
Cue validity (valid vs. invalid), Target type (threatening vs. neutral), and Hemisphere
(left vs. right). If necessary, the Greenhouse-Geisser method was adopted to correct
degrees of freedom. In addition, Bonferroni corrections were used for post-hoc pair-wise
comparisons and simple effects.

3.2. Results
3.2.1. Behavioral Performance

To test whether gaze cue triggered a unique attention orienting to socially threatening
targets, we ran an ANOVA with factors Cue type (arrow vs. eye gaze), Cue validity
(valid vs. invalid), and Target type (threatening vs. neutral). For RTs, ANOVA revealed
a significant main effect of Cue type [F(1,29) = 10.99, p = 0.002, η2

p = 0.28], indicating
slower responses to target stimuli preceded by eye gaze cues as compared to arrow cues
(M = 620 vs. 602 ms, SE = 11.61 vs. 9.89). The main effect of Cue validity was significant
[F(1,29) = 6.32, p = 0.018, η2

p = 0.18], indicating faster responses to validly than to invalidly
cued targets (M = 609 vs. 613 ms, SE = 10.38 vs. 10.52). In addition, there was a strong main
effect of Target type [F(1,29) = 77.43, p < 0.001, η2

p = 0.73] since responses to threatening
targets were slower than to neutral targets (M = 628 vs. 593 ms, SE = 10.99 vs. 10.22).
Neither the three-way interaction [F(1,29) = 0.38, p = 0.540] nor any two-way interactions
[Cue type × Cue validity: F(1,29) = 0.05, p = 0.821; Cue type × Target type: F(1,29) = 0.06,
p = 0.816; Cue validity × Target type: F(1,29) = 0.08, p = 0.785] were significant.

For ACC, there was a significant main effect of Target type [F(1,29) = 41.20, p < 0.001,
η2

p = 0.59], indicating that ACC for neutral targets was significantly higher than for threaten-
ing targets (M = 96.9 vs. 92.2%; SE = 0.004 vs. 0.01). We also found a significant interaction
between Cue validity and Target type [F(1,29) = 5.10, p = 0.032, η2

p = 0.15]. Further analyses
showed that for threatening targets, ACC was significantly higher in the valid than in the
invalid cue condition (M = 92.5 vs. 91.8%, SEs = 0.01) [t(29) = 3.73, p = 0.032, one-tailed].
By contrast, for neutral targets, there was no significant difference in ACC between the
valid and the invalid cue condition (M = 96.7 vs. 97.0%, SEs = 0.01) [t(29) = 1.50, p = 0.152].
The other two-way interactions [Cue type × Cue validity: F(1,29) = 0.002, p = 0.961; Cue
type × Target type: F(1,29) = 0.64, p = 0.429] and the three-way interaction [F(1,29) = 1.19,
p = 0.284] were not significant.

3.2.2. Cue-Elicited ERPs (N1, 150–220 ms)

The grand-average ERP waveforms of N1 elicited by gaze and arrow cues at PO3 and
PO4 electrodes are shown in Figure 4. To compare the attention orienting triggered by
eye gaze and arrow cues, we ran an ANOVA of cue-elicited N1 amplitudes with factors
Cue type (arrow vs. eye gaze) and Hemisphere (left vs. right). This ANOVA revealed a
significant main effect of Cue type [F(1,29) = 40.39, p < 0.001, η2

p = 0.58] and Hemisphere
[F(1,29) = 10.52, p = 0.003, η2

p = 0.27]. The interaction between Cue type and Hemisphere
was significant [F(1,29) = 13.95, p = 0.001, η2

p = 0.32]. Further analyses showed that N1
amplitude was more negative to arrow than gaze cues at both PO3 and PO4 electrodes
[PO3: F(1,29) = 40.33, p < 0.001; PO4: F(1,29) = 34.76, p < 0.001]. This Cue type effect was
significantly larger at electrode PO3 than PO4 [t(29) = 3.73, p = 0.001].
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3.2.3. Target-Elicited ERPs

To investigate the underlying neural mechanism in gaze- and arrow- triggered at-
tention orienting toward socially threatening targets, we ran ANOVAs separately for the
interested components, namely, the mean amplitudes of the N1 and N2, and the peak
latencies of P3b. Figure 5 shows the grand-average ERPs to targets for each experimental
condition at electrodes that highlight the N1, N2, and P3b components. The mean ampli-
tudes of the N1 and N2, the peak latencies of P3b, and their standard errors can be seen
in Figure 6.
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Figure 5. Grand-average target-synchronized ERP waveforms at selected electrodes for each experi-
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and P3b (electrodes CP1, CP2, right) components. Time zero on the x-axis corresponds to target
stimulus onset. The topographies beneath the waveforms show the gaze or arrow cue validity effect
(valid–invalid) to threatening and neutral targets, respectively.
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Figure 6. Average amplitudes and standard errors of the target-elicited (a) N1 (110–220 ms), (b) N2
(280–380 ms). (c,d) Mean peak latency and standard errors of the target-elicited P3b (450–700 ms)
for the interactions of (c) Cue type and Cue validity and (d) Cue type and Target type. * p < 0.05.
*** p < 0.001.

N1 (110–220 ms)
ANOVA of N1 mean amplitudes was conducted with factors Cue type (arrow vs.

eye gaze), Cue validity (valid vs. invalid), Target type (threatening vs. neutral), and
Hemisphere (left vs. right). This ANOVA showed a significant interaction between Cue
type and Cue validity [F(1,29) = 5.02, p = 0.033, η2

p = 0.15] (see Figure 6a). Follow-up
analyses showed that N1 amplitude to targets following invalid arrow cues was more
negative than following invalid gaze cues (M = −3.60 vs. −2.72 µV, SE = 0.78 vs. 0.65)
[t(29) = 2.08, p = 0.047], indicating that attention is easier to allocate during the re-orienting
process after arrow cues than after gaze cues. However, for targets preceded by valid cues,
no significant difference in N1 amplitude was observed between gaze and arrow cues. No
other significant main effect or interaction was found.

N2 (280–380 ms)
For N2, ANOVA was conducted with factors Cue type (arrow vs. eye gaze), Cue

validity (valid vs. invalid), Target type (threatening vs. neutral), and Hemisphere (left
vs. right). The N2 amplitude was more negative to targets preceded by gaze cues than
arrow cues (M = −2.89 vs. −2.01 µV, SE = 0.65 vs. 0.74) (see Figure 6b), as confirmed by
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a significant main effect of Cue type [F(1,29) = 7.92, p = 0.003, η2
p = 0.22]. The main effect

of Cue validity was also significant [F(1,29) = 20.65, p < 0.001, η2
p = 0.42], reflecting more

negative N2 amplitudes to targets preceded by valid than by invalid cues (M = −2.90 vs.
−2.00 µV, SE = 0.68 vs. 0.69).

Furthermore, the interaction between Cue type and Cue validity was significant
[F(1,29) = 8.74, p < 0.001, η2

p = 0.23]. Further analyses showed that N2 amplitude was more
negative to targets preceded by valid than invalid cues; this was the case after both eye
gaze cues (M = −3.54 vs. −2.26 µV, SE = 0.66 vs. 0.66) [t(29) = 5.39, p < 0.001] and arrow
cues (M = −2.27 vs. −1.75 µV, SE = 0.74 vs. 0.75) [t(29) = 2.20, p = 0.036]. However, the cue
validity effect was significantly stronger when targets were preceded by gaze cues than by
arrow cues [t(29) = −2.96, p = 0.006].

Moreover, the interaction between Cue type, Cue validity, Target type and Hemisphere
was significant [F(1,29) = 7.33, p = 0.011, η2

p = 0.20]. Further analyses showed a significant
three-way interaction between Cue validity, Target type, and Hemisphere for gaze cues
[F(1,29) = 6.19, p = 0.019, η2

p = 0.18], but not for arrow cues [F(1,29) = 0.95, p = 0.337],
indicating that a stronger cue validity effect was observed for gaze cues than arrow cues. For
gaze cues, follow-up analysis showed a significant Cue validity by Hemisphere interaction
only for neutral targets [F(1,29) = 4.41, p = 0.045, η2

p = 0.13], indicating that a reliable cue
validity effect was found at the left hemisphere.

P3b (450–700 ms)
ANOVA of P3b peak latency was conducted with factors Cue type (arrow vs. eye gaze),

Cue validity (valid vs. invalid), Target type (threatening vs. neutral), and Hemisphere (left
vs. right). This ANOVA showed a significant main effect of Target type [F(1,29) = 41.68,
p < 0.001, η2

p = 0.59], revealing that P3b latency was shorter for neutral targets than threat-
ening targets (M = 549.88 vs. 572.66 ms, SE = 6.05 vs. 5.97).

Furthermore, the interaction between Cue type and Cue validity was significant
[F(1,29) = 5.66, p = 0.024, η2

p = 0.16] (see Figure 6c). Follow-up analyses showed that for
invalidly cued targets, there was a trend for P3b latency to be shorter in gaze cue than
arrow cue conditions [M = 558.48 vs. 568.25 ms, SE = 5.41 vs. 7.24, t(29) = 1.81, p = 0.081].
By contrast, for targets preceded by valid cues, no significant difference in P3b latency was
observed between gaze and arrow cue conditions [M = 559.03 vs. 559.30 ms, SE = 6.00 vs.
6.82, t(29) = 0.07, p = 0.943].

The interaction between Cue type and Target type was also significant [F(1,29) = 6.30,
p = 0.018, η2

p = 0.18] (see Figure 6d). Further analyses showed that for targets preceded
by arrow cues and gaze cues, P3b latency was shorter for neutral targets than threatening
targets [arrow cue: M = 549.55 vs. 578.00 ms, SE = 7.12 vs. 7.47, t(29) = 5.81, p < 0.001;
gaze cue: M = 550.20 vs. 567.32 ms, SE = 5.53 vs. 5.47, t(29) = 5.14, p < 0.001]. However,
the latency differences between neutral and threatening targets were significantly larger
for arrow cues than for gaze cues [M = 28.45 vs. 17.12 ms, SE = 4.90 vs. 3.33, t(29) = 2.51,
p = 0.018], indicating that gaze cues facilitate the processing of threatening targets relative
to arrow cues. On the other hand, for threatening targets, there was a trend for P3b latency
to be shorter for gaze cues than arrow cues [M = 567.32 vs. 578.25 ms, SE = 5.45 vs. 7.47,
t(29) = 1.98, p = 0.057]. By contrast, for neutral targets, no significant difference in P3b
latency was observed between gaze and arrow cues.

3.3. Discussion

In Experiment 2, accuracy showed a significant interaction between Cue validity and
Target type. That is, ACC in the valid cue condition was significantly higher than in the
invalid cue condition for threatening targets but not for neutral targets, indicating that
valid cues facilitate size classification especially for threatening targets. In addition, slower
reaction times and lower ACC were found for threatening targets than for neutral targets in
both experiments, indicating that participants require more time to judge the real-life size
for threatening than for neutral targets. The ERPs of Experiment 2 showed that arrow and
gaze cues activated different neural mechanisms of attentional orienting at both early (N1)
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and late (N2 and P3b) stages of target processing. The amplitude of the target-elicited N1
was more negative following invalid arrow cues than following invalid gaze cues, although
the N1 amplitude to targets was the same after both arrow and gaze cues in response to
validly cued targets (ruling out low-level stimulus effects). These results suggest that the
direction information in arrow cues could be harder to disengage than that in gaze cues.
Moreover, target-elicited P3b showed that eye gaze cues diminished the difference in P3b
latency between threatening and neutral targets, indicating that gaze cues facilitate the
processing of threatening targets relative to arrow cues. Interestingly, this facilitation by
eye gaze appeared to be general and independent of the validity of the cues. Thus, the
facilitation may come from seeing eye gaze cues as compared to arrow cues.

4. General Discussion

The purpose of the present study was to investigate the effect of gaze-triggered, rel-
ative to arrow-triggered, attention orienting on the processing of threat-relevant targets.
In Experiment 1, behavioral results showed that responses to threatening targets were
significantly slower than neutral targets; this was the case after both eye gaze cues and
arrow cues. However, the difference in RTs between the threatening and neutral targets
was significantly smaller in the eye gaze cue than in the arrow cue condition. Similarly, in
Experiment 2, a significant interaction between Cue type and Target type was observed
for the peak latency of target-elicited P3b (450–700 ms). The P3b latency elicited by threat-
ening targets was shorter after gaze cues than after arrow cues. These results indicate
that compared to arrows, eye gaze triggers a unique spatial orientation towards socially
threatening targets, based on the access to object knowledge [38]. Moreover, in line with
Experiment 1, behavioral results in Experiment 2 showed slower reaction times and lower
ACC for threatening than for neutral objects. Here, a significant interaction between Cue
validity and Target type was observed for ACC instead of RTs. That is, ACC in the valid
cue condition was significantly higher than in the invalid cue condition; this was the case
for threatening targets but not for neutral targets, indicating that valid cues could facilitate
processing especially for threatening targets.

Although RTs or ACC did not indicate a differential effect of Cue type on Cue validity
or Target type, the ERP findings revealed such an effect. In the ERPs of Experiment 2,
cue-elicited and target-elicited ERPs showed that compared to arrow cues, eye gaze cues
trigger different attention orienting towards upcoming targets. The cue-elicited N1 was
larger for arrow than for eye gaze cues, which is inconsistent with our expectation. This
result might be due to possible interference between the target objects and the eyes because
they both share social characteristics. This interfered attention allocation might render the
gaze cues less effective than arrow cues. Similarly, for target-elicited ERPs, different ERP
results for eye gaze cues and arrow cues were observed both at early and late stages, as
manifested in the N1 (110–220 ms), N2 (280–380 ms), and P3b (450–700 ms) components.

Firstly, our results suggest that attention could be easier to reallocate towards new
locations after arrow cues than after gaze cues. In the invalid cue condition, the amplitude
of the target-elicited N1 (110–220 ms) was larger to target stimuli preceded by arrow cues
as compared to gaze cues. By contrast, such a cue-related difference in N1 amplitude was
not present in the valid cue condition. These results indicate that both arrow and gaze cues
can direct attention to targets efficiently during an early stage [23]; however, it is easier
to shift attention towards a new spatial location when it is oriented by an arrow cue as
compared to a gaze cue, which is consistent with previous studies [16,58]. There is also
evidence showing that arrow cues are related to voluntary orienting whereas eye gaze cues
are more related to reflexive orienting [16,59].

Secondly, our results showed that eye gaze cues could facilitate the identification of
targets, especially of validly cued targets, as compared to arrow cues. For the target-elicited
N2 waveforms (280–380 ms), ERP results revealed a significant interaction between Cue
type and Cue validity. Larger N2 amplitudes were observed for targets preceded by valid
cues than by invalid cues, echoing the main effect of validity in RTs, which were shorter in
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the valid cue condition than in the invalid cue condition. Importantly, the validity effect on
N2 amplitude was significantly stronger in the eye gaze cue condition than in the arrow
cue condition, an interaction that was not present in performance. Previous studies have
shown that the N2 component observed at anterior and frontocentral locations is related to
the identification of targets [45,46]. Therefore, the present ERP results suggest that valid
cues facilitate object identification and processing, and this effect is more pronounced
for social eye gaze cues. Considering that our task requires the access to conceptual
knowledge about targets, the eye gaze cue seems to facilitate target knowledge retrieval
and semantic processing. These findings are consistent with previous findings that gaze
triggers stronger attentional orienting than arrows and facilitates the identification and
processing of upcoming stimuli [10,15,18]. From an ecological perspective, the attentional
orienting of eye gaze conveys important information for survival; hence, the identification
and processing of upcoming targets cued by eye gaze may be evolutionarily prepared.

Finally, our results suggest that eye gaze cues are especially effective for late processing
stages and facilitate the classification of threatening targets at late stages. There was a
trend that P3b (450–750 ms) latency was shorter for gaze cues than arrow cues; this was the
case in the invalid cue condition but not in the valid cue condition. These results indicate
that gaze cues always facilitate the processing of targets even if the gaze cues are invalid.
Compared to our N1 results, indicating that arrow cues could be more efficient in shifting
attention towards new spatial locations, the P3b latency results indicate that gaze cues are
especially effective for late processing stages. Although it might be more difficult for gaze
cues to shift attention, it was easier to process and classify target size once the attention
re-orienting was accomplished by gaze cues as compared to arrow cues.

For the peak latency of target-elicited P3b (450–700 ms), a significant interaction
between Cue type and Target type was observed. P3b latency was shorter for neutral
than for threatening targets in both arrow and gaze cue conditions. However, the latency
differences between neutral and threatening targets were significantly smaller for eye gaze
cues than for arrow cues. Hence, P3b latency elicited by threatening targets is shorter after
gaze cues. P3b responses are generally considered not only to reflect the threat level of
images [47] but also the classification speed of stimuli, with shorter latencies for easier
and faster classification [60–62]. Therefore, our results suggest that gaze cues facilitate
the classification of threatening objects. Specifically, for both arrow and gaze cues, the
negative threatening targets elicited longer P3b latency compared to neutral targets, which
might be related to their slower and less accurate classification performance. However,
the classification of threatening targets was facilitated by social gaze cues, suggesting that
relative to arrow cues, gaze cues might facilitate the recognition of threatening targets, but
not neutral targets.

In addition, our P3b results highlight the necessity for taking the characteristics of
targets into account when comparing attention orienting effects induced by social eye
gaze and non-social arrow cues. From an ecological perspective, the fast detection of
potential danger is crucial for human survival. Some studies have also indicated that
gaze cueing effects can be attributed to the evolutionary advantage of detecting predators
or other threats in the environment [63]. Thus, it is plausible that target characteristics
(especially threat-relevant targets) can affect attention orienting induced by gaze and arrow
cues. However, as far as we know, few studies have focused on the influence of target
characteristics on attention orienting. In our previous study [29], we used a gaze cueing
paradigm and observed larger amplitudes of late positive potential (LPP) when cue and
target were emotionally congruent, i.e., a threatening animal cued by gaze of a fearful face.
This result suggests that target characteristics may influence the effect of attention orienting
of eye gaze and that the contextual congruence between cue and target may enhance the
cueing effect. Thus, the present results further support that eye gaze is a special socially
relevant cue, and the classification of threatening targets is facilitated by attention orienting
triggered by gaze cues.
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It should be noted that in the present study, threatening objects elicited longer RTs
and P3b latencies than neutral targets, not indicating any threat superiority effect. This is
inconsistent with some previous studies [47,49], which might be partly due to the specific
targets used in the present study, line drawings. These targets may be less ecological
compared with the full-color pictures used in other studies [36]. Furthermore, attention
orienting may be affected by the familiarity of targets. Thus, Baskin-Sommers et al. [64]
found that familiar stimuli elicited larger late positive potentials in the ERP than novel
stimuli. Threatening objects (e.g., guns, swords, etc.) are not as often seen or expected
in daily life as neutral objects (e.g., chairs and cups, etc.). Hence, the longer RTs and P3b
latencies for threatening targets could be attributed to their lower familiarity relative to
neutral objects. In addition, the emotional or arousal value of targets may also matter. For
example, Zsido et al. [65] found modern threatening emotional stimuli (guns) were detected
faster than evolutionarily relevant stimuli (snakes); however, this modern threat superiority
effect was only found in stimuli with high but not with moderate arousal levels. Although
in the present study the arousal level felt in response to threatening objects was significantly
higher than for neutral objects, the arousal level for neutral objects was relatively high.
Future studies might investigate whether non-social threats (snakes, spiders, scorpions,
and so on) work differently. In addition, the characteristics of targets need to be further
explored, such as the emotional or semantic information. Moreover, one may use various
targets including social information to study the attention orienting triggered by eye gaze
in special populations, e.g., individuals with autism spectrum disorders.

In the present study, a blocked design was adopted in Experiment 2, while all con-
ditions had been randomized in Experiment 1. By using the same set of stimuli and trial
sequences, our results might shed light on whether the experimental design would affect
the strength of attention orienting triggered by gaze and arrow cues. From the current
results, it seems that the blocked design is a better way to compare the attention orienting
triggered by gaze and arrow cues. Previous studies also found that compared to the in-
termixed design, the blocked design might improve the effect size [25]. Considering the
reduced gaze cueing effect with more demanding tasks [66–68], one possible explanation is
that the trial-by-trial design potentially enhances the attentional demands of the task, be-
cause participants have to shift their attention focus between different perceptual features,
namely the gaze and arrows [69].

As mentioned about the task demands, one might argue that it may reduce the gaze
cueing effect [66–68]. In the present study, although a size classification task rather than a
simple location detection task was adopted, we still found that gaze cues could promote
the processing of upcoming targets, especially for threatening targets. This object size
judgment task was also adopted in the previous eye gaze study, in which a significant
gaze cueing effect was reported [29]. Moreover, our results revealed differential attention
orienting for eye gaze and arrow cues, consistent with previous studies [10,17–19].

In summary, the present study investigated the different orienting mechanisms of eye
gaze and arrows as cues, especially the effect of gaze-triggered orienting on the processing
of threatening targets. Our results support that gaze cues uniquely trigger spatial orienting
to socially relevant information rather than arrow cues, as reflected in both early (N1) and
late (N2 and P3b) stages.
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