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People tend to automatically shift their attention in response to social cues, such as eye gaze—a phenomenon
known as social attentional orienting, which is crucial for adaptive social behaviors and interpersonal commu-
nication. While this ability is genetically influenced and typically stable, the current research shows that it can be
enhanced within a specific social context by dyadic learning. We engaged pairs of participants in a standard gaze-
cuing task, during which they received instant feedback on each other’s performance. Unbeknownst to the
participants, the feedback was designed to create a social context in which the partner appeared to respond to the
cued location faster than the participant. We found that such a social context significantly increased the
magnitude of gaze cuing effect. Importantly, the observed enhancement was not attributable to confounding
factors such as arousal level or overall performance difference, nor to implicit learning from the feedback
structure. Instead, drift-diffusion model analysis suggested that such a social context improved both the initial
attentional orienting process and the sustained allocation of processing resources to the gazed-at location,
resulting in a stronger gaze cuing effect. A subsequent experiment replaced gaze cues with non-social arrow cues
and observed no modulatory effect, underscoring the distinction between social and non-social attentional ori-
enting. The current research provides compelling evidence that social attentional orienting is malleable and
highlights the significant impact of dyadic learning in shaping this capability.

1. Introduction

Being social creatures, humans are always ready to detect the
interactive social partners’ focus of attention via various social signals.
This exquisite ability, known as social attentional orienting, is funda-
mental to social interaction and adaptive functions because it enables us
to learn about others’ inner states and helps us attend to where the
important events occur in the environment (Birmingham & Kingstone,
2009; Nummenmaa & Calder, 2009; Shi et al., 2010). The eye gaze, as
the “window to the soul”, provides the most reliable and salient cue to
other’s direction of attention, serving as a critical source of information
for social attentional behavior (Baron-Cohen, 1995; Emery, 2000; Itier &
Batty, 2009). To characterize the properties of social attentional ori-
enting, Friesen and Kingstone (1998) introduced a central cuing task
modified from the classic Posner cuing paradigm (Posner, 1980). Typi-
cally, a gaze cue is centrally presented and then a target will appear on
either the left or right hemifield of the screen. People generally respond
more quickly when the target appears on the gazed-at hemifield (i.e., the

congruent condition) as compared to the non-gazed-at hemifield (i.e.,
the incongruent condition), reflecting a gaze cuing effect. Accumulating
evidence suggests that social attention, which is distinct from non-social
attention, is predominantly influenced by genetic factors (Wang et al.,
2020), manifests early in life (Zhao et al., 2014), and tends to maintain
general stability in adults (Liu et al., 2021; Prein et al., 2024).

In the past decades, research on social attentional orienting has
proliferated and accumulated influential findings within social cogni-
tion. In most of the pioneering studies, the researchers generally had one
participant conduct a given task each time, i.e., single-participant
measure. However, a vast majority of our day-to-day activities are car-
ried out in the concurrent presence of interactive others, and at the same
time, shaped by such social contexts. Given this, there have been efforts
to bridge the gap between social context and human cognition. Dyadic
learning paradigm is one of the widely adopted paradigms in this field.
For instance, Zhan et al. (2025) had paired participants conduct a
perceptual decision task and they could monitor each other’s response
via feedback. Researchers found that participants’ perceptual
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boundaries would be biased toward their partners’ boundary. Impor-
tantly, this effect decreased significantly when removing the social
context. That is, participants completed the perceptual decision task
independently and received partner-absent feedback, which was derived
from a previous participant, rather than from a concurrent partner
engaged in the same task with the participant. Similarly, compared with
learning alone, learning with a concurrent interactive partner led to a
greater behavioral performance improvement and a faster learning rate
in visual perceptual learning task (Zhang, Bi, et al., 2023). However,
social context doesn’t always enhance learning performance. Several
previous studies have reported that for some complex skills, dyadic
learning either shows comparable or even inferior learning performance
as compared with single learning (Day et al., 1997; Shebilske et al.,
1992). This is particularly evident when the learning task heavily em-
phasizes declarative knowledge (Crook & Beier, 2010). These lines of
evidence suggest that the effectiveness of dyadic learning varies with
different types of learning tasks. Interestingly, the characteristics of a
learning partner also modulate the learning performance. For example,
learning alongside a high-aptitude partner (i.e., a partner whose re-
sponses were more likely to be correct than the participant) yielded
better learning performance compared to learning with a low-aptitude
partner (Zhang, Bi, et al., 2023). Besides, when it comes to coopera-
tive learning, the partner’s competence modulates the learning perfor-
mance depending on the specific cooperation mode, that is, whether it
involves complementary or identical information (Buchs & Butera,
2009). Based on the literature, an important question arises regarding
whether social context can influence social attentional orienting, an
ability generally considered to maintain general stability in adults. More
importantly, if such an influence exists, how it may be modulated by the
specific attributes of the partner’s performance also warrants investi-
gation. Considering the social nature of human beings, such an endeavor
will provide a clearer understanding of the emergence of social atten-
tional orienting, which is beyond the classic dichotomy of covert
attention and bears great significance for daily interaction and adaptive
functions.

To address the issue, we designed a dyadic learning paradigm to
create a pseudo social context and investigated its influence on the
magnitude of social attentional orienting through a series of experi-
ments. Pairs of participants simultaneously carried out a gaze-cuing
task, and they monitored each other’s response times via instant, trial-
by-trial feedback. Unbeknownst to the participants, this feedback was
predetermined to convey that their partner always performed better
when the target appeared on the gazed-at hemifield, that is, the
congruent condition (Experiment 1). Despite this manipulation, partic-
ipants were convinced that the feedback was instant and real. To detect
the potential influence of such a specific social context, we measured the
magnitude of gaze cuing effect before and after the dyadic learning
phase using the standard gaze-cuing task. In the subsequent experiment,
we further exchanged the feedback structures under congruent and
incongruent conditions (Experiment 2) to make the partner respond
faster to the non-gazed-at hemifield (i.e., the incongruent condition).
Given that social attentional orienting is highly resistant to temporal
decay (Liu et al., 2021; Prein et al., 2024), we did not anticipate a
substantial reduction in gaze-cuing magnitude in this experiment.
Additionally, we had another group of participants undergo the learning
phase individually with partner-absent feedback (i.e., the feedback was
based on the performance of a previous participant) to determine if the
presence of a concurrent interactive partner was necessary for any ob-
tained effect (Experiment 3). Null effect would highlight the necessity of
partner’s social presence. Finally, to investigate whether any observed
modulatory effect was specific to socially gaze-mediated attentional
orienting, we substituted the gaze cue with an arrow cue, which rep-
resents a type of symbolic directional cue but doesn’t bear any social
meanings (Experiment 4). Previous research has demonstrated that
when involving more complex task (e.g., visual working memory task in
Ji et al., 2022; visual mental imagery task in Zhang et al., 2025) or
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experimental setting (e.g., natural scenes; Hermens & Walker, 2016)
other than simple standard cuing paradigm, the effects elicited by social
cues tend to diminish or vanish when replaced with non-social arrow
cues. Comparing social and non-social cues under a social context might
be an innovative way to elucidate the longstanding dispute on the
uniqueness of social attentional orienting (Friesen et al., 2004; Frischen
et al., 2007; Ristic et al., 2007).

2. General method
2.1. Participants

A prior power analysis (one sample t-test) using G*Power in Version
3.1.9.7 (Faul et al., 2007) suggested that at least 15 participants would
afford 80 % power with alpha at 0.05 (two-tailed) to detect an atten-
tional effect induced by social or non-social cues (cohen’s d = 0.8, which
is the average effect size reported in previous relevant research, see
Hietanen et al., 2006; Ji et al., 2020; Shi et al., 2010). Considering the
primary aim of the study was to evaluate the potential change of
attentional effect after the dyadic learning, we further increased the
sample size to 24 participants per experiment, which was adequate to
detecting a medium to large effect (cohen’s d = 0.6) for the within-
participant comparison between pre- and post-test phases with power
of 80 % and alpha at 0.05.

A total of 98 naive adults took part in the current research, and two
participants were excluded from analysis because of quitting halfway.
Therefore, the final sample size was 96 participants aged between 19
and 30 years (M + SD = 23.229 + 2.511). Each experiment included 24
participants (12 females in Experiment 1, 14 females in each of Exper-
iments 2 and 3, and 13 females in Experiment 4). All participants had
self-reported normal or corrected-to-normal vision and they all gave
written informed consent in accordance with procedure and protocols
approved by the institutional review board of the Institute of Psychol-
ogy, Chinese Academy of Sciences. Participants received monetary
compensation to appreciate their participation.

2.2. Apparatus and stimuli

Participants were seated on a height-adjustable chair approximately
57 cm away from a 24-in. LCD monitor (1920 x 1080 pixels, 60 Hz).
Their heads were stabilized by a chin and head rest. Stimuli were
generated and presented using Psychtoolbox extensions, version 3 for
MATLAB (the MathWorks) (Brainard, 1997; Kleiner et al., 2007; Pelli,
1997). In Experiments 1-3, neutral face images (4.0° x 4.6°) with gaze
averted 17° to the left or right were adopted. A female face image was
taken from the Ekman and Friesen’s Pictures of Facial Affect (Ekman &
Friesen, 1976), and this image was cropped to remove features outside
the face. Gaze direction of the face image was manipulated by using
Adobe Photoshop software. In Experiment 4, black arrows (RGB: 0, 0, 0;
subtended 2.1° x 1.8°) were created by combining a straight line and an
arrowhead attached to the leading end of the line. The Gabor patch
subtended 1.1° x 1.1° in visual angle (Gussian SD of the window = 4
pixels, contrast = 1, initial phase = 0°, spatial frequency = 9.1 cycles
/degree) was used as the target in all experiments. During the cuing task,
a white fixation cross (0.5 x 0.5°, RGB: 255, 255, 255) was centrally
presented to help participants maintain central fixation. All stimuli were
presented within a frame (16.1° x 16.1°) on a neutral gray background
(RGB: 128, 128, 128).

2.3. Procedure and design

2.3.1. Experiment 1

We developed a pseudo social context where a pair of participants
believed that they were conducting the same task simultaneously in
separate rooms, with instant comparison and feedback from the partner.
In fact, the feedback was pre-determined by the computer program,
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allowing us to maintain the validity of social context while precisely
manipulating the experimental condition. Note that creating a social
context doesn’t necessarily mean that the participant pair needs to be in
the same experiment room (e.g., Laforest et al., 2021; Zhan et al., 2025;
Zhang, Bi, et al., 2023), and the current design was referred from a
recent study that also involved dyadic learning paradigm (Zhan et al.,
2025). A pair of same-gender unacquainted participants arrived at the
experiment place at the appointed time, and they were told that they
were each other’s partner in the following experiments. They signed
informed consent and received experiment instructions together before
the formal experiment, and then, these two participants were assigned to
separate rooms. The presence of another participant and the preparation
time two participants spent together effectively increased the credibility
of the pseudo social context.

All participants underwent three phases: pre-test phase, dyadic
learning phase, and post-test phase. They were informed that they would
carry out the pre-test phase individually, then the learning phase
simultaneously with their partner, and finally conduct the post-test
phase individually. As shown in Fig. 1A, task in the pre-test phase was

(A)
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a well-established and widely-used gaze-cuing task (e.g., Friesen et al.,
2004; Friesen & Kingstone, 1998; Liu et al., 2021). Each trial started
with a 500 ms fixation, and then a straight eye gaze was presented as a
pre-cue for 100 ms followed by a 300 ms averted gaze cue. After a 100
ms inter-stimulus interval (ISI), a Gabor patch as a target flashed for 100
ms on either the left or right visual field at a distance of 4° from the
fixation. Participants were asked to localize the target by pressing the
arrow keys on the keyboard, i.e., pressing the left or right arrow key if
the target flashed on the left or right visual field, respectively. They had
to make responses as quickly as possible on the premise of avoiding
making mistakes. After the response, participants waited for a 1000 ms
inter-trial interval (ITT) and then began the next trial. The pre-test phase
consisted of 80 trials, taking about 5 min. Half of the trials were of
congruent condition, where the target would appear at the cued loca-
tion. And another half of trials were incongruent, namely the target
location and the cued location were opposite to each other. After the pre-
test phase was the dyadic learning phase as shown in Fig. 1B, and each
trial began with the aforementioned gaze-cuing task. If the participants
mistakenly indicated the target location, “wrong” would be presented for

Learning ITI=1500 ms

Pre-test & Post-test ITI = 1000 ms
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Exps. 1-3

500 ms Cue sl

100 ms Response

100 ms
300 ms 100 e Probe
Time

Arrow-cuing task
Exp. 4

Cue
300 ms
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Fig. 1. Schematic illustration for a trial sequence and experimental design. (A) The trial illustration of Experiments 1-4. Each experiment consisted of three phases:
pre-test phase, learning phase, and post-test phase. In Experiment 1, the task in pre-test and post-test phases was a standard gaze-cuing task. The same task was also
conducted in dyadic learning phase, and then participants made a judgement on their performance followed by the feedback. Experiments 2-4 followed the same
procedure as Experiment 1 except that Experiment 4 adopted arrow cues. (B) Illustration of laboratory settings for dyadic learning and individual learning in the
learning phase. In Experiments 1, 2, and 4, participants underwent learning phase with a concurrent interactive partner simultaneously. In Experiment 3, participants
conducted learning phase individually. (C) Illustration of the feedback manipulation. In Experiments 1, half trials were of incongruent condition (labeled as
“incong.”) and another half were of congruent condition (labeled as “cong.”). In the incongruent trials, the possibility for a participant to receive “you are faster” and
“partner is faster” as feedback was 50 % and 50 %, taking 25 % and 25 % of all trials respectively. In the congruent trials, there was 20 % possibility for a participant
to receive “you are faster” and 80 % possibility to receive “partner is faster” as feedback, taking 10 % and 40 % of all trials respectively. The feedback structures in

Experiments 2-4 are illustrated by the same token.



S. Zhang et al.

500 ms followed by a 2000 ms blank interval. If the participants made a
correct response to the target location, “correct” was presented for 500
ms, and then participants were asked to judge whether it was they or
their partner who made the faster response by pressing assigned keys (i.
e., press left arrow key to choose themselves, and press right arrow key
to choose their partner). This self judgement was designed to increase
participants’ sense of involvement and thus improve the credibility of
pseudo social context. After a 500-1000 ms blank interval, pre-
determined feedback was presented for 1000 ms to inform partici-
pants who had made the faster response in the current trial. Then after
an ITT of 1500 ms, the next trial began. The learning phase included 240
trials, lasting about 30 min. Participants could have a rest for one minute
per 40 trials. Half trials were congruent and the other half were incon-
gruent. After the learning phase, participants underwent the post-test
phase which was identical to the pre-test phase. Feedback was given
during the learning phase, but not the pre- or post-test phases.

The structure of feedback in the learning phase is shown in Fig. 1C.
Half of the trials were of congruent condition (50 %), and the other half
of trials were of incongruent condition (50 %). In the incongruent trials,
the possibilities for a participant receiving “you are faster” and “partner
is faster” as feedback were 50 % and 50 %. In the congruent trials, there
was 20 % possibility for a participant to receive “you are faster” and 80
% possibility to receive “partner is faster” as feedback. Therefore, in
terms of all trials:

a) 80 % x 50 % = 40 % trials were in the congruent condition with
“partner is faster”;

b) 20 % x 50 % = 10 % trials were in the congruent condition with “you
are faster”;

c) 50 % x 50 % = 25 % trials were in the incongruent condition with
“partner is faster”;

d) 50 % x 50 % = 25 % trials were in the incongruent condition with
“you are faster”.

In this way, we created a specific social context where a concurrent
interactive partner responded faster in the congruent condition than the
participants themselves. In addition, we did a brief post-experiment
survey to check if participants realized the different feedback struc-
tures under the congruent condition and the incongruent condition, or
found the pseudo social context was “fake”. Participants were asked (1)
to briefly describe their feelings during the experiment, and (2) to report
if they thought there existed some regularities in the experiment, and if
so, to describe these regularities. Participants generally reported that
they felt their partner always made the faster response, and no partici-
pant realized the difference of feedback structure under congruent and
incongruent conditions. In the following debriefing session, participants
were told that all the feedback was pre-determined and manipulated
differently under congruent and incongruent conditions, and that their
responses were not actually compared with their partner. We also asked
them if they could recall the feedback structure under different condi-
tions, but participants had no idea about this aspect. Besides, partici-
pants all reported to be convinced of the authenticity of dyadic setup.

2.3.2. Experiment 2

All aspects of Experiment 2 were the same as in Experiment 1 except
for the manipulation of feedback structure in the learning phase. As
shown in Fig. 1C, the feedback structure was exchanged between the
congruent and incongruent conditions. To be more specific, in the
congruent trials, the possibilities for a participant receiving “you are
faster” and “partner is faster” as feedback were 50 % and 50 %. In the
incongruent trials, there was 20 % possibility for a participant to receive
“you are faster” and 80 % possibility to receive “partner is faster” as
feedback. Therefore, for all trials:

a) 50 % x 50 % = 25 % trials were in the congruent condition with
“partner is faster”;
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b) 50 % x 50 % = 25 % trials were in the congruent condition with “you
are faster”;

c) 80 % x 50 % = 40 % trials were in the incongruent condition with
“partner is faster”;

d) 20 % x 50 % = 10 % trials were in the incongruent condition with
“you are faster”.

In terms of the whole learning phase, it can be seen that 65 % of all
trials would feedback “partner is faster”, which is the same ratio as in
Experiment 1. In the post-experiment survey and the debriefing, again,
participants generally reported that they felt their partner always made
the faster responses, and no participant realized different structures of
feedback under the congruent and incongruent conditions. Besides,
participants all reported to be convinced of the authenticity of dyadic
setup.

2.3.3. Experiment 3

Experiment 3 were basically the same as Experiment 1 except for the
laboratory settings and instructions for the learning phase (Fig. 1B).
Participants were told that their response times in the gaze-cuing task
would be compared with the response times yielded by a gender-
matched participant, and this participant was randomly selected from
the participants who had performed this same task before. Therefore, by
providing partner-absent feedback, Experiment 3 manipulated the
concurrent presence of a partner (i.e., social context) as compared with
Experiment 1, while keeping all other aspects the same as Experiment 1.
The post-experiment survey and debriefing suggested that participants
generally found the randomly selected participant made the faster re-
sponses, and no participant realized different structures of feedback
under the congruent and incongruent conditions.

2.3.4. Experiment 4

The procedure and design of Experiment 4 were the same as those of
Experiment 1 except that we replaced the gaze cues with arrow cues.
Again, the post-experiment survey and debriefing suggested that par-
ticipants generally reported that they felt their partner made the faster
responses, and no participant realized the different structures of feed-
back under the congruent and incongruent conditions. Besides, partici-
pants all reported to be convinced of the authenticity of dyadic setup.

2.4. Data analysis

2.4.1. Data exclusion

For each phase, we extracted the response time (RT) in each trial for
each participant. Only trials with correct responses were included in
analysis, and those trials with RTs shorter than 100 ms, longer than
1000 ms, or beyond three standard deviations of the mean in that phase
were removed beforehand. The percentage of trials excluded was 7.0 %
in Experiment 1, 7.8 % in Experiment 2, 6.3 % in Experiment 3, and 5.2
% in Experiment 4.

2.4.2. Change of attentional orienting effect following the learning phase

We compared the attentional effects in pre- and post-test phases to
give a first glance at the change of attentional orienting effect following
the learning phase. Given that participants would make generally faster
responses in post-test phase than in pre-test phase due to practicing ef-
fect, we calculated the normalized attentional effect for the pre-test and
post-test phases of each experiment. The normalized attentional effect
index was produced by dividing the difference in the mean RTs obtained
under the incongruent condition versus that in the congruent condition
by their sum, expressed as (RTincongruent - RTcongruent)/(RTincongruent +
RTcongruent)- And for each experiment, we used one sample t-test to see if
the normalized attentional effect existed. Next, we performed a paired
samples t-test with the independent variable of phase (pre-test vs. post-
test) to investigate whether the attentional effect changed following the
learning phase.
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2.4.3. Temporal dynamics in attentional orienting effect over the learning
phase

This part of analysis was to assess the changing trend during the
learning phase in each experiment. In order to portray the dynamic
changes of the attentional effect in each experiment, we analyzed the
temporal trend of attentional effect over trials for each participant. This
analysis was performed using a sliding window method which calcu-
lated the running average of the attentional effect across consecutive
trials. We set 100 trials as a time bin and applied the sliding window
method across trials with a step size of one trial, consequently gener-
ating 141 time bins. For instance, bin 1 included the 1st trial to the 100th
trial, bin 2 included the 2nd trial to the 101st trial, and so forth. Next, we
calculated the normalized attentional effect index in each time bin.
Third, based on Liu et al. (2021), we fitted the obtained temporal profile
of the normalized attentional effect via the function below:

Normalized attentional effect = Z;Ai x sin[2 x pi x fi(n+ ¢;) ]

+ slope x n + intercept

where n refers to the number of the time bin. For example, trials from 1st
to 100th constitute the first bin, so that n = 1. The slope parameter is of
the most interest as it specifically estimates the linear change of the
normalized attentional effect with the task proceeding. Particularly, a
significantly positive slope value means that the attentional effect
gradually increases over trials (i.e., temporal increase). Moreover, two
sinusoidal functions each with three parameters A, f, and ¢ are used to
capture the slow and fast fluctuations of the normalized attentional ef-
fect over trials, respectively. For each experiment, we performed one
sample t-test to see if the slope was different from 0, with a slope larger
than 0 indicating a rising trend of normalized attentional effect. Besides,
one-way analysis of variance (ANOVA) with the between-subject vari-
able of experiment (Experiments 1-4) was carried out to compare the
slopes across these experiments, and if significant, we used LSD method
to perform post-hoc pairwise comparisons.

2.4.4. Drift-diffusion modeling

The drift-diffusion model (DDM) is a mathematical framework
widely used to explain how people make decisions between two options,
modeling the process as the accumulation of evidence over time until a
decision threshold is reached (Forstmann et al., 2016; Ratcliff et al.,
2016). While DDM is traditionally adopted in the study of decision-
making, it has been adopted to discompose and parameterize the psy-
chological processes for gaze-cuing task (Alister et al., 2024; Parker &
Ramsey, 2024) as well as perceptual detection task (van Vugt & van den
Hurk, 2017; Zhang, Ye, et al., 2023) in recent years. To further explore
the cognitive mechanism underlying the enhancement of social context
on gaze-mediated attentional orienting effect (Experiment 1) and
compare it with arrow-mediated attentional orienting effect (Experi-
ment 4), we utilized DDM framework to decompose behavioral perfor-
mance (RT distributions and response accuracy) into distinct cognitive
processes. Shown in Fig. 2, the model fitting was performed using ac-
curacy coding such that the upper and bottom boundaries corresponded
to those for correct and incorrect choices, respectively. This approach
explicitly links decision boundaries to attentional processing dynamics
(drift rate for post-target evidence accumulation; non-decision time for
initial orienting) rather than spatial response biases (e.g., automatic
motor tendencies to respond to left/right locations), thereby avoiding
theoretical conflations between cue-driven spatial expectations and
sustained attentional allocation (Alister et al., 2024; Zhang, Ye, et al.,
2023). We fitted a regression model that allowed two key DDM pa-
rameters varied with cue-target congruency (congruent vs. incon-
gruent): 1) the drift rate v, which indicates the average speed and quality
of evidence accumulation from the target onset (Alister et al., 2024;
Zhang, Ye, et al., 2023), with faster drift rate reflecting faster target
detection and more accurate response;
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Fig. 2. The illustration for the drift-diffusion model (DDM). DDM describes
how individuals accumulate noisy evidence over time to make a response be-
tween two alternatives, i.e., “a” for correct response, “0” for incorrect response.
The noisy evidence is sampled until sufficient evidence reached one decision
boundary over another. The drift rate (v) describes the average speed of
accumulation. A faster drift rate reflects a sustained boost in information pro-
cessing in congruent trials (blue line) compared to incongruent trials (gray
line). The larger non-decision time (t) reflects the delayed onset of target pro-
cessing in incongruent trials compared to congruent trials. The purple and pink
arrows represent the cue-target congruency effects on drift rate (3,;) and non-
decision time (f,;), respectively. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)

v = f,; x Congruency + 3,

2) the non-decision time t, which captures the duration of sensory
encoding and response execution. During the gaze-cuing and arrow-
cuing tasks, non-decision time is associated with initial attentional ori-
enting process (Alister et al., 2024; Price et al., 2019; Zhang, Ye, et al.,
2023), with less non-decision time reflecting faster attention orientating
to the target location.

t = B, x Congruency + f,4

Here, f,, and g, denote the weight assigned to cue-target congru-
ency in drift rate and non-decision time parameters, respectively, and
both weights are assumed to be independent for pre-test and post-test.
Both g,, and p,, are intercepts that accounted for individual variance
in choices and response times that was irrespective to the cue-target
congruency. These two parameters were also allowed to differ be-
tween pre-test and post-test phases. Furthermore, the decision boundary
(a), which reflects response caution, is used to reflect speed-accuracy
trade-off theoretically. To be more specific, wider boundaries lead to
more accurate but slower responses, while narrower boundaries allow
for less accurate but faster responses (Forstmann et al., 2016; Ratcliff
etal., 2016). However, this trade-off is not compatible with the notion of
attentional orienting effect, where the congruent condition yields faster
and/or more accurate responses (Driver et al., 1999; Frischen et al.,
2007). Therefore, we expected the decision boundary to remain the
same between congruent ad incongruent conditions (see also Parker &
Ramsey, 2024; Zhang, Ye, et al., 2023). Further, decision boundary was
assumed to vary between pre-test and post-test phases, due to that the
boundary may be different after learning. The starting point related with
prior bias or response bias was set to 0.5, as accuracy coding (correct =1,
incorrect = 0) was applied and the correct response for target location
was equally likely to be on the left or the right. To make a brief summary
for the current DDM, the drift rate and non-decision time were allowed
to vary with cue-target congruency, and the decision boundary and
starting point were assumed to remain consistent across congruent and
incongruent conditions.

The model fitting was performed in Python 3 using hierarchical drift-
diffusion model (HDDM) toolbox (Wiecki et al., 2013). In the HDDM,
subject parameters were drawn from a group-level distribution, and the
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posterior distribution of each parameter at both subject and group levels
was simultaneously estimated using Markov-Chain Monte-Carlo
(MCMC) methods. To ensure adequate posterior estimation, we ran
12,000 sampling iterations and discarded the first 2000 samples. The
outlier probability was conservatively set to 5 %.

For analysis, we calculated the Af,; and Af,; with the following
formulas to clearly illustrate the change of $,; and $,; between the pre-
test and post-test phases:

Aﬂvl = ﬂvl,post - ﬂvl,pre

Aﬁtl = ﬂtl_post - ﬁtl_pre

A positive AS,; and a negative Af,; may give rise to an increase in
attentional orienting effect, with the former representing a stronger
sustained allocation of information processing resources to the cued
location, and the latter meaning faster attentional orienting to the cued
location. All statistical tests were two-tailed, with the alpha criterion set
at 0.05.

2.4.5. Transparency and openness

We report how we determined the sample size, the data exclusion, all
manipulations, and all measures in the study. Data were analyzed using
G-power Version 3.1, JASP Version 0.18.3, and the hierarchical drift-
diffusion model toolbox in Python 3. The original data and analytic
codes for the current study are publicly accessible at Science Data Bank
(ScienceDB) via the link: https://doi.org/10.57760/sciencedb.16711.
Experimental instructions for Experiments 1-4 are also available at
https://doi.org/10.57760/sciencedb.16711. Other materials used in
our research are widely available. There is not a preregistration for the
current study.

3. Results

3.1. Enhancement of gaze-mediated attentional effect through dyadic
learning

Experiment 1 examined whether participants could learn from a
social context where a partner who responded faster to the cued location
than the participants. We constructed such a social context by manip-
ulating the feedback structure (please see the section Procedure and
design for details). RTs under congruent and incongruent conditions
(Table. 1) were used to calculate the normalized attentional effect index
(please see the section Data analysis for details). As shown in Fig. 3, in
Experiment 1, one sample t-test revealed significant attentional effects in
the pre-test and post-test phases (pre-test: M + SD = 1.1 % + 2.2 %, t
(23) =2.410, p = 0.024, cohen’s d = 0.492, 95 % CI for mean difference
=[0.2 %, 2.0 %]; post-test: M + SD = 2.4 % + 2.2 %, t(23) =5.177,p <
0.001, cohen’sd = 1.057, 95 % CI for mean difference = [1.4 %, 3.3 %]).
Importantly, such a social context evoked an increase in attentional ef-
fect as indicated by the comparison between the pre-test and post-test
phases, t(23) = 2.607, p = 0.016, cohen’s d = 0.532, 95 % CI for
mean difference = [0.3 %, 2.3 %]. Although the participants were not

Table 1
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Fig. 3. The normalized attentional effects in pre-test and post-test phases of
Experiments 1-4. Attentional effects were stably observed in the pre- and post-
test phases across these four experiments. And only in Experiment 1, normal-
ized attentional effect was significantly increased in post-test phase compared
to pre-test phase. Error bars indicate the standard errors following Cousineau-
Morey corrections. *p < 0.05; **p < 0.01; ***p < 0.001; n.s., not significant.

aware of the pre-determined feedback structure, they implicitly learned
from the social context where a concurrent interactive partner respon-
ded faster in the congruent condition than the participant, resulting in a
stronger gaze cuing effect through dyadic learning. This finding
demonstrated a significant impact of the partner’s relative response
speed advantage in the congruent condition on facilitating the gaze-
mediated attentional orienting.

While an increase in the gaze cuing effect has been observed in
Experiment 1, it remains unclear whether this enhancement was driven
merely by the concurrent presence of a partner (regardless of the part-
ner’s performance), or by the specific attributes of this partner’s per-
formance. To answer this question, in Experiment 2, we exchanged the
feedback structure between the congruent and incongruent conditions
(Fig. 1C). Such a manipulation retained the presence of a partner, but
shifted the partner’s relative response speed advantage from the
congruent condition to the incongruent condition. If the mere presence
of a partner was sufficient to elicit the effect, results would be similar to
those of Experiment 1. By contrast, if the specific attributes of the
partner’s performance were critical, we should observe a different result
pattern from Experiment 1. Beyond this primary aim, Experiment 2 also
helped to examine two possible confounding factors. The first one is the
overall performance difference. It refers to that participants perceived
their partner to be more likely to respond faster, as 65 % of all trials in
the learning phase provided feedback indicating “partner is faster”. The
overall performance difference was a by-product of feedback manipu-
lation, and it gave rise to an alternation that as long as 65 % trials were

The response times (in ms) under congruent and incongruent conditions at pre-test and post-test phases, and the comparison of RTs between pre-test and post-test

phases for congruent and incongruent conditions, respectively.

Experiment Congruency RTpre-test RTpost test ARTpre.post p value
Experiment 1 Incongruent 372.86 (59.81) 355.02 (49.89) 17.84 0.098
Congruent 364.21 (53.05) 337.78 (40.72) 26.43 0.005%*
Experiment 2 Incongruent 390.98 (101.52) 353.60 (62.82) 37.38 0.001%*
Congruent 382.45 (101.81) 345.98 (62.48) 36.47 0.002%*
Experiment 3 Incongruent 418.62 (78.37) 379.62 (45.26) 39.00
Congruent 405.23 (67.86) 371.43 (44.74) 33.80
Experiment 4 Incongruent 379.11 (59.92) 352.67 (41.72) 26.44 N
Congruent 369.74 (55.26) 339.95 (38.73) 29.79 < 0.001%**

Note. Standard deviations in parentheses. The p values represent the results of t-tests conducted between RTpe.test and RTpost-test- **p < 0.01; ***p < 0.001.
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with “partner is faster” feedback, regardless of the learning conditions,
the gaze-mediated social cuing effect would be enhanced after learning.
The second potential factor is the arousal level, due to the feedback
manipulation as well as the presence of others. On the one hand, the
overall performance difference might lead to participants’ increased
arousal level as they noticed their own responses were not as fast. On the
other hand, the presence of a concurrent interactive learning partner
could also enhance arousal level. These factors may result in the alter-
nation that arousal level mainly contributed to the effects observed in
Experiment 1. Exchanging the feedback structure between the
congruent and incongruent conditions remained both the overall per-
formance difference and the arousal level the same as in Experiment 1.

We first used one sample t-test and found significant attentional ef-
fects in both the pre-test and post-test phases (pre-test: M + SD = 1.1 %
+ 2.0 %, t(23) = 2.792, p = 0.010, cohen’s d = 0.570, 95 % CI for mean
difference = [0.3 %, 1.9 %]; post-test: M + SD = 1.1 % + 2.5 %, t(23) =
2.177,p = 0.040, cohen’s d = 0.444, 95 % CI for mean difference = [0 %,
2.2 %], shown in Fig. 3). However, in sharp contrast to Experiment 1, no
statistical difference was found between the pre-test and post-test pha-
ses, t(23) = 0.022, p = 0.983, cohen’s d = 0.004, 95 % CI for mean
difference = [—1.0 %, 1.1 %], suggesting that it was the partner’s
relative response speed advantage in the congruent condition that eli-
cited the effect in Experiment 1. Such a result also excluded the per-
formance difference and arousal level as the confounding factors of
Experiment 1.

Still, there remained a possibility that participants just implicitly
learned from the certain feedback structure in Experiment 1, and the
presence of a concurrent interactive learning partner was not necessary.
The aim of Experiment 3 was to further clarify whether participants
indeed learned from the social context where a concurrent interactive
partner responded faster to the gazed-at hemifield than the participant,
instead of just implicitly learning from a specific feedback structure. To
this end, we let participants undergo the learning phase individually and
provided them with partner-absent feedback, with all the other aspects
remaining the same as in Experiment 1. As shown in Fig. 3, gaze cuing
effects were observed in the pre-test and post-test phases (pre-test: M +
SD =1.5% + 2.8 %, t(23) = 2.552, p = 0.018, cohen’s d = 0.521, 95 %
CI for mean difference = [0.3 %, 2.7 %]; post-test: M + SD = 1.1 % +
1.7 %, t(23) = 3.124, p = 0.005, cohen’s d = 0.638, 95 % CI for mean
difference = [0.4 %, 1.8 %]). Despite a decreasing trend reflected by the
mean values, there was no statistical difference in the magnitude of gaze
cuing effect between these two phases, t(23) = 0.588, p = 0.562, cohen’s
d = 0.120, 95 % CI for mean difference = [-0.9 %, 1.7 %]. Therefore,
the increase in gaze cuing effects observed in Experiment 1 cannot be
simply attributed to the feedback manipulation, and importantly, these
results highlight the key role of social context (i.e., the concurrent
presence of others) in shaping the gaze-mediated attentional orienting.

Former experiments have clearly demonstrated that dyadic learning
with a concurrent partner who responded to the gazed-at hemifield
faster than the participant enhanced participants’ gaze-mediated social
attentional orienting. However, it remains an open question whether
this effect was specific to cues with social relevance, or whether it can be
generalized to non-social cues (e.g., arrow). Despite lacking social
relevance, directional arrow cues can also direct spatial attention (e.g.,
Tipples, 2002), similar with the gaze cues. This discovery has led to an
ongoing debate about whether the attentional effects induced by gaze
cues are inherently different from those induced by arrow cues (Friesen
et al., 2004; Frischen et al., 2007; Ristic et al., 2007). As a result, re-
searchers have frequently employed gaze and arrow cues to ascertain
whether social attentional orienting is unique and distinct from non-
social attentional orienting. A recent meta-analysis suggested that the
intrinsic distinction between gaze and arrow cues may only become
pronounced in specific contexts where higher-order cognitive functions
are engaged (Chacon-Candia et al., 2023). Given the social context
created by dyadic learning, the current design offered a promising op-
portunity to probe the difference between gaze and arrow cues.
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Therefore, the aim of Experiment 4 was to further explore if
enhancement in attentional effect could be extended to non-social arrow
cues. As shown in Fig. 3, both the pre-test and post-test phases demon-
strated significant arrow cuing effects (pre-test: M + SD = 1.2 % + 2.7
%, t(23) = 2.150, p = 0.042, cohen’s d = 0.439, 95 % CI for mean dif-
ference = [0 %, 2.3 %]; post-test: M + SD = 1.8 % + 2.9 %, t(23) =
3.022, p = 0.006, cohen’s d = 0.617, 95 % CI for mean difference = [0.6
%, 3.0 %]). After learning with a partner who responded faster to the
arrow-cued location than the participant, the mean magnitude of arrow
cuing effect in the post-test phase was numerically larger than that under
pre-test phase, but this difference didn’t reach statistical significance, t
(23) =1.013,p = 0.322, cohen’s d = 0.207, 95 % CI for mean difference
= [-0.6 %, 1.9 %]. Taken together, the facilitating effect of social
context failed to be generalized on arrow-mediated non-social atten-
tional orienting, accentuating the demarcation between social and non-
social attentional effects.

3.2. Temporal dynamics in attentional orienting effect over the learning
phase

We fitted the normalized attentional effects over trials for each
participant to portray the dynamic changes of the attentional effect in
each experiment (please see the section General method for details).
Fitted plots at individual level are provided at https://doi.org/10.577
60/sciencedb.16711. The R? values of the fitted curves for Experi-
ments 1 to 4 were M &+ SD = 0.888 + 0.093 (min = 0.616, max = 0.988),
0.859 + 0.105 (min = 0.592, max = 0.970), 0.852 + 0.096 (min =
0.610, max = 0.973), and 0.867 + 0.101 (min = 0.649, max = 0.982),
respectively. That is, the fitted curve on average could explain more than
85 % variance of the normalized attentional effect. One-way ANOVA
found no significant effect of experiment for the fitted R% F(3, 92) =
0.618, p = 0.605, ;1’% = 0.020, indicating comparable goodness of fitting
across Experiments 1-4.

As expected, the mean slope was significantly larger than 0 in
Experiment 1, M + SD = 3.3 % + 4.7 %, t(23) = 3.419, p = 0.002,
cohen’s d = 0.698, 95 % CI for mean difference = [1.3 %, 5.3 %],
illustrating a rising trend of normalized attentional effect during the
dyadic learning phase (Fig. 4-5). In contrast, the mean slope was neither
significantly different from O for Experiments 2-4, suggesting a stable
effect (Experiment 2: M + SD = 0.4 % =+ 3.5 %, t(23) = 0.524, p = 0.605,
cohen’s d = 0.107, 95 % CI for mean difference = [-1.1 %, 1.8 %];
Experiment 3: M + SD = 0.2 % + 2.8 %, t(23) = 0.423, p = 0.676,
cohen’s d = 0.086, 95 % CI for mean difference = [-0.9 %, 1.4 %];
Experiment 4: M + SD = 0.2 % + 2.4 %, t(23) = 0.487, p = 0.631,
cohen’s d = 0.100, 95 % CI for mean difference = [-0.8 %, 1.3 %]).

In order to compare the temporal trends of attentional orienting ef-
fect in different experiments, we entered the slopes of Experiments 1-4
into a one-way ANOVA (Fig. 5). A significant effect was obtained, F(3,
92) = 4.494, p = 0.005, ;13 = 0.128, and post-hoc pairwise comparison
(LSD Method) suggested that the mean slope in Experiment 1 was
significantly larger than that in Experiment 2 (p = 0.005), Experiment 3
(p = 0.003), and Experiment 4 (p = 0.003). No other significant pair-
wise differences between experiments were found (ps > 0.8). These
lines of evidence demonstrated that only in Experiment 1 participants
exhibited increasing attentional effects as the learning phase proceeded,
which echoed the results revealed by the comparison of normalized
attentional orienting effect between the pre-test and post-test phases,
and together highlighted the distinct facilitation effect of social context
created by the concurrent presence of a partner who responded faster in
the congruent condition than the participant on gaze cuing effect.

3.3. Cognitive mechanisms underlying the enhancement of attentional
orienting effect

To further explore the cognitive mechanisms underlying the
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Fig. 4. The temporal dynamics of the normalized attentional effect across participants in Experiments 1-4, corresponding to panels (A)-(D), respectively. In each
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Fig. 5. The mean slopes of the curves fitted in Experiments 1-4. Only the mean
slope of Experiment 1 was significantly different from zero, in sharp contrast
with the mean slopes of Experiments 2—4. Error bars indicate standard errors.
#xp < 0.01.

enhancement of the attentional orienting effect, we applied DDM anal-
ysis to decompose attentional orienting effect into distinct cognitive
processes. Specifically, we considered two potential processes that could
plausibly clarify the change of attentional orienting effect: 1) the drift
rate v, which reflects the quality and efficiency of information process-
ing, and 2) the non-decision time t, which occurs before (e.g., stimulus
encoding) and after (e.g., motor execution) a probe decision is made. In
accounting for cuing effect, drift rate v reflects a sustained allocation of
information processing resources to the gazed-at location, implying that
the target located at the cued location are processed more efficiently
than those at the non-cued location (Alister et al., 2024; Zhang, Ye, et al.,

2023). Non-decision time t represents the time individuals take to
initially orient attention to the cued location, with additional time
required to reorient attention to the target if the target appears at the
non-cued location, resulting in the delayed commence of target pro-
cessing in the incongruent trials compared to the congruent trials
(Alister et al., 2024; Price et al., 2019; Zhang, Ye, et al., 2023). We fitted
the cue-target congruency effects on drift rate (8,;) and non-decision
time (f,;) in the pre-test and post-test phases respectively, and then
calculated AB,; and Ap,, to represent their change.

In Experiment 1, DDM obtained a positive Af,; (M £+ SD = 0.250 +

%1073
0.6 1
-Aﬂﬂ A’gﬁ L 15
0.45 -
L 10
0.3 1
< ) L5 o
3 0.15 :
0 1 0
*%k% J
-0.15 1 I | 5
Exp.1 Exp.4

Fig. 6. The change of cue-target congruency effects on drift rate (Af,;) and
non-decision time (Af,;) in Experiment 1 and Experiment 4. Error bars indicate
standard errors. **p < 0.01; *** p < 0.001.
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0.174, t(23) = 7.055, p < 0.001, cohen’s d = 1.440, 95 % CI for mean
difference = [0.177, 0.323]) and a negative Af,; (M + SD = —0.006 +
0.003, t(23) = 8.202, p < 0.001, cohen’s d = 1.674, 95 % CI for mean
difference = [0.004, 0.007]), as shown in Fig. 6. These results suggested
that the partner’s relative response speed advantage in the congruent
condition enhanced (1) the attentional orienting processes to the gazed-
at location as compared to the non-gazed-at location, reflected by Ag,,,
and (2) the boost in information processing resources allocated to the
gazed-at location as compared to the non-gazed-at location, reflected by
Ap,, . Both processes contributed to faster responses under the congruent
condition compared with the incongruent condition, resulting in a sig-
nificant enhancement in the magnitude of the gaze cuing effect.

Apart from Experiment 1, DDM analysis was also applied to Exper-
iment 4, where the gaze cues were replaced with arrow cues and no
modulatory effect of social context was found (though a seemingly
increasing trend). The average Ap,; was positive, M = SD = 0.303 +
0.440, t(23) = 3.369, p = 0.003, cohen’s d = 0.688, 95 % CI for mean
difference = [0.117, 0.488]. This result was similar with Experiment 1,
suggesting that learning with a concurrent interactive partner who
responded faster to the arrow-cued hemifield enhanced the sustained
boost in information processing resources at the arrow-cued location as
compared to the non-arrow-cued location. However, the initial atten-
tional orienting process was unchanged as reflected by the Ag,; which
was not statistically different from 0, M + SD = —0.001 + 0.009, t(23)
= 0.382, p = 0.706, cohen’s d = 0.078, 95 % CI for mean difference =
[-0.005, —0.003]. Considering that all aspects in Experiment 4 were
identical to Experiment 1 except for the cue type, it’s reasonable to infer
that Ap,, only tunes to gaze cuing effect. As a result, the initial atten-
tional orienting process (reflected by Af,;) serves as a main contributor
in accounting for the divergent effects obtained with social and non-
social cues in above behavioral analyses.

To sum up, DDM illustrated that the enhancement of gaze cuing ef-
fect in the context of dyadic learning (Experiment 1) is fundamentally
supported by both the initial attentional orienting process and the sus-
tained allocation of information processing resources. For Experiment 4,
the alteration in one process alone seemed insufficient to provoke a
noticeable change in the magnitude of arrow-mediated non-social
attentional effect, indicating that a significant modulation relies on the
co-contribution from both the attentional orienting and sustained in-
formation processing allocation processes.

4. Discussion

Being social creatures, humans are endowed with the ability to direct
attention according to social cues (Farroni et al., 2004; Hood et al.,
1998; Wang et al., 2020). Such a social attention ability has been one of
the central focuses of research in the past decades. Building on previous
research using single-participant measure, the current research
endeavored to advance understanding by examining the impact of the
presence of a concurrent interactive partner (i.e., social context) as well
as the specific attributes of the partner’s performance on such a special
form of attention. In this study, pairs of participants underwent a gaze-
cuing task simultaneously, during which they received instant, trial-by-
trial feedback regarding who made the faster response. We found that a
concurrent interactive partner who responded faster in the congruent
condition than the participant increased the participant’ magnitude of
gaze cuing effect, as reflected by the direct comparison between the pre-
and post-test phases as well as the temporal trend during the dyadic
learning phase. This enhancement was neither due to confounding fac-
tors such as arousal level and overall performance difference, nor
because participants implicitly learned from a certain structure of
feedback. Instead, as suggested by the drift-diffusion model analysis,
social context created by the presence of a concurrent interactive part-
ner who responded faster in the congruent condition than the partici-
pant enhanced the initial attentional orienting process and the sustained
allocation of information processing resources to the gazed-at location.
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These two processes worked together and contributed to the stronger
gaze cuing effect. Importantly, such an enhancement effect from the
certain social context on attentional orienting was specific to socially
gaze cuing effect and cannot be extended to non-social arrow cues,
mainly because the initial orienting process remained unchanged after
dyadic learning in the arrow-cuing task as indicated by drift-diffusion
model. Taken together, our research reports a specific modulation on
the gaze-mediated attentional orienting effect, providing compelling
evidence that social attentional orienting is malleable and highlighting
the significant impact of dyadic learning in shaping social attention
ability.

Social context created by the concurrent presence of others has been
found powerful in shaping human cognition and behavior as suggested
in many aspects (e.g., Kampis & Southgate, 2020; Markus, 1978;
Schwenke et al., 2022; Zhang, Bi, et al., 2023). The current study is in
line with previous literature on this point with novel evidence, as we
find a facilitation of specific social context (i.e., the partner responded
faster to the gaze-cued hemifield) on a special form of attention, i.e.,
social attentional orienting. It is a key part of human cognition, and this
exquisite attentional ability helps people to learn about other’s inner
mental state and key events occur around them (Birmingham & King-
stone, 2009; Nummenmaa & Calder, 2009; Shi et al., 2010). Despite the
significance of social attention ability and the inherent ultrasocial
disposition of human (Tomasello, 2014), few research has endeavored to
intertwine these two concepts and investigate the potential role of social
context, especially the specific attributes of the partner’s performance,
in shaping social attentional orienting. The current research strived to
bridge this gap and demonstrated that social attention ability remains
malleable in adults and can be further enhanced by a social context
demonstrating the partner’s relative response speed advantage in the
congruent condition, although it is predominantly influenced by genetic
factors (Wang et al., 2020) and shows a tendency to stabilize after
emerging early in life (Liu et al., 2021; Zhao et al., 2014).

Recently, it has been shown that factors including the attributes of
the cuing faces (e.g., emotional expression; Yuan et al., 2023) and the
relationship between the observer and the cuing faces (e.g., familiarity;
Deaner et al., 2006) are able to modulate the magnitude the gaze cuing
effect (for a recent review, see Dalmaso et al., 2020). However, distinct
from changing the different aspects of the cuing faces, the current study,
for the first time, demonstrated that dyadic learning could alter the way
the same gaze cues were utilized. Importantly, we went further by
adopting drift-diffusion modeling and revealed that the facilitation in
socially gaze cuing effect originated from the enhanced initial atten-
tional orienting as well as the sustained boost of information processing
resources to the gazed-at location. The insights gained from our study
could be particularly valuable for interventions aimed at enhancing
social attention skills. As has been suggested, social attention ability
appears to underpin the development of complex social-cognitive skills
(e.g., language acquisition, theory-of-mind; Baron-Cohen, 1995; Hood
et al., 1998; Nuku & Bekkering, 2008) and its deficits are closely linked
with socio-cognitive disorders (e.g., autistic spectrum disorder, ASD;
Bruinsma et al., 2004). Therefore, our research stands at the foundation
of applying the dyadic learning paradigm developed here to individuals
with ASD, which may have profound clinical implications.

Notably, we observed a remarkable dissociation between social and
non-social attentional orienting with regard to how social context
influenced them, corroborating the perspective regarding the specificity
of social attentional orienting. In the past decades, research in support of
this perspective suggested social attentional orienting to be more re-
flexive and independent of cognitive control (Friesen et al., 2004; Ristic
et al., 2007), shows faster disengagement (Wang et al., 2024) and has
different neural substrates compared with non-social attentional ori-
enting (Hietanen et al., 2006; Kingstone et al., 2000). However, other
studies reported opposite findings as similar gaze cuing effect and arrow
cuing effect were widely reported, especially with the standard
perceptual cuing paradigm (e.g., Galfano et al., 2012; Ristic et al., 2002;
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Tipples, 2002). Therefore, the specificity of social attentional orienting
is equivocal and still under discussion. The current research lends sup-
port for the specificity of social attentional orienting with novel evi-
dence, showing that social context facilitates the magnitude of social
attentional orienting effect but not non-social attentional orienting ef-
fect. Moreover, insights from drift-diffusion modeling suggested that the
process of initial attentional orienting could be influenced by social
context in social gaze-cuing task, whereas such an effect is absent in the
non-social arrow-cuing task. Given that eye gaze cues induce complex
social cognitive processes beyond what is elicited by non-social symbolic
arrows, their qualitative distinction might only be observed with more
specific experimental procedures where high-level socio-cognitive fac-
tors are involved (Chacon-Candia et al., 2023). In this sense, the current
research, by introducing a social context created by the presence of the
partners, also contributes a novel paradigm which will provide insights
regarding the qualitative difference between social and non-social cues.

What is the potential neural basis underlying the observed facilita-
tion in gaze cuing effect? A recent study that adopted a similar dyadic
learning paradigm may provide some hints. It has been suggested that
the facilitation in orientation discrimination after dyadic learning was
likely underpinned by enhanced functional links between social cogni-
tion areas (e.g., dorsolateral prefrontal cortex, dIPFC) and the early vi-
sual cortex, the area responsible for orientation representation (Zhang,
Bi, et al., 2023). In a similar manner, the dyadic learning for a gaze-cuing
task in the current research is likely to be supported by the functional
interplays between social cognition areas (i.e., dIPFC) and the social
attention areas, especially those areas implicated in gaze-mediated so-
cial attentional effect but not arrow-mediated non-social attentional
effect, such as the temporoparietal junction (TPJ) and the posterior
superior temporal sulcus (pSTS) (Salera et al., 2023). Importantly, all
these brain sites are the core regions of “social brain” network that
stands at the foundation of social cognition (Adolphs, 2009; Blakemore,
2008; Li et al., 2018; Wang & Jiang, 2023), suggesting their intimate
connections. Besides, it has been shown that dysfunction of the dIPFC-
STS network may underlie the abnormal social-cognitive functioning
(Shin et al., 2015). It should be noted that these nodes and connectivity
are still hypothesized to be involved in the current findings. Future
studies adopting neuroimaging and neuromodulation techniques are
encouraged to identify the neural network dedicated to the enhance-
ment of gaze-mediated social attentional orienting induced by dyadic
learning.

To sum up, the present study reported a modulatory effect of social
context on a special form of attention. A social context where a con-
current interactive partner responded faster to the gaze-at hemifield
than the participant increased the participants’ magnitude of gaze cuing
effect. Drift-diffusion modeling analysis implied that such a facilitation
stemmed from promotion in two key processes, i.e., the initial atten-
tional orienting process and the sustained allocation of information
processing resources to the gazed-at location compared with non-gazed-
at location. Furthermore, this modulatory effect couldn’t be extended to
non-social arrow cues, pointing to a distinction between social and non-
social attentional effects. In short, our inquiry sheds new light on the
long-standing dispute on the specificity of social attentional orienting,
and takes a further step in providing innovative insights into how the
social environment shapes human cognitive capabilities.

Data repository

https://doi.org/10.57760/sciencedb.16711.
Open practices statement

We report how we determined the sample size, the data exclusion, all
manipulations, and all measures in the study. Data were analyzed using

G-power Version 3.1, JASP Version 0.18.3, and the hierarchical drift-
diffusion model toolbox in Python 3. The original data and analytic

10

Cognition 265 (2025) 106280

codes for the current manuscript can be publicly accessible via the link:
https://doi.org/10.57760/sciencedb.16711. Other materials used in
our research are widely available. There is not a preregistration for the
current study.

CRediT authorship contribution statement

Shujia Zhang: Writing — review & editing, Writing — original draft,
Visualization, Software, Methodology, Investigation, Formal analysis,
Data curation. Bin Zhan: Writing - review & editing, Methodology,
Formal analysis. Li Wang: Writing — review & editing, Visualization,
Supervision, Project administration, Methodology, Funding acquisition.
Yi Jiang: Writing - review & editing, Supervision, Methodology,
Funding acquisition, Conceptualization.

Declaration of competing interest

All authors have no competing interests to declare, and approved the
final manuscript for submission.

Acknowledgements

This research was supported by grants from the STI2030-Major
Projects (No. 2022ZD0205100, 2021ZD0203800), the National Natural
Science Foundation of China (No. 32430043, 32371106), the Interdis-
ciplinary Innovation Team (JCTD-2021-06), the Key Research and
Development Program of Guangdong (2023B0303010004), and the
Fundamental Research Funds for the Central Universities.

Data availability

Original data and analytic codes can be publicly accessible via the
link: https://doi.org/10.57760/sciencedb.16711.

References

Adolphs, R. (2009). The social brain: Neural basis of social knowledge. Annual Review of
Psychology, 60(1), 693-716. https://doi.org/10.1146/annurev.
psych.60.110707.163514

Alister, M., McKay, K. T., Sewell, D. K., & Evans, N. J. (2024). Uncovering the cognitive
mechanisms underlying the gaze cueing effect. Quarterly Journal of Experimental
Psychology, 77(4), 803-827. https://doi.org/10.1177/17470218231181238

Baron-Cohen, S. (1995). Mindblindness: An essay on autism and theory of mind. The MIT
Press. https://doi.org/10.7551/mitpress/4635.001.0001

Birmingham, E., & Kingstone, A. (2009). Human social attention: A new look at past,
present, and future investigations. Annals of the New York Academy of Sciences, 1156,
118-140. https://doi.org/10.1111/j.1749-6632.2009.04468.x

Blakemore, S.-J. (2008). The social brain in adolescence. Nature Reviews Neuroscience, 9
(4), 267-277. https://doi.org/10.1038/nrn2353

Brainard, D. H. (1997). The psychophysics toolbox. Spatial Vision, 10(4), 433-436.

Bruinsma, Y., Koegel, R. L., & Koegel, L. K. (2004). Joint attention and children with
autism: A review of the literature. Mental Retardation and Developmental Disabilities
Research Reviews, 10(3), 169-175. https://doi.org/10.1002/mrdd.20036

Buchs, C., & Butera, F. (2009). Is a partner’s competence threatening during dyadic
cooperative work? It depends on resource interdependence. European Journal of
Psychology of Education, 24(2), 145-154. https://doi.org/10.1007/BF03173007

Chacon-Candia, J. A., Roman-Caballero, R., Aranda-Martin, B., Casagrande, M.,
Lupianez, J., & Marotta, A. (2023). Are there quantitative differences between eye-
gaze and arrow cues? A meta-analytic answer to the debate and a call for qualitative
differences. Neuroscience and Biobehavioral Reviews, 144, Article 104993. https://doi.
org/10.1016/j.neubiorev.2022.104993

Crook, A. E., & Beier, M. E. (2010). When training with a partner is inferior to training
alone: The importance of dyad type and interaction quality. Journal of Experimental
Psychology: Applied, 16(4), 335-348. https://doi.org/10.1037/a0021913

Dalmaso, M., Castelli, L., & Galfano, G. (2020). Social modulators of gaze-mediated
orienting of attention: A review. Psychonomic Bulletin & Review, 27(5), 833-855.
https://doi.org/10.3758/513423-020-01730-x

Day, E. A., Arthur, W., & Shebilske, W. L. (1997). Ability determinants of complex skill
acquisition: Effects of training protocol. Acta Psychologica, 97(2), 145-165. https://
doi.org/10.1016/S0001-6918(97)00019-X

Deaner, R. O., Shepherd, S. V., & Platt, M. L. (2006). Familiarity accentuates gaze cuing
in women but not men. Biology Letters, 3(1), 65-68. https://doi.org/10.1098/
rsbl.2006.0564


https://doi.org/10.57760/sciencedb.16711
https://doi.org/10.57760/sciencedb.16711
https://doi.org/10.57760/sciencedb.16711
https://doi.org/10.1146/annurev.psych.60.110707.163514
https://doi.org/10.1146/annurev.psych.60.110707.163514
https://doi.org/10.1177/17470218231181238
https://doi.org/10.7551/mitpress/4635.001.0001
https://doi.org/10.1111/j.1749-6632.2009.04468.x
https://doi.org/10.1038/nrn2353
http://refhub.elsevier.com/S0010-0277(25)00220-3/rf0030
https://doi.org/10.1002/mrdd.20036
https://doi.org/10.1007/BF03173007
https://doi.org/10.1016/j.neubiorev.2022.104993
https://doi.org/10.1016/j.neubiorev.2022.104993
https://doi.org/10.1037/a0021913
https://doi.org/10.3758/s13423-020-01730-x
https://doi.org/10.1016/S0001-6918(97)00019-X
https://doi.org/10.1016/S0001-6918(97)00019-X
https://doi.org/10.1098/rsbl.2006.0564
https://doi.org/10.1098/rsbl.2006.0564

S. Zhang et al.

Driver, J., Davis, G., Ricciardelli, P., Kidd, P., Maxwell, E., & Baron-Cohen, S. (1999).
Gaze perception triggers reflexive visuospatial orienting. Visual Cognition, 6(5),
509-540. https://doi.org/10.1080,/135062899394920

Ekman, P., & Friesen, W. V. (1976). Pictures of facial affect. Palo Alto, CA: Consulting
Psychologists.

Emery, N. J. (2000). The eyes have it: The neuroethology, function and evolution of
social gaze. Neuroscience & Biobehavioral Reviews, 24(6), 581-604. https://doi.org/
10.1016/50149-7634(00)00025-7

Farroni, T., Massaccesi, S., Pividori, D., & Johnson, M. H. (2004). Gaze following in
newborns. Infancy, 5(1), 39-60. https://doi.org/10.1207/s15327078in0501_2

Faul, F., Erdfelder, E., Lang, A. G., & Buchner, A. (2007). G*power 3: A flexible statistical
power analysis program for the social, behavioral, and biomedical sciences. Behavior
Research Methods, 39(2), 175-191. https://doi.org/10.3758/bf03193146

Forstmann, B. U., Ratcliff, R., & Wagenmakers, E. J. (2016). Sequential sampling models
in cognitive neuroscience: Advantages, applications, and extensions. Annual Review
of Psychology, 67, 641-666. https://doi.org/10.1146/annurev-psych-122414-
033645

Friesen, C. K., & Kingstone, A. (1998). The eyes have it! Reflexive orienting is triggered
by nonpredictive gaze. Psychonomic Bulletin & Review, 5(3), 490-495. https://doi.
org/10.3758/bf03208827

Friesen, C. K., Ristic, J., & Kingstone, A. (2004). Attentional effects of counterpredictive
gaze and arrow cues. Journal of Experimental Psychology: Human Perception and
Performance, 30(2), 319-329. https://doi.org/10.1037/0096-1523.30.2.319

Frischen, A., Bayliss, A. P., & Tipper, S. P. (2007). Gaze cueing of attention: Visual
attention, social cognition, and individual differences. Psychological Bulletin, 133(4),
694-724. https://doi.org/10.1037,/0033-2909.133.4.694

Galfano, G., Dalmaso, M., Marzoli, D., Pavan, G., Coricelli, C., & Castelli, L. (2012). Eye
gaze cannot be ignored (but neither can arrows). Quarterly Journal of Experimental
Psychology, 65(10), 1895-1910. https://doi.org/10.1080/17470218.2012.663765

Hermens, F., & Walker, R. (2016). The influence of social and symbolic cues on
observers’ gaze behaviour. British Journal of Psychology, 107(3), 484-502. https://
doi.org/10.1111/bjop.12159

Hietanen, J. K., Nummenmaa, L., Nyman, M. J., Parkkola, R., & Hamalainen, H. (2006).
Automatic attention orienting by social and symbolic cues activates different neural
networks: An fMRI study. Neurolmage, 33(1), 406-413. https://doi.org/10.1016/].
neuroimage.2006.06.048

Hood, B. M., Willen, J. D., & Driver, J. (1998). Adult’s eyes trigger shifts of visual
attention in human infants. Psychological Science, 9(2), 131-134. https://doi.org/
10.1111/1467-9280.00024

Itier, R. J., & Batty, M. (2009). Neural bases of eye and gaze processing: The core of social
cognition. Neuroscience & Biobehavioral Reviews, 33(6), 843-863. https://doi.org/
10.1016/j.neubiorev.2009.02.004

Ji, H., Wang, L., & Jiang, Y. (2020). Cross-category adaptation of reflexive social
attention. Journal of Experimental Psychology: General, 149(11), 2145-2153. https://
doi.org/10.1037/xge0000766

Ji, H., Yuan, T., Yu, Y., Wang, L., & Jiang, Y. (2022). Internal social attention: Gaze cues
stored in working memory trigger involuntary attentional orienting. Psychological
Science, 33(9), 1532-1540. https://doi.org/10.1177/09567976221094628

Kampis, D., & Southgate, V. (2020). Altercentric cognition: How others influence our
cognitive processing. Trends in Cognitive Sciences, 24(11), 945-959. https://doi.org/
10.1016/j.tics.2020.09.003

Kingstone, A., Friesen, C. K., & Gazzaniga, M. S. (2000). Reflexive joint attention depends
on lateralized cortical connections. Psychological Science, 11(2), 159-166. https://
doi.org/10.1111/1467-9280.00232

Kleiner, M., Brainard, D. H., Pelli, D., Ingling, A., Murray, R., & Broussard, C. (2007).
What’s new in Psychtoolbox-3. Perception, 36, 1-16. https://doi.org/10.1068/
v070821

Laforest, J., MacGillivray, M., & Lam, M. Y. (2021). The influence of social context and
social connection on visual perceptual processes. Acta Psychologica, 215, Article
103270. https://doi.org/10.1016/j.actpsy.2021.103270

Li, L., Bachevalier, J., Hu, X., Klin, A., Preuss, T. M., Shultz, S., & Jones, W. (2018).
Topology of the structural social brain network in typical adults. Brain Connectivity, 8
(9), 537-548. https://doi.org/10.1089/brain.2018.0592

Liu, W., Yuan, X,, Liu, D., Wang, L., & Jiang, Y. (2021). Social attention triggered by eye
gaze and walking direction is resistant to temporal decay. Journal of Experimental
Psychology: Human Perception and Performance, 47(9), 1237-1246. https://doi.org/
10.1037/xhp0000939

Markus, H. (1978). The effect of mere presence on social facilitation: An unobtrusive test.
Journal of Experimental Social Psychology, 14(4), 389-397. https://doi.org/10.1016/
0022-1031(78)90034-3

Nuku, P., & Bekkering, H. (2008). Joint attention: Inferring what others perceive (and
don’t perceive). Consciousness and Cognition, 17(1), 339-349. https://doi.org/
10.1016/j.concog.2007.06.014

Nummenmaa, L., & Calder, A. J. (2009). Neural mechanisms of social attention. Trends in
Cognitive Sciences, 13(3), 135-143. https://doi.org/10.1016/j.tics.2008.12.006

Parker, S., & Ramsey, R. (2024). What can evidence accumulation modelling tell us about
human social cognition? Quarterly Journal of Experimental Psychology, 77(3),
639-655. https://doi.org/10.1177/17470218231176950

11

Cognition 265 (2025) 106280

Pelli, D. G. (1997). The VideoToolbox software for visual psychophysics: Transforming
numbers into movies. Spatial Vision, 10(4), 437-442. https://doi.org/10.1163/
156856897x00366

Posner, M. 1. (1980). Orienting of attention. Quarterly Journal of Experimental Psychology,
32(1), 3-25. https://doi.org/10.1080/00335558008248231

Prein, J. C., Maurits, L., Werwach, A., Haun, D. B. M., & Bohn, M. (2024). Variation in
gaze following across the life span: A process-level perspective. Developmental
Science, 27(6), Article e13546. https://doi.org/10.1111/desc.13546

Price, R. B., Brown, V., & Siegle, G. J. (2019). Computational modeling applied to the
dot-probe task yields improved reliability and mechanistic insights. Biological
Psychiatry, 85(7), 606-612. https://doi.org/10.1016/j.biopsych.2018.09.022

Ratcliff, R., Smith, P. L., Brown, S. D., & McKoon, G. (2016). Diffusion decision model:
Current issues and history. Trends in Cognitive Sciences, 20(4), 260-281. https://doi.
org/10.1016/j.tics.2016.01.007

Ristic, J., Friesen, C. K., & Kingstone, A. (2002). Are eyes special? It depends on how you
look at it. Psychonomic Bulletin & Review, 9(3), 507-513. https://doi.org/10.3758/
bf03196306

Ristic, J., Wright, A., & Kingstone, A. (2007). Attentional control and reflexive orienting
to gaze and arrow cues. Psychonomic Bulletin & Review, 14(5), 964-969. https://doi.
org/10.3758/bf03194129

Salera, C., Boccia, M., & Pecchinenda, A. (2023). Segregation of neural circuits involved
in social gaze and non-social arrow cues: Evidence from an activation likelihood
estimation Meta-analysis. Neuropsychology Review. https://doi.org/10.1007/511065-
023-09593-4

Schwenke, D., Wehner, P., & Scherbaum, S. (2022). Effects of individual and dyadic
decision-making and normative reference on delay discounting decisions. Cognitive
Research: Principles and Implications, 7(1). https://doi.org/10.1186/541235-02.2-
00422-5

Shebilske, W. L., Regian, J. W., Arthur, W., & Jordan, J. A. (1992). A dyadic protocol for
training complex skills. Human Factors, 34(3), 369-374. https://doi.org/10.1177/
001872089203400309

Shi, J., Weng, X., He, S., & Jiang, Y. (2010). Biological motion cues trigger reflexive
attentional orienting. Cognition, 117(3), 348-354. https://doi.org/10.1016/j.
cognition.2010.09.001

Shin, J. E., Choi, S.-H., Lee, H., Shin, Y. S., Jang, D.-P., & Kim, J.-J. (2015). Involvement
of the dorsolateral prefrontal cortex and superior temporal sulcus in impaired social
perception in schizophrenia. Progress in Neuro-Psychopharmacology and Biological
Psychiatry, 58, 81-88. https://doi.org/10.1016/j.pnpbp.2014.12.006

Tipples, J. (2002). Eye gaze is not unique: Automatic orienting in response to
uninformative arrows. Psychonomic Bulletin & Review, 9(2), 314-318. https://doi.
org/10.3758/bf03196287

Tomasello, M. (2014). The ultra-social animal. European Journal of Social Psychology, 44
(3), 187-194. https://doi.org/10.1002/ejsp.2015

van Vugt, & van den Hurk, P. M. (2017). Modeling the effects of attentional cueing on
meditators. Mindfulness, 8(1), 38-45. https://doi.org/10.1007/512671-015-0464-x

Wang, L., & Jiang, Y. (2023). Action observation network: Domain-specific or domain-
general? Trends in Cognitive Sciences, 27(11), 981-982. https://doi.org/10.1016/j.
tics.2023.08.012

Wang, L., Wang, Y., Xu, Q., Liu, D., Ji, H, Yu, Y., ... Jiang, Y. (2020). Heritability of
reflexive social attention triggered by eye gaze and walking direction: Common and
unique genetic underpinnings. Psychological Medicine, 50(3), 475-483. https://doi.
org/10.1017/5003329171900031X

Wang, S., Lin, Y., & Ding, X. (2024). Unmasking social attention: The key distinction
between social and non-social attention emerges in disengagement, not engagement.
Cognition, 249, Article 105834. https://doi.org/10.1016/j.cognition.2024.105834

Wiecki, T. V., Sofer, 1., & Frank, M. J. (2013). HDDM: hierarchical Bayesian estimation of
the drift-diffusion model in Python. Frontiers in Neuroinformatics, 7, 14. https://doi.
org/10.3389/fninf.2013.00014

Yuan, T., Ji, H., Wang, L., & Jiang, Y. (2023). Happy is stronger than sad: Emotional
information modulates social attention. Emotion, 23(4), 1061-1074. https://doi.org/
10.1037/emo0001145

Zhan, B., Chen, Y., Wang, R., & Jiang, Y. (2025). Prolonged visual perceptual changes
induced by short-term dyadic training: The roles of confidence and autistic traits in
social learning. iScience, 28(2), Article 111716. https://doi.org/10.1016/j.
isci.2024.111716

Zhang, S., Wang, L., & Jiang, Y. (2025). Visual mental imagery of nonpredictive central
social cues triggers automatic attentional orienting. Cognition, 254, Article 105968.
https://doi.org/10.1016/j.cognition.2024.105968

Zhang, Y., Bi, K., Li, J., Wang, Y., & Fang, F. (2023). Dyadic visual perceptual learning on
orientation discrimination. Current Biology, 33(12), 2407-2416 e2404. https://doi.
org/10.1016/j.cub.2023.04.070

Zhang, Y., Ye, Q., He, H,, Jin, R., & Peng, W. (2023). Neurocognitive mechanisms
underlying attention Bias towards pain: Evidence from a drift-diffusion model and
event-related potentials. Journal of Pain, 24(7), 1307-1320. https://doi.org/
10.1016/j.jpain.2023.03.003

Zhao, J., Wang, L., Wang, Y., Weng, X., Li, S., & Jiang, Y. (2014). Developmental tuning
of reflexive attentional effect to biological motion cues. Scientific Reports, 4(1), 5558.
https://doi.org/10.1038/srep05558


https://doi.org/10.1080/135062899394920
http://refhub.elsevier.com/S0010-0277(25)00220-3/rf0075
http://refhub.elsevier.com/S0010-0277(25)00220-3/rf0075
https://doi.org/10.1016/s0149-7634(00)00025-7
https://doi.org/10.1016/s0149-7634(00)00025-7
https://doi.org/10.1207/s15327078in0501_2
https://doi.org/10.3758/bf03193146
https://doi.org/10.1146/annurev-psych-122414-033645
https://doi.org/10.1146/annurev-psych-122414-033645
https://doi.org/10.3758/bf03208827
https://doi.org/10.3758/bf03208827
https://doi.org/10.1037/0096-1523.30.2.319
https://doi.org/10.1037/0033-2909.133.4.694
https://doi.org/10.1080/17470218.2012.663765
https://doi.org/10.1111/bjop.12159
https://doi.org/10.1111/bjop.12159
https://doi.org/10.1016/j.neuroimage.2006.06.048
https://doi.org/10.1016/j.neuroimage.2006.06.048
https://doi.org/10.1111/1467-9280.00024
https://doi.org/10.1111/1467-9280.00024
https://doi.org/10.1016/j.neubiorev.2009.02.004
https://doi.org/10.1016/j.neubiorev.2009.02.004
https://doi.org/10.1037/xge0000766
https://doi.org/10.1037/xge0000766
https://doi.org/10.1177/09567976221094628
https://doi.org/10.1016/j.tics.2020.09.003
https://doi.org/10.1016/j.tics.2020.09.003
https://doi.org/10.1111/1467-9280.00232
https://doi.org/10.1111/1467-9280.00232
https://doi.org/10.1068/v070821
https://doi.org/10.1068/v070821
https://doi.org/10.1016/j.actpsy.2021.103270
https://doi.org/10.1089/brain.2018.0592
https://doi.org/10.1037/xhp0000939
https://doi.org/10.1037/xhp0000939
https://doi.org/10.1016/0022-1031(78)90034-3
https://doi.org/10.1016/0022-1031(78)90034-3
https://doi.org/10.1016/j.concog.2007.06.014
https://doi.org/10.1016/j.concog.2007.06.014
https://doi.org/10.1016/j.tics.2008.12.006
https://doi.org/10.1177/17470218231176950
https://doi.org/10.1163/156856897x00366
https://doi.org/10.1163/156856897x00366
https://doi.org/10.1080/00335558008248231
https://doi.org/10.1111/desc.13546
https://doi.org/10.1016/j.biopsych.2018.09.022
https://doi.org/10.1016/j.tics.2016.01.007
https://doi.org/10.1016/j.tics.2016.01.007
https://doi.org/10.3758/bf03196306
https://doi.org/10.3758/bf03196306
https://doi.org/10.3758/bf03194129
https://doi.org/10.3758/bf03194129
https://doi.org/10.1007/s11065-023-09593-4
https://doi.org/10.1007/s11065-023-09593-4
https://doi.org/10.1186/s41235-022-00422-5
https://doi.org/10.1186/s41235-022-00422-5
https://doi.org/10.1177/001872089203400309
https://doi.org/10.1177/001872089203400309
https://doi.org/10.1016/j.cognition.2010.09.001
https://doi.org/10.1016/j.cognition.2010.09.001
https://doi.org/10.1016/j.pnpbp.2014.12.006
https://doi.org/10.3758/bf03196287
https://doi.org/10.3758/bf03196287
https://doi.org/10.1002/ejsp.2015
https://doi.org/10.1007/s12671-015-0464-x
https://doi.org/10.1016/j.tics.2023.08.012
https://doi.org/10.1016/j.tics.2023.08.012
https://doi.org/10.1017/S003329171900031X
https://doi.org/10.1017/S003329171900031X
https://doi.org/10.1016/j.cognition.2024.105834
https://doi.org/10.3389/fninf.2013.00014
https://doi.org/10.3389/fninf.2013.00014
https://doi.org/10.1037/emo0001145
https://doi.org/10.1037/emo0001145
https://doi.org/10.1016/j.isci.2024.111716
https://doi.org/10.1016/j.isci.2024.111716
https://doi.org/10.1016/j.cognition.2024.105968
https://doi.org/10.1016/j.cub.2023.04.070
https://doi.org/10.1016/j.cub.2023.04.070
https://doi.org/10.1016/j.jpain.2023.03.003
https://doi.org/10.1016/j.jpain.2023.03.003
https://doi.org/10.1038/srep05558

	Dyadic learning shapes gaze-mediated social attentional orienting
	1 Introduction
	2 General method
	2.1 Participants
	2.2 Apparatus and stimuli
	2.3 Procedure and design
	2.3.1 Experiment 1
	2.3.2 Experiment 2
	2.3.3 Experiment 3
	2.3.4 Experiment 4

	2.4 Data analysis
	2.4.1 Data exclusion
	2.4.2 Change of attentional orienting effect following the learning phase
	2.4.3 Temporal dynamics in attentional orienting effect over the learning phase
	2.4.4 Drift-diffusion modeling
	2.4.5 Transparency and openness


	3 Results
	3.1 Enhancement of gaze-mediated attentional effect through dyadic learning
	3.2 Temporal dynamics in attentional orienting effect over the learning phase
	3.3 Cognitive mechanisms underlying the enhancement of attentional orienting effect

	4 Discussion
	Data repository
	Open practices statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Data availability
	References


