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Guilt-inducing interaction
with others modulates subsequent
attentional orienting via their gaze

Wen Zhao, Jiajia Yang & Zhonghua Hu™*

Gaze direction can trigger social attentional orientation, characterised by a speeded reaction time

in detecting targets appearing in a gazed-at location compared with those appearing in other
locations. This is called the ‘gaze-cueing effect’ (GCE). Here, we investigated whether a feeling of
guilt established through prior interaction with a cueing face could modulate the gaze-cueing effect.
Participants first completed a guilt-induction task using a modified dot-estimation paradigm to
associate the feeling of guilt with a specific face, after which the face that had established the binding
relationship was used as the stimulus in a gaze-cueing task. The results showed that guilt-directed
faces and control faces induce equal magnitudes of gaze-cueing effect in 200 ms of stimulus onset
asynchrony (SOA), while guilt-directed faces induce a smaller gaze-cueing effect than control faces
in 700 ms SOA. These findings provide preliminary evidence that guilt may modulate social attention
triggered by eye gaze at a later stage of processing but not in the earlier stages.

Gaze direction conveys a wealth of personal information, allowing one to quickly follow other people’s current
focus of attention and infer their intentions as well as their mental states'~>. The ability to utilise information
on gaze direction from social partners to deploy our attention resources accordingly is considered an essential
skill in social interaction*=°.

It has been shown that observers tend to automatically follow the gaze of others, and this has been investigated
in previous studies by a modified Posner paradigm, that is, the gaze-cueing paradigm®’~°. During this type of
task, a face with a direct gaze is presented in the centre of a screen, and it then looks to the left or right side of
the screen. After a short variable stimulus onset asynchrony (SOA), a peripheral target randomly emerges on the
left or right side of the screen. Participants are required to detect the target as quickly and accurately as possible.
Although the gaze direction of the central face is neither predictive nor counter-predictive of the target location,
participants’ reaction times (RTs) to targets at the gazed-at location are shorter than to targets at the non-gazed-at
location”*™!!. This social phenomenon is termed the ‘gaze-cueing effect’ (GCE).

More recent studies have found that the GCE is modulated by social factors'?, such as political affiliation
social exclusion'®, competitiveness'® and trustworthiness'”. For example, Capellini'® used a Cyberball game—a
brief ostracism-inducing manipulation wherein participants are left out of a three-way ball tossing game with
two ostensible other participants who are in fact operated by a computer—to make participants feel excluded
before performing a gaze-cueing task. They found that participants who felt excluded in the prior task exhibited
a reduced GCE compared with those who were included. Furthermore, one study showed that social isolation
experienced during the COVID-19 lockdown can increase GCE'®. Moreover, faces associated with competitive
relationships (i.e., a hostile relationship in a modified version of the two-choice Prisoner’s Dilemma game) trigger
a stronger GCE relative to faces associated with cooperative relationships (i.e., a mutually beneficial relationship
with the participant)'®. Dalmaso* suggested that faces that had engaged in a disjointed gaze with participants in a
previous task elicited a GCE relative to those engaged in a disjointed gaze. The findings of their study showed that
information from previous interactions could influence later gaze-following behaviours with the same people.
The relationship between the observer and the cue face can modulate the GCE, suggesting that social interaction
with others influences how their gaze shifts our attention.

Guilt, a negative experience-induced emotion, and responsibility for action in the aftermath of one per-
son injuring another or violating moral principles®, is a social emotion that arises in and regulates social
interactions®. In an interpersonal context, we feel guilty when our actions cause loss to be inflicted upon
others?!. As a moral emotion, guilt is related to understanding a victim’s thoughts, feelings and attitudes
towards transgressors*?2. The feeling of guilt causes individuals to consider the concerns of others and increases
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reparative intentions, which help to enhance social relationships®. However, regarding guilty emotion and eye
gaze cues, as eye contact may trigger feelings of being judged and accused for those who feel guilty, transgressors
avoid gazing at the victim to reduce the resulting negative emotions****. Yu et al.>® found that participants fixated
less on a partner’s eyes in a high-guilt condition in which participants had caused the partner’s pain than in a
control condition in which the partner had caused pain. In this experiment, the arousal of guilt measured by skin
conductance response was influenced by whether or not the victim’s eyes were seen. It has been demonstrated that
interpersonal guilt is processed as a social threat®. After experiencing guilt, making eye contact with the victim
induces anxiety®. Thus, participants who feel guilty are less likely to be influenced by the victim’s eyes. Moreover,
previous research has found that the superior temporal sulcus region, which is known to play a prominent role
in gaze cueing®?, is also involved in the processing of guilt*’. The same brain structure involved in processing
the gaze cues and guilt suggests that some relationship between guilt processing and gaze processing may be
reasonable. Additional evidence from neuroimaging studies suggests that the processing of guilt engages the same
brain regions involved in social cognition and theory of mind, that is, the prefrontal and temporal regions®-*!.
Thus, guilt may have a significant effect on the perception of gaze direction and gaze-oriented attention.

The present study investigated whether the GCE is modulated by a guilt-directed face in a prior interaction.
In the first task, we employed a dot-estimation task to induce guilt and manipulate the relationship between the
participants and the cueing faces, with one face for the guilt condition (the participant was rewarded, while their
partner lost the reward due to the poor performance of participants) and the other for the control condition (the
participant and their partner were both rewarded). This method of inducing guilt has been employed in previ-
ous studies?"*>?>**_ The faces were then used as the central face cue in a subsequent gaze-cueing task. Given that
previous research has found that guilt could cause individuals to avoid eye contact with a victim. In addition,
guilt is a directional emotion, which not only reflects the transgressor’s emotional state, but more importantly
reflects the relationship between the transgressor and the victim. Thus, we expected that guilt would not have a
general effect on GCE triggered by all faces cue, but only on GCE triggered by victim face. Participants may follow
the gaze shift less in the guilt condition compared with the control condition. In other words, participants might
exhibit a reduced GCE when the cues were victims’ faces rather than control faces. Furthermore, we used both
200 ms and 700 ms stimulus onset asynchrony (SOA), which is consistent with previous studies****, to explore
the time course of the modulation induced by guilt on GCE. Some studies have shown that social modulation
on GCE appears under long SOA conditions (e.g., facial expression®), while other studies have reported that
the modulatory effect social factors on GCE emerges mainly under short SOA conditions (e.g., social status®’).
Taken together, the convergent evidence showed that SOA is a key factor in the modulation of social factors on
GCE. Thus, it is plausible that the patterns in the modulation of guilt on GCE will vary across different SOAs.

Methods

Participants. Thirty-seven Chinese students (16 men and 21 women) aged between 18 and 22 years (mean
age=19.49 years, SD=1.07 years) from Sichuan Normal University (China) participated in this study. A priori
power analysis (see Supplemental Material for more details) using G*Power (Version 3.1.9.7%) indicated that a
sample size of 34 participants was sufficient to detect a medium-sized main effect'® of eye gaze cues (f=0.25)
with a set at 0.05 and a power of 0.8. The sample size in previous studies investigating gaze-cueing effect or
guilt emotion!®?1*2-3* was involved between 20 and 55 participants, so we increased the sample size slightly to
37, which is about halfway between 20 and 55, to detect potential interaction in this study. All participants had
normal or corrected-to-normal vision and were unaware of the purpose of the experiments. They all gave written
informed consent to formally confirm their willingness to participate in the follow-up experiment. The experi-
mental protocol was approved by the ethics committee of Sichuan Normal University [SCNU-201102]. All pro-
cedures were in compliance with the Code of Ethics of the World Medical Association (Declaration of Helsinki).

Stimuli. Four neutral faces (2 men and 2 women) with three gaze directions (direct gaze and left- and right-
averted gaze) were used in the experiment. For each participant, the two faces that were the same sex as the par-
ticipant were randomly assigned to act as either the guilt-directed face or the control face. In the guilt-induction
task, faces with a direct gaze (5.71°x7.41°) were used to represent simulated players who were always of the
same sex as the participant. In the gaze-cueing task, a white asterisk (0.48°) was used as the target, with images
of faces (6.64° x 8.57°) gazing left or right. All stimuli were presented on a grey background, and participants sat
approximately 60 cm from the screen. Stimulus presentation and response registration were controlled using
MATLAB (Mathworks, Inc., Natick, MA, United States) software with Psychtoolbox extensions, and the order of
conditions was counterbalanced across participants.

Procedure. Participants were recruited online and came to the laboratory individually. A day before the
experiment, participants were required to provide a profile photo with a neutral expression (the instruction was:
“Please provide an electronic proof photo for formal experiments—not for any other purpose”), which would
be presented on the screen as a representative of the participant in the feedback during the guilt induction task.
On arrival, they were told that there were two experimental tasks, the first of which they would play with two
partners sequentially and the other that they would finish by themselves.

Face-specific guilt-induction task. In the face-specific guilt-induction task (see Supplemental Material
for details), participants were instructed to play a dot-estimation task, ostensibly with two partners of the same
gender as themselves (represented by two faces, which were randomly assigned to either guilt or control condi-
tions) sequentially via a computer. At the beginning of each trial, a central fixation cross, “+” (0.5°) was presented
first and lasted for 900 ms. Then, 20 white dots (the positions of the dots were randomly generated) were dis-
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played on a screen with a grey background for 1500 ms. Next, one number (19 or 20) and two words (“more”
and “less”) were displayed on the screen. The participants were required to quickly estimate the number of dots
on the screen and determine whether there were more or less than 19 or 20 (these two numbers were random
across trials). After responding, feedback for each trial was shown under the images for 2500 ms. In reality,
the correctness of the estimation was predetermined by our experimental design. After one round containing
20 trials, a total correctness rate was given, followed by feedback on total bonuses (see Fig. 1a). To fully assess
changes in participants’ emotional states induced by the experimental manipulation, after playing with a part-
ner, participants were instructed to rate six emotions (guilt, shame, sadness, anger, happiness and pride) rather
than just guilt on 7-point scales (1 =rnot at all to 7 = very strongly), which was a setup with reference to previous
studies?! 23323,

Each participant played two rounds with one partner, totally played four rounds. Participants were told that if
the correct rates of the two players were both higher than 60%, one player, who was designated as the beneficiary
prior to each round, would get a bonus (i.e. ¥ 10); otherwise, the player would get no bonus (i.e. ¥ 0). In both the
control and guilt conditions, the participant was the beneficiary of the bonus in the first round, and the ostensible
partner was the beneficiary in the second round. In the control condition, both the participant and the partner
earned the bonus due to their good performance in two rounds (in the gaze-cueing task, this partner’s face was
defined as the control face). In the guilt condition, the participant earned the bonus in the first round due to the
good performance of both the participant and the partner, but in the second round, the ostensible partner did
not earn the bonus due to the participant’s poor performance (in the gaze-cueing task, this partner’s face was
defined as a guilt-directed face). The order of conditions was counterbalanced across participants.

Gaze-cueing task. In the gaze-cueing task (see Supplemental Material for details), a white fixation cross
was presented on the screen for 900 ms, followed by a central face with a direct gaze for 500 ms. Then, depending
on the SOA, the same face with a gaze averted rightward or leftward was presented for 200 ms or 700 ms*. After
that, an asterisk (0.48°x0.48°) was presented as a target on the left or right side of the screen until a response
was made (see Fig. 1b). Participants were informed that the direction of gaze of the face was not informative
and were instructed to identify the target location as quickly and accurately as possible with no requirement to
maintain central fixation. If the target appeared on the left, participants were asked to press “1” with their right
index finger on the numeric keypad of a full-sized keyboard; if it appeared on the right, participants were asked
to press “4” with their right middle finger. Each participant completed 448 trials, preceded by 16 practice trials.
The trial order was randomized with 50% congruent and 50% incongruent trials in the control as well as the
guilt condition.
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Figure 1. Experiment procedure. Upper panel (a): the face-specific guilt-induction task—an example of

the guilt condition is depicted. At the beginning of each round, a partner, indicated by a face, and the bonus
recipient, indicated by words, were shown. During each trial, images of the participant and the partner’s faces
were presented on the outcome and feedback screen. The text in the screenshots of face-specific guilt-induction
task was originally Chinese (see Supplemental Material for details). Lower panel (b): the gaze-cueing task—
sample trials using a congruent condition example. The owners of example facial images consented to their
portraits being published in any academic journal. Images were photograghs of four Chinese models and
standardized with Photoshop software (version 22.5.8, www.adobe.com/products/photoshop).
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Data analysis. All t-test and repeated-measures analysis of variance were performed using SPSS 18 soft-
ware. Paired sample t-tests were conducted for the follow-up pairwise comparison. All follow-up pairwise com-
parisons were Bonferroni corrected. Cohen’s d and 52 were used to estimate the effect size. We also reported the
Bayes Factor (BF,,), which was estimated by JASP software (version 0.11.1, JASP Team, 2019, jasp-stats.org) to
provide ground for the magnitude of support for the alternative hypothesis over null hypothesis. Besides, Bayes
Factors range from 0 to oo, and a Bayes factor above 1 (specifically, 1 to 3 means a weak degree, 3 to 10 means a
moderate degree, and 10 or more means a strong degree) indicates the stronger the degree to which the alterna-
tive hypothesis predicts the data than vice versa®.

In the analyses of RTs, anticipations (RTs < 100 ms) and delays (RTs > 3000 ms) were defined as outliers (0.09%
of trials) and excluded from analysis. Errors (0.85% of trials) and further outliers (defined as RTs three SD above
or below a participant’s mean 1.75% of trials) were excluded from the analysis. Previous studies have shown differ-
ences in the processing of gaze direction according to the sex of the participant**-*. Thus, in order to explore the
possible sex differences in this study, participants’ sex was added into the repeated-measures analysis of variance
as a variable. However, we did not find a significant main effect of participant sex and interaction with any other
factors, Fs< 1, ps>0.1 (see Supplemental Material for details), so participant sex was not included in the analysis.

Results

Manipulation check. In the guilt condition, the ratings of guilt were significantly higher than the ratings of
other emotions, s (36) >2.78, ps<0.01, Cohen’s ds > 0.458, all BF,,>4.888. Participants reported higher levels of
guilt towards the face used in the guilt condition than in the control condition, t (36) =7.04, p <0.001, Cohen’s
d=1.158, BF},> 1000, indicating that our manipulation was successful (see Table 1). In the control condition, the
ratings of happiness and pride were significantly higher than the ratings of these emotions in the guilt condition,
ts (36) < —4.61, ps<0.001, Cohen’s ds < —0.757, all BF,,>100, and the ratings of shame and sadness were higher
in the guilt condition than the control condition, ts (36) > 2.64, ps <0.05, Cohen’s ds>0.434, all BF},>3.542.

Reaction times. A 2 (face type: guilt-directed faces vs control faces) x 2 (congruency: congruent vs incon-
gruent) x 2 (SOA: 200 ms vs 700 ms) repeated-measures analysis of variance (ANOVA) of mean RTs (for each
participant, the mean RT in each experimental condition was calculated and used in analyses) revealed a sig-
nificant main effect of congruency, F(1, 36) =20.762, p <0.001, ;7 = 0.366, due to shorter RTs in gaze-congruent
trials (467.35+83.39, M+ SD) than in gaze-incongruent trials (480 50+79.85), as well as the main effect of SOA,
F(1, 36) =240.052, p<0.001, n?% = 0.870, due to shorter RTs at 700 ms SOA (448.02 +77.87) than at 200 ms SOA
(499.83 £85.55). The main efl}e)ct of face type was not 51gn1ﬁcant F(1, 36)=0.005, p=0.946. The SOA x congru-
ency interaction was significant, F(1, 36) =7.326, p=0.010, r; = 0.169. Follow-up pairwise comparisons showed
that the RTs on gaze-incongruent trials were significantly longer than that on gaze-congruent trials at 200 ms
SOA, 1(36)=5.241, p<0.001, Cohen’s d=0.810, BF,,>1000, but not significant at 700 ms SOA, #(36)=1.819,
p=0.059, Cohen’s d=0.321, BF,,=0.972.

Criticall 2y the three-way interaction between face type, congruency and SOA was significant, F(1, 36) =5.152,
p=0.029,n; = 0.125 (see Fig. 2a). Follow-up Bonferroni-corrected pairwise comparisons (see Table 2) revealed
that, at 200 ms SOA, the RTs in gaze-incongruent trials were significantly longer than those in gaze-congruent
trials for both guilt-directed faces, #(36) =3.997, p <0.001, Cohen’s d=0.657. BF ,=90.499, and control faces,
1(36) =3.360, p=0.002, Cohen’s d=0.552, BF,;=18.062; at 700 ms SOA, the difference in RTs between con-
gruent and incongruent trials was significant only for control faces, t(36) =2.783, p=0.009, Cohen’s d=0.457,
BF,;,=4.801, not for guilt-directed faces, #(36) =0.220, p=0.827, Cohen’s d=0.036, BF,;=0.181. Neither the
SOA x face type interaction nor the face type x congruency interaction approached statistical significance, Fs< 1,
ps>0.751.

To investigate whether the magnitude of GCE is modulated by face type and SOA, we further calculated the
GCE (mean incongruent RTs minus mean congruent RTs) and conducted an ANOVA w1th face type and SOA.
A significant interaction between face type and SOA was found, F(1, 36) =5.23, p=0.029, n =0.13 (see Fig. 2b).
Follow-up Bonferroni-corrected pairwise comparisons showed that the GCE decreased greatly for guilt-directed
faces at 700 ms SOA compared with control faces, #(36) = —2.179, p=0.035, Cohen’s d= —0.361, BF,,=1.488,
but not at 200 ms SOA, #(36) =0.829, p=0.413, Cohen’s d=0.136, BF,,=0.243.

Emotion Guilt Control t(36) |p Cohensd | BF,,
Guilt 3.43+1.64 | 1.97+1.09 7.04 <0.001 1.158 >1000
Shame 243+1.30 |1.78+1.18 2.64 0.012 | 0.434 3.542
Anger 230+1.70 | 1.81+1.24 1.92 0.062 | 0.316 0.925
Pride 2.24+1.28 |3.49+1.48 | —-4.87 <0.001 | —0.801 973.704
Sadness 243+1.21 |1.51+£0.96 3.88 <0.001 | 0.638 66.565
Happiness 2.41+1.52 |3.68+1.68 | —4.61 <0.001 | -0.757 468.357

Table 1. Results (M + SD) of the manipulation check for the face-specific guilt-induction task.
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Figure 2. Interactions between face type, SOA and gaze congruency. The left panel (a) shows the three-way
interaction between face type, SOA and gaze congruency. The right panel (b) shows the two-way interaction
between SOA and face type. RT = reaction time. Gaze-cueing effect = RT;,congruent gare = Rcongruent gaze)- P <0.05,
**p<0.01, **p <0.001, ns non significance. Bars depict M+ SE.

Control faces Guilt-directed faces

200 700 200 700
Incongruent 508.16+78.50 454.16 +83.36 511.00+88.26 448.66 +76.05
Congruent 491.55+92.00 441.54+78.22 488.59+90.77 447.73+£80.63
GCE 16.62+30.08 12.62+£27.58 22.42+34.12 0.93+25.55
t 3.360 2.783 3.997 0.22
P 0.002 0.009 <0.001 0.827

Table 2. Reaction times (M +SD, ms) for gaze congruency, face type and SOA. GCE = RT};congruent = RTcongruens
The p-values show the results of the post hoc tests comparing RT differences between gaze-congruent and
gaze-incongruent conditions.

Discussion

In the current study, we combined a face-specific guilt-induction task and a gaze-cueing paradigm to investigate
whether the GCE is modulated by guilty emotion associated with a cueing face during a prior interaction. We
found that a three-way interaction between guilt condition, gaze-congruency and SOA such that, at 700 ms but
not 200 ms SOA, guilt condition modulated the gaze-cueing effect, and the magnitude of the GCE for guilt-
directed faces was significantly smaller than that for control faces, as strongly evidenced by the Bayes factors.
This was such that the gaze-cueing effect emerged at an equivalent magnitude irrespective of guilt condition at
200 ms SOA but only occurred in the control condition at 700 ms SOA.

There are several possible interpretations of the GCE doesn’t emerge for guilt-directed faces. One possibil-
ity is that the feeling of guilt reduces the social interaction value of victims’ faces. Although guilt is considered
an adaptive emotion that helps transgressors to maintain and improve relationships by asking for forgiveness
or by making amends®**. In our task, we did not give participants any way to compensate; in this case, the
participants probably believed that the victim would resent them and would not want to socialise with them.
Thus, participants may have been selectively less responsive to the gaze of guilt-directed faces, resulting in the
disappearance of the GCE. Another possibility may be that the guilty feeling motivates social avoidance. After
experiencing guilt, participants tended to change their behaviours to alleviate negative feelings. In our experi-
ment, participants’ poor performance led to their partner’s loss, and they did not have the chance to compensate
for their behaviours. Consequently, it is possible that seeing the victim’s eyes reminded participants of their poor
performance in the prior task, reduced self-evaluation and enhanced the experience of guilt. To avoid this nega-
tive emotional experience, individuals may decrease their attention to the victim’s gaze.

To further determine whether the absence of GCE for guilt directed faces at 700 ms SOA was due to slower
attention orientation or faster attention disengagement in the guilt condition, we did a further analysis (see
Supplemental Material for details). We found that, in the cue-target congruent trials, participants had a slightly
slower response to following the gaze direction of guilt-directed faces (448 ms) compared with control faces
(442 ms), whereas at cue-target incongruent trials, participants tended to respond slightly faster to the target
location in the guilt-directed faces condition (449 ms) than in the control faces condition (454 ms). This finding
suggests that the feeling of guilt impedes an individual’s attention to orient to the location cued by cueing faces
and prompts their attention to disengage from the cued location. These results need to be interpreted cautiously
because, at 700 ms SOA, we did not find any significant difference in response times between guilt-directed faces
and control faces in either the cue-target congruent or the cue-target incongruent trials.
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Similar to previous studies, the findings of this study suggest that social information about a face acquired
through an interactive game or background knowledge could influence a subsequent GCE elicited by this cueing
face!'®***¢, For example, the social reliability of faces learned from prior tasks affects participants’ responses to
the gaze cues of these faces*’, which suggests that our gaze response to others’ gazes can be influenced by prior
social interaction with others.

In addition, we found that the GCE was modulated by face type at long SOA condition, but not at short SOA
condition, which suggests that the modulation of guilt occurred at a later stage of processing, rather than at an
earlier stage. This finding is consistent with electrophysiological evidence reporting that the modulation of social
context on gaze direction processing appears in late event-related potential (ERP) components (for a review*®).
This, however, contradicts previous findings that have reported that possible modulation of social factors on
GCE is observed mostly at shorter SOAs (i.e., 200 ms*”*’). The finding of this study showed that the gaze and
guilt emotion require time to be integrated. In the early processing stage, social attention orienting triggered by
eye gaze is automatic and involuntary, and unaffected by guilt, whereas during the later processing phase, guilt
associated with specific faces top-down suppresses the attentional shift triggered by eye cues.

Notably, in addition to guilt, we also found significant differences between the guilt and control condition
in the rating scores of shame, sadness, happiness and pride. This finding suggests that guilt is a complicated
emotion®**. Importantly, the results of this study showed the ratings of guilt were higher than those of other
emotions in the guilt condition, and the rating differences of guilt between the guilt and control condition were
larger than that of other emotions, indicating the GCE differences between the guilt and control condition are
predominantly contributed by guilt. Nevertheless, we cannot rule out the contribution of emotions other than
guilt. Future research could optimise the experimental design to distinguish the contributions of different emo-
tions to the experimental effect.

This study has some limitations. Firstly, we did not consider the gender effect between the face cue and the
participants as a variable; instead, we only involved same-sex peers. In some cases women can show a greater
gaze cueing effect than men***!, so gender could be of interest when running gaze cueing studies. Therefore,
it is unclear whether the attention-shifting induced by the same guilt-directed face cue would differ between
same-sex and opposite-sex individuals. Future research could investigate this aspect further. Secondly, we asked
participants to self-report on their emotional states immediately after the guilt-induction task to check whether
the operation was effective, as has been done in previous studies?**’. However, it is inevitable that introspection
about one’s emotional state may affect the experimental results. Future studies should require participants to
self-report their emotional states after completing all experimental tasks to exclude the effect of emotional state
introspection. Thirdly, since only Chinese volunteers were employed in this experiment, it is unclear if persons of
other races would reach the same conclusions. For instance, Caucasian participants may have a distinct experi-
ence due to cultural background modification. Given the predicted reduction in caring for outcomes experienced
by peers, Caucasian participants with a more individualistic viewpoint may be less vulnerable to guilt induction
modulation (especially with strangers)>!. Therefore, future studies could use Caucasian participants to further
explore the possible cultural differences in the modulation of guilt on GCE.

In summary, the present study has demonstrated that feelings of guilt arising from a prior social interaction
can modulate GCE, an effect that was further modulated by different SOAs, suggesting that high-level social
information learned from social interactions guides our social attention.

Data availability
The data, material and experimental programs of this study are available at https://data.mendeley.com/datas
ets/m585w9g6r6.

Received: 26 October 2022; Accepted: 25 March 2023
Published online: 01 April 2023

References
1. Colombatto, C., Chen, Y.-C. & Scholl, B. J. Gaze deflection reveals how gaze cueing is tuned to extract the mind behind the eyes.
Proc. Natl. Acad. Sci. US.A. 117(33), 19825-19829. https://doi.org/10.1073/pnas.2010841117 (2020).
2. Frischen, A., Smilek, D., Eastwood, J. D. & Tipper, S. P. Inhibition of return in response to gaze cues: The roles of time course and
fixation cue. Vis. Cogn. 15(8), 881-895. https://doi.org/10.1080/13506280601112493 (2007).
3. Kuhn, G. & Kingstone, A. Look away! Eyes and arrows engage oculomotor responses automatically. Atten. Percept. Psychophys.
71(2), 314-327. https://doi.org/10.3758/ APP.71.2.314 (2009).
4. Dalmaso, M., Edwards, S. G. & Bayliss, A. P. Re-encountering individuals who previously engaged in joint gaze modulates subse-
quent gaze cueing. J. Exp. Psychol. Learn. Mem. Cogn. 42(2), 271-284. https://doi.org/10.1037/xlm0000159 (2016).
5. Rogers, R. D. et al. I want to help you, but I am not sure why: Gaze-cuing induces altruistic giving. J. Exp. Psychol. Gen. 143(2),
763-777. https://doi.org/10.1037/a0033677 (2014).
6. Stephenson, L. J., Edwards, S. G. & Bayliss, A. P. From gaze perception to social cognition: The shared-attention system. Perspect.
Psychol. Sci. 16(3), 553-576. https://doi.org/10.1177/1745691620953773 (2021).
7. Friesen, C. K. & Kingstone, A. The eyes have it! Reflexive orienting is triggered by nonpredictive gaze. Psychon. Bull. Rev. 5(3),
490-495. https://doi.org/10.3758/BF03208827 (1998).
8. Driver, J. et al. Gaze perception triggers reflexive visuospatial orienting. Vis. Cogn. 6(5), 509-540. https://doi.org/10.1080/13506
2899394920 (1999).
9. Frischen, A. & Tipper, S. P. Orienting attention via observed gaze shift evokes longer term inhibitory effects: Implications for social
interactions, attention, and memory. J. Exp. Psychol. Gen. 133(4), 516-533. https://doi.org/10.1037/0096-3445.133.4.516 (2004).
10. Dalmaso, M., Castelli, L. & Galfano, G. Early saccade planning cannot override oculomotor interference elicited by gaze and arrow
distractors. Psychon. Bull. Rev. 27(5), 990-997. https://doi.org/10.3758/s13423-020-01768-x (2020).
11. McKay, K. T. et al. Visual attentional orienting by eye gaze: A meta-analytic review of the gaze-cueing effect. Psychol. Bull. 147,
1269-1289. https://doi.org/10.1037/bul0000353 (2021).

Scientific Reports |

(2023)13:5348 | https://doi.org/10.1038/s41598-023-32283-3 nature portfolio


https://data.mendeley.com/datasets/m585w9g6r6
https://data.mendeley.com/datasets/m585w9g6r6
https://doi.org/10.1073/pnas.2010841117
https://doi.org/10.1080/13506280601112493
https://doi.org/10.3758/APP.71.2.314
https://doi.org/10.1037/xlm0000159
https://doi.org/10.1037/a0033677
https://doi.org/10.1177/1745691620953773
https://doi.org/10.3758/BF03208827
https://doi.org/10.1080/135062899394920
https://doi.org/10.1080/135062899394920
https://doi.org/10.1037/0096-3445.133.4.516
https://doi.org/10.3758/s13423-020-01768-x
https://doi.org/10.1037/bul0000353

www.nature.com/scientificreports/

12. Dalmaso, M., Castelli, L. & Galfano, G. Social modulators of gaze-mediated orienting of attention: A review. Psychon. Bull. Rev.
27(5), 833-855. https://doi.org/10.3758/s13423-020-01730-x (2020).

13. Cazzato, V., Liuzza, M. T,, Caprara, G. V., Macaluso, E. & Aglioti, S. M. The attracting power of the gaze of politicians is modulated
by the personality and ideological attitude of their voters: A functional magnetic resonance imaging study. Eur. J. Neurosci. 42(8),
2534-2545. https://doi.org/10.1111/ejn.13038 (2015).

14. Liuzza, M. T. et al. Follow my eyes: The gaze of politicians reflexively captures the gaze of ingroup voters. PLoS ONE 6(9), e25117.
https://doi.org/10.1371/journal.pone.0025117 (2011).

15. Capellini, R., Riva, P, Ricciardelli, P. & Sacchi, S. Turning away from averted gazes: The effect of social exclusion on gaze cueing.
Front. Psychol. 10, 100. https://doi.org/10.3389/fpsyg.2019.01000 (2019).

16. Ciardo, E, Ricciardelli, P., Lugli, L., Rubichi, S. & Iani, C. Eyes keep watch over you! Competition enhances joint attention in
females. Acta Physiol. (Oxf.) 160, 170-177. https://doi.org/10.1016/j.actpsy.2015.07.013 (2015).

17. Silenbach, F. & Schonbrodt, F. Not afraid to trust you: Trustworthiness moderates gaze cueing but not in highly anxious partici-
pants. J. Cogn. Psychol. 26(6), 670-678. https://doi.org/10.1080/20445911.2014.945457 (2014).

18. Dalmaso, M., Castelli, L. & Galfano, G. Increased gaze cueing of attention during COVID-19 lockdown. iScience 24(11), 103283.
https://doi.org/10.1016/j.isci.2021.103283 (2021).

19. Hoffman, M. L. Affect and moral development. New Dir. Child Adolesc. Dev. 1982(16), 83-103. https://doi.org/10.1002/cd.23219
821605 (1982).

20. Yu, H. et al. A generalizable multivariate brain pattern for interpersonal guilt. Cereb. Cortex 30(6), 3558-3572. https://doi.org/10.
1093/cercor/bhz326 (2020).

21. Yu, H.,, Hu, J., Hu, L. & Zhou, X. The voice of conscience: Neural bases of interpersonal guilt and compensation. Soc. Cogn. Affect.
Neurosci. 9(8), 1150-1158. https://doi.org/10.1093/scan/nst090 (2014).

22. Zhu, R. et al. Early distinction between shame and guilt processing in an interpersonal context. Soc. Neurosci. 14(1), 53-66. https://
doi.org/10.1080/17470919.2017.1391119 (2019).

23. de Hooge, I. E., Nelissen, R. M. A, Breugelmans, S. M. & Zeelenberg, M. What is moral about guilt? Acting “prosocially” at the
disadvantage of others. J. Pers. Soc. Psychol. 100, 462-473. https://doi.org/10.1037/a0021459 (2011).

24. Van Dillen, L. E, Enter, D., Peters, L. P. M., van Dijk, W. W. & Rotteveel, M. Moral fixations: The role of moral integrity and social
anxiety in the selective avoidance of social threat. Biol. Psychol. 122, 51-58. https://doi.org/10.1016/j.biopsycho.2016.01.016 (2017).

25. Yu, H., Duan, Y. & Zhou, X. Guilt in the eyes: Eye movement and physiological evidence for guilt-induced social avoidance. J. Exp.
Soc. Psychol. 71, 128-137. https://doi.org/10.1016/j.jesp.2017.03.007 (2017).

26. Furukawa, Y., Nakashima, K., Tsukawaki, R. & Morinaga, Y. Guilt as a signal informing us of a threat to our morality. Curr. Psychol.
40(5), 2122-2132. https://doi.org/10.1007/s12144-019-0144-4 (2021).

27. Carlin, J. D. & Calder, A. J. The neural basis of eye gaze processing. Curr. Opin. Neurobiol. 23(3), 450-455. https://doi.org/10.1016/j.
conb.2012.11.014 (2013).

28. Senju, A. & Johnson, M. H. The eye contact effect: mechanisms and development. Trends Cogn. Sci. 13(3), 127-134. https://doi.
org/10.1016/j.tics.2008.11.009 (2009).

29. Takahashi, H. et al. Brain activation associated with evaluative processes of guilt and embarrassment: An FMRI study. Neuroimage
23(3), 967-974. https://doi.org/10.1016/j.neuroimage.2004.07.054 (2004).

30. Li, Z., Yu, H., Zhou, Y., Kalenscher, T. & Zhou, X. Guilty by association: How group-based (collective) guilt arises in the brain.
Neurolmage 209, 116488. https://doi.org/10.1016/j.neuroimage.2019.116488 (2020).

31. Zhu, R, Feng, C., Zhang, S., Mai, X. & Liu, C. Differentiating guilt and shame in an interpersonal context with univariate activation
and multivariate pattern analyses. Neuroimage 186, 476-486. https://doi.org/10.1016/j.neuroimage.2018.11.012 (2019).

32. Leng, B., Wang, X., Cao, B. & Li, E Frontal negativity: An electrophysiological index of interpersonal guilt. Soc. Neurosci. 2016,
1-12. https://doi.org/10.1080/17470919.2016.1223749 (2016).

33. Sanchez-Garcia, J. et al. Neurofunctional characterization of early prefrontal processes contributing to interpersonal guilt. Cogn.
Affect. Behav. Neurosci. 19(5), 1192-1202. https://doi.org/10.3758/s13415-019-00748-6 (2019).

34. Carraro, L. et al. The appeal of the devil’s eye: Social evaluation affects social attention. Cogn. Process 18(1), 97-103. https://doi.
0rg/10.1007/s10339-016-0785-2 (2017).

35. Dalmaso, M., Zhang, X., Galfano, G. & Castelli, L. Face masks do not alter gaze cueing of attention: Evidence from the COVID-19
pandemic. i-Perception 12(6), 20416695211058480. https://doi.org/10.1177/20416695211058480 (2021).

36. Graham, R., Kelland Friesen, C., Fichtenholtz, H. M. & LaBar, K. S. Modulation of reflexive orienting to gaze direction by facial
expressions. Vis. Cogn. 18(3), 331-368. https://doi.org/10.1080/13506280802689281 (2010).

37. Dalmaso, M., Galfano, G., Coricelli, C. & Castelli, L. Temporal dynamics underlying the modulation of social status on social
attention. PLoS ONE 9(3), €93139. https://doi.org/10.1371/journal.pone.0093139 (2014).

38. Faul, E, Erdfelder, E., Lang, A.-G. & Buchner, A. G*Power 3: A flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav. Res. Methods 39(2), 175-191. https://doi.org/10.3758/BF03193146 (2007).

39. van Doorn, J. et al. The JASP guidelines for conducting and reporting a Bayesian analysis. Psychon. Bull. Rev. 28(3), 813-826.
https://doi.org/10.3758/s13423-020-01798-5 (2021).

40. Alwall, N., Johansson, D. & Hansen, S. The gender difference in gaze-cueing: Associations with empathizing and systemizing.
Person. Individ. Differ. 49(7), 729-732. https://doi.org/10.1016/j.paid.2010.06.016 (2010).

41. Bayliss, A. P, di Pellegrino, G. & Tipper, S. P. Sex differences in eye gaze and symbolic cueing of attention. Q. J. Exp. Psychol. Sect.
A 58(4), 631-650. https://doi.org/10.1080/02724980443000124 (2005).

42. Huang, L, Tian, Y., Zhao, G., Yang, J. & Hu, Z. Sex-dependent effects of threatening emotion on perceived gaze direction. J. Cogn.
Psychol. 34(6), 755-763. https://doi.org/10.1080/20445911.2022.2094386 (2022).

43. Shi, Y, Liu, J,, Hu, Z. & Gao, S. Opposing sex-dependent effects of oxytocin on the perception of gaze direction. Psychopharmacol-
ogy 237(3), 869-876. https://doi.org/10.1007/s00213-019-05423-9 (2020).

44. Zheng, Y, Shi, Y,, Jia, H., Gao, S. & Hu, Z. Intranasal oxytocin enhances the perception of ambiguous averted gaze in women but
not in men. Psychopharmacology 238(7), 2021-2029. https://doi.org/10.1007/s00213-021-05828-5 (2021).

45. Jordan, J., Flynn, E. J. & Cohen, T. R. Forgive them for I have sinned: The relationship between guilt and forgiveness of others’
transgressions: Guilt and forgiveness. Eur. J. Soc. Psychol. 45(4), 441-459. https://doi.org/10.1002/ejsp.2101 (2015).

46. Dalmaso, M., Pavan, G., Castelli, L. & Galfano, G. Social status gates social attention in humans. Biol. Lett. 8(3), 450-452. https://
doi.org/10.1098/rsbl.2011.0881 (2011).

47. Capozzi, F, Bayliss, A. P. & Ristic, J. Standing out from the crowd: Both cue numerosity and social information affect attention in
multi-agent contexts. Q. J. Exp. Psychol. 74(10), 1737-1746. https://doi.org/10.1177/17470218211013028 (2021).

48. Itier, R. ]. & Batty, M. Neural bases of eye and gaze processing: The core of social cognition. Neurosci. Biobehav. Rev. 33(6), 843-863.
https://doi.org/10.1016/j.neubiorev.2009.02.004 (2009).

49. Dalmaso, M., Galfano, G. & Castelli, L. The impact of same- and other-race gaze distractors on the control of saccadic eye move-
ments. Perception 44(8-9), 1020-1028. https://doi.org/10.1177/0301006615594936 (2015).

50. Nelissen, R. M. A. Guilt-induced self-punishment as a sign of remorse. Soc. Psychol. Person. Sci. 3(2), 139-144. https://doi.org/10.
1177/1948550611411520 (2012).

51. Bebko, G. M., Cheon, B. K., Ochsner, K. N. & Chiao, J. Y. Cultural differences in perceptual strategies underlying emotion regula-
tion. J. Cross Cult. Psychol. 50(9), 1014-1026. https://doi.org/10.1177/0022022119876102 (2019).

Scientific Reports | (2023) 13:5348 | https://doi.org/10.1038/s41598-023-32283-3 nature portfolio


https://doi.org/10.3758/s13423-020-01730-x
https://doi.org/10.1111/ejn.13038
https://doi.org/10.1371/journal.pone.0025117
https://doi.org/10.3389/fpsyg.2019.01000
https://doi.org/10.1016/j.actpsy.2015.07.013
https://doi.org/10.1080/20445911.2014.945457
https://doi.org/10.1016/j.isci.2021.103283
https://doi.org/10.1002/cd.23219821605
https://doi.org/10.1002/cd.23219821605
https://doi.org/10.1093/cercor/bhz326
https://doi.org/10.1093/cercor/bhz326
https://doi.org/10.1093/scan/nst090
https://doi.org/10.1080/17470919.2017.1391119
https://doi.org/10.1080/17470919.2017.1391119
https://doi.org/10.1037/a0021459
https://doi.org/10.1016/j.biopsycho.2016.01.016
https://doi.org/10.1016/j.jesp.2017.03.007
https://doi.org/10.1007/s12144-019-0144-4
https://doi.org/10.1016/j.conb.2012.11.014
https://doi.org/10.1016/j.conb.2012.11.014
https://doi.org/10.1016/j.tics.2008.11.009
https://doi.org/10.1016/j.tics.2008.11.009
https://doi.org/10.1016/j.neuroimage.2004.07.054
https://doi.org/10.1016/j.neuroimage.2019.116488
https://doi.org/10.1016/j.neuroimage.2018.11.012
https://doi.org/10.1080/17470919.2016.1223749
https://doi.org/10.3758/s13415-019-00748-6
https://doi.org/10.1007/s10339-016-0785-2
https://doi.org/10.1007/s10339-016-0785-2
https://doi.org/10.1177/20416695211058480
https://doi.org/10.1080/13506280802689281
https://doi.org/10.1371/journal.pone.0093139
https://doi.org/10.3758/BF03193146
https://doi.org/10.3758/s13423-020-01798-5
https://doi.org/10.1016/j.paid.2010.06.016
https://doi.org/10.1080/02724980443000124
https://doi.org/10.1080/20445911.2022.2094386
https://doi.org/10.1007/s00213-019-05423-9
https://doi.org/10.1007/s00213-021-05828-5
https://doi.org/10.1002/ejsp.2101
https://doi.org/10.1098/rsbl.2011.0881
https://doi.org/10.1098/rsbl.2011.0881
https://doi.org/10.1177/17470218211013028
https://doi.org/10.1016/j.neubiorev.2009.02.004
https://doi.org/10.1177/0301006615594936
https://doi.org/10.1177/1948550611411520
https://doi.org/10.1177/1948550611411520
https://doi.org/10.1177/0022022119876102

www.nature.com/scientificreports/

Author contributions

Z.H. and W.Z. conceived and designed the experiments. W.Z. performed the data acquisition and analyzed the
data. Z.H., W.Z., and ].Y. interpreted the data and drafted the manuscript. All authors revised and approved the
manuscript.

Funding
This work was supported by the National Social Science Fund of China (Grant Number BBA210032).

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/s41598-023-32283-3.

Correspondence and requests for materials should be addressed to Z.H.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023)13:5348 | https://doi.org/10.1038/s41598-023-32283-3 nature portfolio


https://doi.org/10.1038/s41598-023-32283-3
https://doi.org/10.1038/s41598-023-32283-3
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Guilt-inducing interaction with others modulates subsequent attentional orienting via their gaze
	Methods
	Participants. 
	Stimuli. 
	Procedure. 
	Face-specific guilt-induction task. 
	Gaze-cueing task. 
	Data analysis. 

	Results
	Manipulation check. 
	Reaction times. 

	Discussion
	References


