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Two behavioral motivations coexist in transgressors following an interpersonal trans-
gression—approaching and compensating the victim and avoiding the victim. Little is
known about how these motivations arise, compete, and drive transgressors’ decisions.
The present study adopted a social interaction task to manipulate participants’ (i.e., the
transgressor) responsibility for another’s (i.e., the victim) monetary loss and measure
the participants’ tradeoff between compensating the victim and avoiding face-to-face
interactions with the victim. Following each transgression, participants used a computer
mouse to choose between two options differing in the amount of compensation to the
victim and the probability of face-to-face contact with the victim. Results showed that as
participants’ responsibility increased, 1) the decision weights on contact avoidance rela-
tive to compensation increased, and 2) the onset of the contact-avoidance attribute was
expedited and that of the compensation attribute was delayed. These results demonstrate
how competing social motivations following transgression evolve and determine social
decision-making and shed light on how social-affective state modulates the dynamics
of decision-making in general.

social transgression | social-affective state | mouse-tracking | decision dynamics
multiattribute decision

Interpersonal transgression, such as breaches of social norms, moral values, or mutual
respect, are ubiquitous and inevitable in social life (1, 2). In its basic form, interpersonal
transgression takes place in dyads consisting of a transgressor and a victim, in which the
transgressor voluntarily or accidentally commits an action (or omission) that constitutes
the transgression, and the victim is the recipient of such action (or omission). Interpersonal
transgressions have costly consequences to both the transgressor and the victim, in the
form of both material/physical and mental/psychological losses (2). On the victim’s side,
in addition to material/physical losses, a transgression poses a threat to their relationship
with the transgressor and more broadly their status as a valued group member (3, 4). On
the transgressor’s side, committing a transgression may pose a threat to their moral self
(5), damage their relationship with the victim (6, 7), and expose them to blame and even
punishment from the victim or society (8).

Given these costly consequences, it is then critical for the physical and mental well-being
of both sides, their relationship, and the cohesion of the group and the functioning of
society at large that the transgressor seeks reconciliation with the victim. Past research has
identified two ways in which the transgressors react to the transgression and the victim
(9-12). On the one hand, a transgressor could adopt an approach tendency, such as
genuinely expressing guilt and remorse, offering apologies to and seeking forgiveness from
the victim, and providing material and/or psychological compensation (13-16). Extant
research in social psychology and affective science has shown that being responsible for
an interpersonal transgression not only elicits guilt in the transgressor but also leads the
transgressor to adopt the approach tendency (7, 16-20).

On the other hand, transgressors may adopt an avoidance tendency following a trans-
gression because approach tendencies may come at some costs on the transgressors’ side.
For example, acknowledging one’s own fault threatens one’s belief in a moral self, which
is associated with aversive feelings. Exposing oneself to the devaluations and negative
reactive attitudes of the victim is embarrassing and uncomfortable (21-24). Social contact
with the victim also run the risk of inviting retribution from the victim in future interac-
tions (25). For example, a study that manipulates the responsibility of the participants
(i.e., the transgressors) in causing physical harm to another (i.e., the victim) shows that
the participants would avoid direct eye contact with the victim during a virtual face-to-face
meeting with the victim when the participants are fully responsible for the victim’s harm;
making eye contact with the victim elicits stronger emotional arousal in the transgressor
(26). The costs of approaching the victim may lead the transgressors to avoid the victim,
such as escaping and hiding from the victim, denying the transgression, denying the full
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humanness of the victim, and even shifting blame to the victim
(27-30).

While past research has investigated the approach and avoid-
ance tendencies of transgressors following transgression separately,
these two behavioral tendencies or motivations need not be mutu-
ally exclusive. Indeed, some research has demonstrated that they
can coexist as two competing motivations that jointly determine
how a transgressor reacts to the transgression and the victim. For
example, Amodio et al. (9) observed opposite approach-avoidance
motivations from the transgressors’ electroencephalography activ-
ities in the early and late stages of social transgression (9), suggest-
ing that transgression-induced approach and avoidance
motivations may dynamically change over time. The temporal
dynamics of approach and avoidance motivations reveal the under-
lying cognitive processes following social transgression. For
instance, the approach motivation may emerge rapidly, reflecting
an intrinsic tendency to make amend and benefit the victim.
Conversely, the avoidance motivation may emerge later after the
transgressor is aware of the potential negative consequences of
interacting with the victim, such as embarrassment and risks of
retribution. This delayed emergence could be modulated by, for
example, transgressor’s responsibility in causing the interpersonal
harm. The goal of the present study was to investigate whether
the temporal prioritization between the two tendencies adjusts in
accordance with the individual’s moral and social-affective states,
such as the responsibility in causing interpersonal harm and the
social emotions associated with it.

To address these questions, we utilize a decision-making frame-
work to examine how the participants prioritize the processing of
specific decision attributes that are, respectively, linked to the moti-
vations of compensation and contact avoidance. We combined an
established interpersonal transgression task (16, 31) with mouse
tracking technique and computational modeling (32). In the task,
we varied the levels of the transgressor’s responsibility in causing
the victim’s loss to create different social-affective states in the trans-
gressor. To probe the transgressor’s approach and avoidance moti-
vations following a transgression, we asked the participant to make
two-attribute binary choices with each option containing the
amount of money allocated to the victim as compensation (target-
ing approach motivation) and the probability of having a
face-to-face contact with the victim (targeting avoidance motiva-
tion). Since mouse-tracking is a sensitive tool that provides a tem-
porally precise measure of the dynamics of multiple decision
components or attributes (for a review, see ref. 33), we tracked the
full dynamics of the decision process when the participants moved
their mouse from the bottom center of the screen to choose one of
the options on the upper-left and upper-right corners of the screen.

Computational modeling was applied to disentangle the impact
of each decision attribute on the momentary moving speed of the
mouse cursot, which enabled us to pinpoint the temporal dynam-
ics of approach and avoidance motivations independently. We
expected a temporal prioritization of the processing of approach/
compensation motivation relative to the processing of avoidance/
distancing motivation due to the prosocial nature of guilt
(34, 35). Therefore, the attribute of monetary amount would have
an carlier impact than that of the attribute of contact probability
on the participants’ mouse movements. We also predicted that the
conflict between the approach and avoidance motivations would
occur in the later stage of the decision when both motivations
have accumulated strength in the process. We further predicted
that such a temporal prioritization would be modulated by the
transgressor’s social-affective states. Specifically, we predicted that
the transgressor’s concern about social contact increases when their
responsibility in causing the victim’s loss increased. As a result, the
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temporal processing of contact avoidance would be expedited and
the processing of monetary compensation would be delayed when
the concern of avoidance motivation increased relative to that of
compensatory motivation.

Results

The Interpersonal Paradigm Used to Simulate Social Transgression.
The task involves an interpersonal paradigm to induce different
levels of guilt and embarrassment in the transgressor following an
unintentional social transgression (Fig. 14). On each trial, each
Player A was paired with a Player B to collaborate on a visual
search task. Either one failing the task would cost Player B of
each pair, but not Player A, ten monetary units (M.U.). Player
A’s responsibility in causing Player B’s monetary loss gradually
increases from the condition when only Player B failed the task
(partner-failed), to the condition when both players failed the task
(both-failed), and then in the condition when only Player A failed
the task (self-failed). The number of trials across the conditions
was balanced by a control algorithm (Fig. 1 B-C), without the
participants’ awareness (S/ Appendix, Fig. S2).

On the trials where Player B lost money, Player A was subse-
quently asked to choose between two options, each characterized
by two decision attributes: the amount of monetary compensation
to Player B (i.e., attribute 72) and the probability of experiencing
face-to-face interaction with Player B through a video camera later
on that trial (i.e., attribute p) (Fig. 1D). The two options were
marked as Option 1(with 2, and p;) and Option 2 (with 7, and
22) for subsequent data analysis; however, the participants were
not aware of these labels as the left or right positions of the two
options were randomized across trials. The differences in the offer
values between the two options were defined as Am = m; — m,
and Ap = p; — p, and controlled by a self-adaptive algorithm to
optimize the task efficiency in revealing the participant’s prefer-
ences within limited number of trials (Fig. 1B and S/ Appendix,
Methods). The social context was carefully designed to target
Player A’s approach motivation (e.g., compensating Player B) and
social avoidance motivation (e.g., avoiding being seen by Player
B) with the two decision attributes, respectively (Methods). It is
possible that Player A’s monetary preference and emotional reac-
tions to face-to-face contact with Player B differ across individuals.
For example, altruistic compensation may not be desirable for all
participants, as some may prefer their partner to be worse off
financially (36, 37); similarly, video contact with the victim may
not be aversive for all of the participants. The possible combina-
tions of the valence of m or p [i.e., appetitive (+) or aversive (-)]
result in four types of preference (i.c., m + p—, m+ p+,m — p+,
and m — p—), which was well accommodated in the self-adaptive
algorithm (Fig. 1C and SI Appendix, Methods).

To make a choice, Player A needed to move the mouse cursor
from the bottom center of the screen to one of the options at
the upper left and right corners of the screen (Fig. 1D; see
details in 87 Appendix, Methods). We tracked Player A’s mouse
movement as they made their choices. Previous studies show
that time pressure is important for motivating an individual to
consider the importance and the prioritization of different deci-
sion attributes (38, 39). The Player A participants were asked
to make their choices within varying time limits (see the dis-
tribution of time limits in the inset of Fig. 14; see details in
SI Appendix, Methods); otherwise, their choice would be deter-
mined by a computer algorithm. The participants were asked
to rate their emotions at the end of each trial (guilt and embar-
rassment for Player A; anger and embarrassment for Player B,
which were not reported here).
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Fig. 1. Procedure and tasks. (A) After the random assignment of the roles in the beginning of the experiment (illustrated on the top), Player A and Player B
were re-paired on each trial to go through the interactive task. The /nset in the middle shows the four outcomes from the cooperative visual search task, and
the Inset on the left shows the empirical distribution of time pressure on Player A's binary choices. (B) lllustration of the self-adaptive algorithm to generate the
values of the compensatory amount (m) and contact probabilities (p) in Option 1 (m;, p;) and Option 2 (m,, p,). The value differences between the two options
(Am =m; —m,and Ap = p; — p,) consist of two out-of-phase triangular waves as a function of . (C) The landscape of adaptation. The self-adaptive algorithm
in B led to different landscapes of adaptation for different types of preferences. The balls and arrows illustrate the offer values (corresponding to the ¢ value
indicated on the x axis) and adaptation directions for each type of preference. The type of preferences is characterized by the perceived valence of mand p (i.e.,
appetitive: +; aversive: -) and is indicated on the top of each sub-panel. Each type of preference converged to a ¢ value that corresponds to an offer set that is
optimal for revealing the information about the preference. (D) Example screen of Player A’s choice.

Self-Reported Emotions and Final Decisions. As a manipulation
check, we first examined whether the social interaction paradigm
successfully induced the social emotions as we expected. To this
end, we carried out repeated-measures ANOVA separately for
Player A's guilt and embarrassment ratings. We found that the
ratings of both guilt and embarrassment significantly differed
across conditions (guilt: , ,, =72.61, P < 0.001; embarrassment:
F, 5,=26.23, P<0.001). Post hoc paired t tests showed that both
guilt and embarrassment ratings were significantly higher when
the participants were more responsible in causing the partner’s loss
(guilt: self-failed > both-failed: #, = 7.94, P < 0.001; both-failed
> partner-failed: 7 = 6.09, P < 0.001; embarrassment: self-failed
> both-failed: #;; = 4.66, P < 0.001; both-failed > partner-failed:
136 = 3.65, P < 0.001) (Fig. 2 4 and B). These results confirmed
the effectiveness of our paradigm in inducing the target emotions,
suggesting that the social interaction contexts were engaging.
Further, because the emotion ratings were made after the
choices about compensation and video contact, the self-reported
emotions may reflect how these choices and social consequences
influence participants’ felt emotions. To pinpoint this potential
influence, we regressed the emotion ratings against the amount
of money compensated in the current trial and the occurrence of
video contact (1 = video contact occurred, 0 = no video contact).
In addition to the main effects of condition, as we reported above
(guilt: f = 2.60, SE = 0.30, ,, = 8.70, < 0.001; embarrassment:
p =1.25, SE = 0.25, #4, = 5.03, P < 0.001), the linear mixed
regressions revealed a double dissociation with respect to the
impacts of monetary compensation and video contact on guilt
and embarrassment ratings of Player A (conditions were coded as
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ordinal variables in the regressions, with partner-failed = 1,
both-failed = 2, and self-failed = 3). For guilt, the main effect of
the monetary compensation was not significant (f = 0.031, SE =
0.073, #5, = 0.42, P = 0.68), whereas a significant interaction was
found between the amount of money and the experimental con-
ditions (f = -0.065, SE = 0.030, ty0; = ~2.13, P = 0.034).
Participants’ guilt ratings significantly decreased as the amount of
monetary compensation increased in self-failed and both-failed
conditions but not so in the partner-failed condition (self-failed:
f = -0.17, SE = 0.054, #;53 = -3.12, P = 0.003; both-failed:
p =-0.12, SE = 0.048, #;, = -2.48, P = 0.017; partner-failed:
f=-0.031, SE = 0.031, £, = -1.00, P = 0.32). Guilt ratings were
not significantly modulated by the occurrence of video contact
(main effect: f=0.72, SE = 0.65, 1,44, = 1.12, P = 0.26; interaction
with conditions: f = -0.056, SE = 0.280, ,,, = -0.20, P = 0.84)
(Fig. 2A). In contrast, ratings of embarrassment were significantly
higher after video contact (main effect: f = 1.99, SE = 0.65, £,46
= 3.07, P = 0.002; interaction with conditions: g = -0.32, SE =
0.27, )093 = -1.19, P = 0.23), but no such association was found
between embarrassment ratings and the amount of monetary
compensation (main effect: # = 082, SE = 0.07, #,, = 1.17, P =
0.24; interaction with conditions: f = -0.041, SE = 0.029, #,ye,
= -1.39, P = 0.16). These results demonstrated associations
between the two emotions and the subsequent behaviors: the
transgressor’s feeling of guilt was alleviated after more money was
compensated to the victim, while the feeling of embarrassment
was intensified after the passive social contact. However, it is
important to note that in our current design, self-reported emo-
tions were measured only as psychological consequences of social
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Fig. 2. Transgression-induced emotions and choice behavior. (A and B) Participants’ (Players A's) self-reported guilt and embarrassment at the end of each
trial. (Cand D) The regression decision weights on monetary compensation (b, golden) and video contact probability (b,, blue) estimated from the participants’
binary choices. Colored dots indicate the random effects; black lines, squared dots, and whiskers indicate, respectively, the distributions, mean, and interquartile

of the fixed effects.

events (e.g., transgression, compensation, and video contact). We
acknowledge that in complex, life-like social interactions such as
our current task, it is unlikely that behavioral tendencies (e.g.,
compensation and contact avoidance) are solely driven by any one
discrete emotion. Instead, it is possible that multiple cognitive
and affective processes jointly drive a behavioral tendency.

We hypothesized that as participants’ perceived responsibility
for interpersonal harm and their emotional reactions intensified,
they would become more concerned about the embarrassing
encounter during the video contact and/or a heightened proba-
bility of being frowned upon. This would consequently shift their
decision-making process, resulting in a rebalanced trade-off
between compensation and avoidance in their choices. To test this,
we examined how the participants weighed the attributes of mon-
etary compensation (i.e., Am) and the probability of video contact
(i.e., Ap) in their decisions. Positive or negative decision weights
indicate that the corresponding attribute is appetitive or aversive
to the participants, respectively. Hierarchical logistic regressions
on participants’ binary choices (Option 1 was coded as 1, Option
2 was coded as 0) showed that the fixed effects of participants’
decision weights on monetary compensation (4,,) were signifi-
cantly positive across all conditions, indicating a consistent pref-
erence for benefiting the victim (Fig. 2C, envelope lines
surrounding the golden dots indicating the fixed effects of regres-
sions; partner-failed: mean = 9.69, 95% CI = [5.49, 14.86];
both-failed: mean = 9.57, 95% CI = [5.04, 15.31]; self-failed:
mean = 3.98, 95% CI = [2.20, 6.19]). On the contrary, the fixed
effects of decision weights on video contact probability (4,) were
significantly negative in the both-failed and the self-failedp condi-
tions but not significantly different from 0 in the partner-failed
condition. This pattern indicated that video contact with the vic-
tim was aversive to the participants when the participants were
fully or partially responsible for the victim’s loss and had no impact
on the participants’ choice when the participants were not respon-
sible for the victim’s loss (Fig. 2D, envelope lines surrounding the
blue dots indicating the fixed effects of regressions; partner-failed:
mean = -0.02, 95% CI = [-0.38, 0.33]; both-failed: mean =
-1.15,95% CI = [-1.71, -0.69]; self-failed: mean = -1.22, 95%
CI = [-1.87, -0.64]). These results suggest that the transgressor
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shows both compensation-seeking and contact-avoidance tenden-
cies after social transgression, confirming the hypothesis that the
social contact avoidance motivation coexists with the compensa-
tion motivation in the social transgressor.

More interestingly, when we compared the difference in the
decision weights across conditions (characterized by the estimated
random effects; the golden and blue dots in Fig. 2 Cand D), we
found that &,, was significantly lower in the self-failed condition
than in the partner-failed and the both-failed conditions (self-failed
< partner-failed: zg = -4.06, Cohens D = -0.71, P < 0.001;
self-failed < both-failed: #; = -4.09, Cohen’s D = -0.66, P< 0.001;
no significant difference between partner-failed and both-failed:
135 = 0.01, Cohen’s D = 0.00, P = 0.99). In contrast, bp was more
negative in the both-failed and self-failed conditions than in the
partner-failed condition (both-failed < partner-failed: z, = -11.31,
Cohen’s D = -2.21, P < 0.001; self-failed < partner-failed: # =
-6.55, Cohen’s D = -1.44, P < 0.001; no significant difference
between self-failed and both-failed: #, = -0.44, Cohen’s D =
-0.07, P = 0.66). This pattern suggests that the decision weight
on benefiting the victim (i.e., monetary compensation) wanes as
the concern about social contact increases (Fig. 2C). Since the
collinearity between the estimated 4,,, and b, was low (81 Appendix,
Fig. §7), the trade-offs between the two decision weights reflect a
genuine competition between the two motivations within the
participants instead of an artifact introduced during parameter
estimation. This reveals a unique aspect of the transgressors’ social
responses following a transgression. Previous studies of guilt and
compensation have consistently shown that transgressors’ com-
pensation or willingness to compensate increases as their respon-
sibility in causing the victim’s harm increases (6, 16, 40). However,
unlike the present study and everyday social interactions, none of
these previous studies has a life-like social contact component in
their experimental design. Therefore, they are not able to examine
how the motives for benefiting the victim and avoiding social
contact with the victim interact to determine the transgressor’s
response. To further investigate how the two motives evolve and
interact over time, we examined the temporal dynamics of the
processing of these two attributes based on the participants’ mouse
movement trajectories.
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Asynchronous Processing of Compensation and Contact Avoi-
dance. The choice trajectories provide detailed information about
how the cognitive processes underlying decision-making unfold
over time before the final decision is reached. The horizontal
component of mouse movement velocity (v),) reflects a participant’s
momentary preference for an option relative to the other (Fig. 34).
Our validation analysis confirmed that v, toward a higher value
option parametrically tracked the value difference between
the two options (SI Appendix, Fig. S4). Thus, we regressed the
attribute values (i.e., Az and Ap) on vy, over 100 time bins equally
distributed over the reaction time (RT) of each trial. The goal of this
analysis is to reveal the dynamics of momentary decision weights on
monetary compensation (&,, ;) and video contact probability (4, ,)
during the decision-making process. Hierarchical linear regression
showed that 4, , ramped up to be significantly positive in the late
stage of decision (around the 60th time bin) across all conditions
(golden lines in Fig. 3B; asterisks above the shadow of 95% CI
indicated significance after multicomparison correction described in
SI Appendix, Methods), suggesting that the participants’ preferences
for monetary compensation gradually built up during the courses
of decisions across all conditions. In contrast, 4, , drifted down to
be significantly negative in the late stage of decision only in the
both-failed and self-failed conditions but not in the partner-failed
condition (blue lines in Fig. 3B), indicating that contact avoidance
emerged to be a behaviorally relevant concern only in the both-
failed and self-failed conditions. The general pattern of dynamics
was consistent with the decision weights from binary choices.

To quantify the rising time of the dynamics, we calculated the
carliest significant time point (ESTP) of each time series by boot-
strapping (SI Appendix, Methods). ESTP indicates the earliest time
point on a time series of the regression parameters that reaches
statistical significance after multiple-comparison correction. Fig. 3D
illustrates the distributions of ESTP for 4,,, , (golden) and bp)l (blue)
across conditions. These distributions showed that the ESTP of4,,, ,
was eatlier than 4, , in the both-failed condition but show no sig-
nificant difference from 4, , in the self-failed condition (both-failed
condition: ESTP of ,,, = 69.02 + 6.06, ESTP of 4, , = 89.27 +
6.94, difference = -20.26 + 9.20, 95% CI = [-30, -11]; self-failed
condition: ESTP of ,,, = 73.17 + 6.10, ESTP of 4, , = 75.96 +
5.04, difference = -2.79 + 7.98, 95% CI = [-15, 7]; partner-failed
condition: ESTP of 4,,, = 56.22 + 14.38, ESTP of 4,, in the
partner-failed condition was not compared because the 4, , dynam-
ics did not survive multiple-comparison correction). These results
suggest that the processing of monetary compensation arose earlier
than that of contact avoidance in the both-failed condition but such
a temporal advantage was diminished in the self-failed condition.

We further compared these dynamics across conditions and
observed the shifting of dynamics across conditions for both
attributes. The ESTP of 4,,, was gradually delayed from the
partner-failed condition to the both-failed condition then to the
self-failed condition (Table 1). The delay from the partner-failed

condition to the self-failed condition was significant (difference

=16.95 + 15.84, 95% CI (one-tailed) = [3, 61]). In contrast, the
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Fig. 3. The temporal dynamics of decision weights and the distributions of their earliest significant time point (ESTP). (A) The temporal dynamics of averaged
velocity (vj,) over time bins. Shadows indicate 95% Cl of v;,. (B) The temporal dynamics of regression weights on monetary compensation (b,, ., golden) and contact
probability (b, blue) over the three conditions. Lines and shadows indicate the mean value and 95% Cl of the fixed effects, respectively. Asterisks indicate
statistical significance after multicomparison correction. (C) The temporal dynamics of relative regression weights (w,,, golden and w,;, blue) after controlling
for the magnitude of moving velocity. (D) The ESTP distributions of regression weights (b, golden and b, blue). (£) The ESTP distributions of w,,,, and w,, .

across three conditions reached the same conclusions as from D.
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Variable Condition Mean £ SD 95% Cl
Time bins bm,r - bp,t Self -2.79+7.98 [-15,7]
Both -20.26 +9.20 [-30, -11]
b Self - Both 416+ 8.68 [-5, 16]
Both - Partner 12.79 £ 15.73 [-1, 54]
Self - Partner 16.95 + 15.84 [3, 61]
by Self - Both -13.31 £ 8.61 [-22,-2]
Wye — Wy, Self -9.08 +6.44 [-17,-3]
Both -27.08 £ 8.44 [-34,-19]
Wi, Self - Both 5.79 + 6.53 -1, 12]
Both - Partner 14.80 £ 19.01 [1, 60]
Self - Partner 20.60 + 18.75 [8, 66]
Wy, Self - Both -12.21 +8.43 [-20, -3]
Reaction times bm,t Self - Both 0.09+0.15s [-0.08, 0.30]
Both - Partner 0.24+0.28s [-0.01, 0.97]
Self - Partner 0.33+0.28s [0.08, 1.12]
by Self - Both -0.22+0.16s [-0.38, -0.02]
Wy ¢ Self - Both 0.12+0.12s [-0.00, 0.23]
Both - Partner 0.27+0.34s [0.03, 1.08]
Self - Partner 0.39+0.33s [0.17,1.20]
Wy, Self - Both -0.20+0.15s [-0.34, —0.04]

ESTP of b, , was significantly expedited in the self-failed condition
than in the both-failed condition (difference = -13.31 + 8.61,
95% CI = [-22, -2]). Because the time scales were normalized
within each condition, comparing ESTDPs across conditions might
be affected by the differences in reaction time across conditions.
To address this concern, we made corrections and rescaled the
ESTPs according to the mean reaction time of each condition.
The conclusions still held with the rescaled ESTPs (see Table 1 for
a summary of statistics on the ESTPs and the corrected ESTPs
across conditions).

Since &,,, and b, , were regression weights to v, they carried
not only the information about the participants’ preferences but
also the mechanical features of mouse movement. Both of the ,,, ,
and 4, , dynamics ramped up to a peak value around the 95th
time bin and were followed by a quick drop at the end of every
time course (Fig. 3B), which were aligned with the dynamics of
average vy, (Fig. 3A). This was due to the mechanical nature of the
movement speed, which accelerated from the beginning of each
trial to a peak and decelerated at the end of each trial. To rule out
the potential bias that the movement speed may introduce to the
ESTP distributions, we examined the dynamics of relative decision
weights w,,, and w, ,. Specifically, we obtain w,,, and w, , by
normalizing &,,, and 4, , with their summed magnitudes, i..,

bm t bp,t

=— andw,, =
el + |

ot = (Fig. 30). w,, ,
WER

Wyt

and w, , indicated the decision weights of one attribute relative to

the other and, therefore, were free of the motor-related features
on the time courses. The ESTPs bootstrapped from w,,, , and w, ,
resulted in the same conclusions as we obtained from 4, ,and 4, ,.
"The ESTPs of w,, , were earlier than that of w, , in the both-faifed
and self-failed conditions (both-failed condition: ESTP of w,,, , =
61.42 + 5.06, ESTP of w, , = 88.50 + 6.73, difference = -27.08
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+ 8.44, 95% CI = [-34, —-19]; self-failed condition: ESTP ofwm)t
= 07.22 + 4.09, ESTP ofw,, , = 76.30 + 4.94, difference = -9.08
+ 6.44, 95% CI = [-17, -3]); the temporal advantage of w,, ,
relative tow, , in the self-failed condition was significantly smaller
than that in the both-failed condition (the 95% ClIs above showed
no overlapping) (Fig. 3E and Table 1). Comparing across condi-
tions, the ESTPs of w,, ; were delayed from partner-failed condi-
tion to both-failed condition and self-failed condition, and the
ESTP of w,, were expedited from both-failed condition to
self-failed condition (ESTP of w,, ;, both-failed — partner-failed:
difference = 14.80 + 19.01, 95% CI = [1, 60]; self-failed —
partner-failed: difference = 20.60 + 18.75, 95% CI = [8, 66];
ESTP of W1 self-failed — both-failed: difference = -12.21 + 8.43,
95% CI = [-20, -3]). The conclusions were held after the correc-
tions of the mean reaction time of each condition (results listed
in Table 1).

Taken together, these results provide evidence that the process-
ing of monetary compensation and contact avoidance is asynchro-
nous. The participants’ processing on monetary compensation was
prioritized over contact avoidance across all conditions. However,
as participants’ motivation for contact avoidance relative to mon-
etary compensation increased, the processing of contact avoidance
was expedited and the processing of monetary compensation was
delayed, suggesting that the processing adaptively prioritizes these
attributes to match the participants’ changing needs under differ-
ent conditions.

Neural Circuit Model Predicts the Curvatures of the Competition
Dynamics. An alternative interpretation of the above ESTPs results
is that the temporal difference between 7 and p solely reflects
the differences in the magnitude of decision weights instead
of asynchronous processing of the attributes. In other words,
the decision weight with a larger magnitude could be detected
earlier in time, appearing as the time asynchrony we observed
in the ESTP distributions. To address this concern, we applied
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a neural circuit model of multiattribute decision-making (41) to
elucidate the impacts of magnitude and temporal asynchrony on
the dynamics of the decision weights.

In this model, we assume that the two decision attributes, m
and p, are integrated independently in the neural nodes of [ M
and [ P (Fig. 44). The inputs to the neural nodes are the difference
in the values between Option 1 and Option 2 (i.e., Am and Ap)
and the outputs are the integrated decision signals (i.e., M, and
P,). The two integrated signals then additively contribute to the
final decision value (DV,) and guide behavioral responses. The
relative decision weights w,,, , and w, , are defined as the relative
contributions of the integrated attribute values, i.e., M, and P,
to DV,. At the end of the process, a positive DV leads to the
choice of Option 1 and a negative DV, leads to the choice of
Option 2 (for details of the model, see ST Appendix, Methods). The
temporal parameters 7, and ¢, capture the time onsets when the
attributes 7 and p start integrating, respectively. We tested the
input magnitudes of Az and Ap and the temporal asynchrony

between £, and ¢, to the predicted dynamics of w,,, , and w, ,.

Fig. 4 B—D illustrate the temporal dynamics of the input values,
Am and Ap. To test the impact of magnitude, we varied the mag-
nitude of Ap (indicated by the shade of blue) and fixed the mag-

nitude of Am. To test the impact of onset, we varied the onset of
Ap (ie., tp) so that the process on the attribute of p has no delay
(i.e., synchronous, Fig. 4B), a large delay (Fig. 4C), or medium
delay (Fig. 4D) relative to the onset of Am (i.e., z,,). Fig. 4 E-G
show the integrated signals A, and P, from the corresponding
situations. Both M, and P, increase after their onsets. Although
the magnitude of Ap only affects the accumulation process of P,,
it affects the dynamics of both relative weights w,,, , and w), , since
the relative weights are dependent on the ratio of M,’s and P,s
contributions to DV, Therefore, w,,, , decreases when w, , increases
(Fig. 4 H-J). Importantly, time asynchrony impacts the fine-
grained details of the dynamics. When the integration of the
attribute p is delayed, the dynamics of w,, , shows nonmonotonic
curvature in the late suppression when w, , rises (Fig. 4 / and J);
in contrast, when the two attributes are integrated synchronously,
the dynamics of w,, , does not show such a late suppression even
if the impact on its magnitude still exists (Fig. 4H). The curvatures
of the late suppressions are different under different levels of time
asynchrony. When p has a large delay relative to 7, the dynamics
of w,, , shows a quadratic curvature in the late suppression
(Fig. 40); when p has a medium delay relative to 7, the dynamics

of w,, , shows a kink of decrease right after w,, , rose (Fig. 4/).

To compare the prediction of the neural circuit model with the
empirical dynamics, we fitted the neural circuit model to the
dynamics of relative weights (w,, , and w), ;) with two competing
hypotheses, namely whether the processing of the two attributes
is asynchronous or synchronous (S Appendix, Methods). Specifically,
we took the similar approach as described above, fixing the mag-
nitude of A at 1 and fitting the magnitude of Ap to capture the
participants’ weight on contact avoidance relative to compensation.
'The results show that the asynchronous circuit with one additional
parameter in each condition (i.e., £, and t, estimated indepe-
ndently) outperformed the synchronous circuit (i.e., #,, and ¢,
estimated as an equal value) in all three conditions (ZLy,,04,0 =
~989.8, LLg, s = ~1:072.63 AIC 1, 1 = 20017, AICs, 11
= 216115 BIC 4 e = 2:042.1, BICg, . = 2,190.5). The
model performance in each condition was visualized in Fig. 4K
(asynchronous circuit) and Fig. 4L (synchronous circuit).
Specifically, in the partner-failed condition, where the weight on
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contact avoidance was not significant, the two models perform
similarly (Partner-failed: left panels in Fig. 4 Kand L, LL,,,, 00
= -316.4, LLg,,)pnps = ~331.3). However, in the both-failed and
self-failed conditions when the contact avoidance is a more serious
concern, the asynchronous circuit tracks much closely on the
empirical dynamics (Both-failed: middle panels in Fig. 4 Kand Z,
LL yopromons = =313.8, LLgy s = =373.5, self-failed: right panels
in Fig. 4 Kand L, LLy, e = =359-65 LLg, 000 = =367.7).
Zooming in on these dynamics, we found that the asynchronous
circuit captured the detailed pattern exceptionally well, particularly
the nonmonotonic dynamics on w,, , (dashed lines tracking golden
lines in Fig. 4K). In both the both-failed and self-failed conditions,
the w,, , curves exhibited subsequent suppressions following the
rise of w,, , (around time bin 77 in both-failed and time bin 62 in
self-failed), due to the asynchronous/delayed time onsets of p rel-
ative to m. In contrast, the nonmonotonic dynamics was not
observed in the synchronous circuit (dashed lines in Fig. 47). In
addition, the curvatures of the empirical dynamics were consistent
with the model predictions. The empirical dynamics ofw,,, , showed
quadratic curvature in the both-failed condition but demonstrated
a sudden drop in the self-failed condition, since a larger delay of
processing p relative to 7 in the both-failed condition but a smaller
delay of processing p relative to 7 in the self-failed condition.

The time onsets estimated from the asynchronous circuit were
consistent with the ESTPs results reported above, with the onsets
of contact avoidance expedited and the onsets of compensation
gradually delayed from partner-failed to self-failed condition (Partner-
failed: #,, =44.2, t, = 80.1; both-failed: z,, =53.8, t, = 77.3;
self-failed: #,, = 58.8, £, = 62.3). Interestingly, the magnitudes of
Ap estimated from the asynchronous circuit were comparable
between the both-failed condition and the self-failed condition
(Partner-failed: -0.20, both-failed: -0.50, and self-failed: -0.51),
suggesting that the intensified final relative decision weight on
contact avoidance in the self-failed condition might due to the time
prioritization of this attribute. Other parameters estimated from
the two models were reported in ST Appendix, Methods.

Taken together, the neural circuit model analysis teased apart
the contributions of attribute magnitudes and temporal asyn-
chrony to the dynamics of relative decision weights, suggesting
that magnitude alone was not enough to result in the nonmono-
tonic curvatures observed in our empirical data. The modeling
results suggest an asynchronous rather than synchronous process-
ing on the two attributes and corroborate the findings based on
the analysis of the ESTP distributions, namely, the dynamics of
contact avoidance arise later than that of the monetary compen-
sation. Moreover, the time onset for contact avoidance was expe-
dited and the time onset for compensation was delayed from
both-failed condition to self-failed condition.

Time-Varying DDM Reveals the Shifting of Asynchronous
Processing over Conditions. To further dissociate the effects
of condition on the onsets of decision attributes and the effects
on the magnitude of the weights of the decision attributes, we
applied a drift-diffusion model (DDM) to capture the onset of
accumulation on each decision attribute while controlling for any
difference induced by the drift rates of the attributes. To this end,
we fit a time-varying drift diffusion model (tDDM), with a varying
onset of accumulation on each decision attribute (Fig. 5A4; cf. ref.
42). The model was applied to the reaction time and choice data
but not to the mouse trajectories. The attributes of money (golden
lines) and contact probability (blue lines) were accumulated with
independent drift rates and summed into an integrated decision

https://doi.org/10.1073/pnas.2302484120 7 of 12


http://www.pnas.org/lookup/doi/10.1073/pnas.2302484120#supplementary-materials
http://www.pnas.org/lookup/doi/10.1073/pnas.2302484120#supplementary-materials
http://www.pnas.org/lookup/doi/10.1073/pnas.2302484120#supplementary-materials

Downloaded from https://www.pnas.org by Xiaolin Zhou on September 28, 2023 from | P address 202.121.111.39.

vy
O
O

A Input

Option 1 Option 2 5 o Am o | o |
il Ap ) )
O | e—— - - - === O | e—— - - = o | e——— - - - - -
2 3 @ 0 | 9 |
1 20 40 60 80 100 1 20 40 60 80 100 1 20 40 60 80 100
t t oo & :
\N/LD_ Pt 0 0+
E
§ O -| eEEmEEEE——_ =~ = = = O - S A~ ~ = O -| nmesne—— = - - -
3
9 i i
g
IS T - T -
T T T T T T T T T T 1 T T T T T T T T T T 1 T T T T T T T T T T 1
1 20 40 60 80 100 1 20 40 60 80 100 1 20 40 60 80 100
| J
w
— m,t
Ead W, o o
‘©
2
OR=Rl O | SETPN i ey - - - =Rl L s
=
8 6 | 0 | w0 |
i ' '
‘I__I T 1 1 1 T T 1 1 1 1 ‘I__I 1 1 1 1 T 1 1 1 1 1 ‘I_—I T T 1 1 1 T T 1 1 1
1 20 40 60 80 100 1 20 40 60 80 100 1 20 40 60 80 100
Time bins Time bins Time bins
K Partner-failed Both-failed Self-failed
Asynchronous - 21 -
Input - 7
) ey
Option 1 Option 2 o))
m, m, © ]
; o
z o
| 2 1 \
% g- , JW g- 7 v -
n'e |
v ) [te} [te}
o o
] L] ] ] ] ) 1 ) T ) ) )
50 60 70 80 90 100 50 60 70 80 90 100
o o
L Synchronous <1 - < <1 -
Input = / /
Option 1 Option 2 9’) o o
fi fit] go' o
()
2 _|f .
Eo wBemerang s S 4.~
4 |
) ) 0
[ohy [ohy [ehy
] L ) J ) T ) 1 ) ) ) ) T ) ] L Ll L ) ] )
50 60 70 80 90 100 50 60 70 80 90 100 50 60 70 80 90 100
Time bins Time bins Time bins

Fig.4. The specification and results of the neural circuit model. (A) The neural circuit model gets input values of the two attributes m(golden) and p (blue) from
Option 1 and Option 2. The values on different attributes are integrated into their corresponding neural nodes [ M (golden) and [ P (blue) with specific temporal
delays t,, and t,. The integrated values linearly contribute to the final decision node (decision value) to guide choice behavior, with their relative contribution
notated as w,, and w,,. (B-D) The evolving of input value differences of each attribute Am = m; — m, (golden) and Ap = p; — p, (blue) over time. Across the three
panels, the magnitudes of Ap were varied and the magnitude of Am was fixed; the onset of Ap varied from no delay (synchronous) (B), to having a large delay
(0), and medium delay (D) relative to the onset of Am. (E-G). The accumulated signals in M and P over time corresponding to the input settings in B-D. (H-/)
The dynamics of relative decision weights wy, . (golden) and w,,, (blue) corresponding to the integrated signals in £-G. (K) By fitting the circuit model with the
asynchronous assumption, the circuit (dashed lines) captures well the rich and nonmonotonic dynamics in the empirical data (golden and blue lines indicating
W, and w, ., respectively, with shadows indicating the 95% Cl). (L) The circuit model with the synchronous assumption captures worse the empirical dynamics
than the asynchronous circuit.
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signal (black line). Different from the implementation of most
sequential sampling models, which do not assume temporal
priorities on different decision attributes (43—45), the tDDM
assumes that the temporal onsets of the money attribute and the
contact probability attribute can be asynchronous; it therefore
includes a time asynchrony parameter (#Async) to capture the
relative onset time difference between these two attributes. Negative
tAsync indicates the onset of money is later than that of contact
probability (illustrated in the two left panels in Fig. 54), and positive
tAsync indicates the onset of money is earlier than that of contact
probability (right panels in Fig. 54). Model comparison between
the tDDM and a standard DDM without time asynchrony (thus
reducing one parameter) showed that tDDM fitted the data better
than DDM (LL ppy = ~13,235.8, LLppy = ~13,415.2; AIC ppy =
27,803.5, AICypy = 27,940.4) (see posterior predictive check on
model fitting in ST Appendix, Fig. S8). Results from tDDM showed
that zAsync significantly differed across conditions (ANOVA: F, ,,
= 3.32, P = 0.042). Post hoc test showed that zAsync in the self-
failed condition was more negative than in the both-failed and
the partner-failed conditions (self-failed—both-failed: #;; = -2.10,
P = 0.043, Cohen’s D = -0.45; self-failed—partner-failed: 7 =
-2.19, P=0.035, Cohen’s D = -0.38; both-failed—partner-failed:
135 = 0.36, P = 0.72, Cohen’s D = 0.06) (Fig. 5B), indicating that
the onset of processing on contact avoidance relative to monetary
compensation was expedited in the self-failed condition than in
the other two conditions. Other parameters, including the drift
rates, showed no significant differences across conditions (decision
threshold: F,,, = 0.09, P = 0.91; bias: F,,, = 1.11, P = 0.33;
nondecision time: F,,, = 0.66, P = 0.52; drift rate of money:
F,,, =024, P =0.79; drift rate of contact probability: F,,, =
1.45, P=0.24). This result further confirmed our findings that the
processing of money and contact probability were asynchronous
and the prioritization of the attributes varied as a function of the
social interaction context. In addition, the fact that there was
no difference in drift rate across conditions indicates that the
difference in the final decision weights could be solely induced
by the difference in the onset of attribute accumulation processes
while the accumulation speed of each attribute was comparable.

Discussion

The present study investigated the temporal dynamics of approach-
avoidance behavioral conflict in social transgressors after they
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unintentionally harm a victim. By adopting a social transgression
task, we induced different levels of guilt-related social-affective
states in the participants and examined how they made trade-offs
between compensating the victim (i.e., the approach motivation)
and avoiding face-to-face interaction with the victim (i.e., the
avoidance motivation). Participants exhibited intensified compe-
tition between the motivations as guilt and embarrassment levels
increased. By analyzing the participants’ mouse movement trajec-
tories during decision-making, we revealed that as participants’
responsibility increased, the weight on contact avoidance increased
and the onset of its dynamics was expediated; at the same time,
the weight on monetary compensation decreased and the onset
of its dynamics was delayed. Simulation from a neural circuit
model and data fitting using time-varying DDM confirmed that
the processing of the two attributes is asynchronous and tempo-
rally modulated by social-affective states.

The paradigm and the results of this study highlight the richness
and complexity of the emotional and motivational states following
interpersonal transgression. Traditional views in social psychology
and affective science portrait a rather “sunny” or positive picture
of how people react (or ought to react) to interpersonal transgres-
sion—as soon as they realize that the transgression has occurred,
the transgressor would halt the damage, feel guilty, and make
amends or apologize to the victim (6, 7). Part of the reason why
most previous empirical evidence supports such a sunny view is
that those studies predominantly examine what the participants
would feel and how they may react in hypothetical scenarios,
rather than what they actually feel and how they react in real-time
social interactions. However, what one think they should do and
what one actually do in social contexts differs in important ways,
and they are associated with distinct neurocognitive processes (46).
One noticeable exception to the traditional views of guilt and
transgression is Amodio et al. (9) who demonstrated that both an
avoidance tendency (i.e., refraining from damaging) and an
approach tendency (i.e., making compensation) coexist in trans-
gressors following an interpersonal transgression and that these
tendencies have distinct temporal dynamics (9). However, even
in this study, a critical aspect of real-world interpersonal transgres-
sions was missing, namely face-to-face interaction between the
transgressor and the victim. Both anecdotal and empirical evidence
has shown that in a guilt state, the transgressor has a tendency to
avoid or hide from confrontation with the victim (12, 26, 47). By
adopting a measure of motivation with high temporal resolution
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Fig. 5. The tDDM results. (A) lllustration of the tDDM hypothesis. The Upper panels illustrate the time onset of monetary input (Am, golden) and probability
input (Ap, blue). The Bottom panels illustrate the integrated decision signals (DV) over time. (B) The fitted tAsync in the three critical conditions. Gray dots and
envelopes indicate the fitted values of individuals and the group-level distributions. Squared dots and whiskers indicate mean values and SEs in each condition.
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(i.e., mouse-tracking), we are able to demonstrate that the two
opposite tendencies do coexist in real-life interactions, and that
the increase in the strength of one (i.e., avoiding confrontation)
suppresses the manifestation of the other (i.e., compensating the
victim). The current findings have implications for our under-
standing of the complex, and sometimes dialectic, nature of the
emotional and motivational reactions in interpersonal transgres-
sion and other social interactive contexts, e.g., the coexistence of
gratitude and indebtedness/guilt in helping contexts (48).

Our results have general implications about the role of moti-
vation in orchestrating the temporal dynamics of decision-making.
Recent theoretical work in decision-making emphasizes the role
of metacognitive processes in the real-time control of decision-
making process, such as guiding attention to optimize information
seeking (38, 49, 50) and exerting cognitive efforts to achieve better
task performance (51-53). Prior research has demonstrated the
critical role of motivation in distributing cognitive efforts in the
processing of single decision attributes (51, 53-55). However,
empirical evidence regarding how motivation impacts the tempo-
ral dynamics of processing on multiple decision attributes has been
lacking. The current study fills this gap by directly manipulating
the participant’s motivational states in a social transgression con-
text and examining the temporal dynamics of the processing of
two decision attributes related to the participant’s internal needs
(i.e., monetary compensation to the victim and avoiding
face-to-face interaction with the victim). Tracking the participant’s
motor responses as the end process of decision execution may
reflect an integrated effect of motivation on the latent cognitive
processes underlying attribute processing and decision-making,
including information sampling on these attributes, retrieving
long-term memory about the values of these attributes, comparing
the differences between options, and trade-offs between attributes.
These processes are generally considered as (part of) cognitive
control in previous studies (51-53). We show here that the fluc-
tuation in motivational state modifies the relative decision weights
on attributes, which are also reflected in the temporal prioritiza-
tion of the attributes processing. Our findings extend the close
relationship between motivation and cognitive control on single
decision attributes to the coordination of multiple attributes pro-
cessing and highlight the adaptive function of motivation in the
exertion of cognitive control.

In conclusion, we demonstrate in a real-time social interaction
paradigm that the compensatory and social-avoidance tendencies
coexist and compete in a transgressor’s social decision-making
following an interpersonal transgression. We uncover the dynamics
of the participants’ decision-making using mouse tracking and
computational modeling, demonstrating that the individuals pro-
cess the attributes of compensation and social avoidance asynchro-
nously over time and the temporal profiles are flexibly modulated
by their social-affective states. These results shed light on the
dynamics of complex emotional and motivational processing fol-
lowing social transgression and provide general implications for
the mechanism of interaction between motivations and their
related decision attributes’ processing during decision-making,.

Methods

Participants. Seventy-four right-handed college students participated in the
experiment. Half of the participants (N = 37,age = 22.6 + 2.1, 19 females) played
the role of transgressors (the role we focused on), and the other half played the role
of victims. The sample size was determined by power analysis (G*Power 3) (56) on
awithin-subject design one-sample t test, which showed that it requires at least 34
subjects to test the hypothesis on the temporal dynamic ate level 95% and power
level 80% for a medium-level effect size (Cohen’s d = 0.5) shown in a previous
study using similar mouse-tracking methodologies (32). None of the participants
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reported a history of neurological or psychiatricillness. All the participants provided
written informed consent before the experiment. Participants were paid based
on their task performances (see details below). The experiment conformed to the
Declaration of Helsinki and was approved by the Ethics Committee of the School
of Psychological and Cognitive Sciences, Peking University.

Procedure.

Role assignment and preparation. Participants in the same session, consisting of 4,
6, or 8 individuals of the same sex, metin a computer room before the experiment.
Half of them were assigned as Player A and the other half as Player B depending
on the role concealed in a folded label each participant drew (Fig. 14). Participants
assigned to the same role were instructed to sit on the same side of the computer
room in separate compartments, shielded from view of the participants in a different
role on the other side of the testing room (for a photo of the testing room arrange-
ment, see S/ Appendix, Fig. S14). Video cameras (Logitech WebCam C270) were
placed in front of each participant so that they could see the paired partner through
real-time video at designated time points during the experiment (see S/ Appendix,
Fig. S1Afor the setup). Computers were connected via TCP-IP protocol using Matlab.
Prior to the main task, all participants went through the same procedure for practic-
ing the skills required in the main task (S Appendix, Fig. S1 B-D).

The main task. All participants were instructed in the same room with the same
information on the main task. Each player was endowed with 90 Chinese Yuan (about
14 US dollars) for the game. All players were informed that Player B, but not Player
A, could lose up to 1/3 of their entire endowments i.e., 30 RMB, or 840 M.U.), if the
players failed their task in all trials (for the actual performance of our participants,
Player B earned 80.79 =+ 1.01 RMB, with an individual min of 78.87 and maximum
of 82.51, less than the fixed amount of 90 RMB that Player A earned). Most of the
participants experienced 84 trials, except one session (four pairs of participants) who
experienced 68 to 69 trials due to a technical error. In the visual search task, both
players saw 20 bars of the same color, either blue or orange, scattered in the central
area (500 x 500 pixels) of the screen, and were asked to search for a target bar with
an orientation that was either vertical or horizontal among the other distractors with
random orientations. The color of the stimuli and the orientation of the target bar
resultin four possible associations with responses: blue & vertical, blue & horizontal,
orange & vertical, and orange & horizontal. The participants' task was to identify
which of the four possibilities was the case for each trial, by pressing one of four
buttons, with two buttons on the keyboard ("Q" and “W") and the other two buttons
on the mouse (left and right click). Pressing the wrong buttons or not responding
within time constraints (see below) were counted as a failure.

When both were correct, the players saw “Pass” on the screen and proceeded to
the nexttrial directly. When failure(s) occurred, Player Awas asked to choose between
two options presented at the top-left and top-right corners of the screen by moving
the computer mouse from the bottom-center of the screen (Fig. 1D). Each option
contains a certain amount of monetary compensation to Player B and a probability
of engaging in video contact between the two players later on at the end of the trial.
The offervalues were controlled by a self-adaptive algorithm (S/ Appendix, Methods).

Atthe end of the trial, the participants were asked to rate the intensities of two
emotions (i.e., guilt and embarrassment for Player A, anger and embarrassment
for Player B) they experienced on the current trial from 0 to 10.

Free money. Instead of having Player A compensate Player B using Player A's
own money, here the money was from the experimenters. In this way, Player A's
monetary self-interest would therefore have no impact on their choice. Player
A's decision would be a result of the trade-off between two motivations we were
interested in this study, namely, compensating (approaching) the victim and
avoiding social contact with the victim. Admittedly, oftentimes in real-world social
situations, compensation to the victims comes at the cost of the transgressors.
Delineating how the transgressors' motivation for maximizing their self-interest is
integrated with the motivations for benefiting and avoiding the victim is beyond
the scope of the current study and calls for future research.

Confidential compensation and no communications during video contact.\/ideo
contactwould be triggered when the chosen probability was greater than a randomly
generated value (uniformly distributed between 0 and 100%), these two players
would experience a 5-s long virtual face-to-face contact through real-time video;
otherwise, a blank screen would be presented to both players for 5 s. If face-to-face
contact with the victim was enacted, both Players were asked to keep a neutral facial
expression and not to engage in communication using any speech, lip talk, facial
expressions, or gestures during the video contact. Checking the video recordings
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during face-to-face contact periods confirmed that all participants complied well
with the no-communication rule. Moreover, Player B was not informed about how
much Player A compensated them on any trial. Instead, they would only know the
cumulative amount they had received after the entire experiment was completed.
The rationale of discouraging communication and keeping the amount of monetary
compensation confidential was to prevent Player Afrom using face-to-face contact or
the monetary compensation as a strategy to communicate with and seek forgiveness
from Player B. In this manner, the binary choice was geared toward examining the
trade-off between Player A's approach motivation (e.g., compensating Player B) and
social avoidance motivation (e.g., avoiding being seen by Player B).

Hierarchical Logistic Regressions on Participants’ Binary Choices. \We esti-
mated participants' decision weights b, and b, on monetary compensation and
contact probability from their binary choices by using logistic regression (Eq. 1),

|Ogit (Pchosen0p1.1 ) ~ bmAm + prpl [1]

where Am = m, — myand Ap = p, — p,indicate the differences in monetary
amounts and probabilities between Option 1 and Option 2. Numeric values of
Amand Apwere scaled to the same range of [—1, 1]in the regression to achieve
better estimation reliability.

Parameters were estimated using Bayesian statistical inference method in RStan
(57). Parameters of all participants in each estimation (separated by condition) were
estimated by a single hierarchical model. Each line of estimation was sampled from
eight chains, with each chain having 1,000 iterations of warm-up and another
1,000 iterations of sampling. Inspecting the sampling traces of each estimation
confirmed that the number of warm-up iterations was sufficient for reaching con-
vergence (see S/ Appendix, Results for the model convergence report).

Estimation of the Decision Weight Dynamics. We estimated the impact of
each attribute on the participants' momentary preference by running multiple
regressions of the attributes’ values on the participants’ horizontal velocity (v,);
the resultwould indicate the transient tendency of toward or away from the options,

Vit ~ b AM + by Ap. [2]
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