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Social status, as a prominent social characteristic, exerts a significant influence on various aspects of life. However, there is only limited
behavioral and neural evidence regarding the relationship between social status and the construction of trust. In this study, we used
computational modeling and functional magnetic resonance imaging to unveil the trajectory of trust-related processing by using a
repeated trust game. Human participants assumed the role of trustor and engaged in interactions with fictitious partners (trustees) who
varied in social status. Participants were more inclined to trust Superiors than Inferiors and gradually modified their trust decisions
based on their partners’ reciprocity. Furthermore, we unveiled the neurocomputational mechanisms of two cognitive processes: (i)
prior-based static modulation supported by the ventromedial prefrontal cortex (vmPFC), amygdala, and their neural coupling, and (ii)
the reward network engaged in feedback-based dynamic modulation. We also found that prior bias in the social value of social status
can reduce the reliance on the feedback-based dynamic modulation rooted in the vmPFC and ventral striatum. The present findings
enhance the understanding of the neural representations of how social status modulates trust-related processing and trustworthiness
updating.
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Introduction
Trust is a fundamental element in fostering cooperation and
reciprocity, and interhierarchical trust has long been considered
to facilitate coordination on group tasks and highly impact the
efficiency of societal functioning (Magee and Galinsky 2008;
Cheng et al. 2013). Interpersonal trust constitutes a social
dilemma, characterized by inherent uncertainty, which arises
from the potential for greater collaborative gains. In this context,
trustors willingly expose their own interests to others, despite
the risk of betrayal (FeldmanHall and Shenhav 2019; Krueger and
Meyer-Lindenberg 2019; Bellucci and Dreher 2022). To mitigate
uncertainty, individuals assess the trustworthiness of others
and optimize decisions based on two types of information that
influence each other mutually: prior information and direct
experience (Tzieropoulos 2013; Yu et al. 2014; Bellucci et al. 2017,
2019). Social status, as effective prior information, can influence
trust-building (Blue et al. 2018, 2020; Foncelle et al. 2022; Li et al.
2023). More specifically, we have shown previously in a repeated
trust game that a high-status partner (trustee, ie receiving trust)
gains more trust than a low-status partner. This effect, called
the superior bias, may be due to the fact that a higher social

status provides higher social value. This bias may explain why
people judge high-status wrongdoers less harshly than low-
status individuals who commit the same types of acts (Bowles
and Gelfand, 2009). Here, we asked two questions related to
the integration of social status information into trust decisions.
First, how is social status represented by neural mechanisms
when solving trust-related issues? Second, how does social status
influence trustworthiness learning and updating? Driven by
these questions, we conducted a functional magnetic resonance
imaging (fMRI) experiment using computational modeling, to
characterize the neural activation patterns related to trust-
related decisions colored by social status.

The influence of social status on trust-building resembles
prior-based top–down processing, linked by their intersecting
characteristics, ie the attributes of value and sociality. For the
attribute of value, trust reciprocity is generated by the motivation
of pursuing mutual interests that engage key regions anchored
in the reward network including the ventromedial prefrontal
cortex (vmPFC) and ventral striatum (VS) (Knutson 2005; Bartra
et al. 2013; Ruff and Fehr 2014; Lieberman et al. 2019; Yang
et al. 2019). Social status indicates a consensual implication of
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relative value that each member contributes to the group (Berger
et al. 1980; Magee and Galinsky 2008; Polman et al. 2013). The
implication of social value in social status may serve as the
underlying motivation for its influence on a wide range of social
interactions by recruiting reward processing (Li et al. 2021). For the
attribute of sociality, social status could modulate brain regions
(such as the amygdala) that are involved in social functions,
thereby integrating social status information into the evaluations
of trustworthiness. In trust-related processing, the amygdala
maintains an individual’s appropriate assessments of social
functioning with respect to trust (Adolphs et al. 1998; Amaral
2006; Baumgartner et al. 2009; van Honk et al. 2013; Sladky et al.
2021). In face perception, the amygdala plays an important role in
evaluating facial trustworthiness (Engell et al. 2007; Todorov and
Duchaine 2008; Todorov and Engell 2008) and learning unfamiliar
others’ trustworthiness through stimulus generalization based
on facial features (Feldmanhall et al. 2018). In general, the
intersecting characteristics promote the interaction of social
status and trust.

Repeated trust-related interactions with prior information on
social status constitute a reinforcement learning process in a
social context (Fareri et al. 2012, 2015; Fouragnan et al. 2013;
Tzieropoulos 2013; Krueger and Meyer-Lindenberg 2019). The role
of reinforcement learning in repeated trust behaviors has been
extensively explored in a substantial body of research (Fareri
et al. 2012, 2015; Ligneul et al. 2016, 2017; Bellucci et al. 2019;
Krueger and Meyer-Lindenberg 2019; Janet et al. 2022). Specifically,
repeated trust-related interactions can be treated as a feedback-
based dynamic cognitive updating process in which individuals
update their expectations of partners’ reciprocity from outcomes
under the incentive of monetary benefit or potential social reward
(Krueger et al. 2007; Delgado et al. 2023). During this process,
the VS and vmPFC encode prediction error (PE) signals of reci-
procity by comparing the expected and actual outcomes (Joiner
et al. 2017; Lockwood and Klein-Flügge 2020). Since social status
is a high-level social concept, there are two possibilities for its
interaction with trial-and-error learning. First, social status may
promote part of learning in which the outcome aligns with the
prior expectation, leading to asymmetric learning. Alternatively, if
decisions are guided by a top–down cognitive process, this could
weaken feedback-based bottom–up learning and result in individ-
uals becoming less reliant on the outcome of direct interactions.
In the current study, we employed a computational modeling
approach in the context of a repeated trust game to formalize
and test hypotheses regarding the integration of social status
information into trust assessments.

In this study, combined with computational modeling and the
technique of fMRI, we examined the impact of trustees’ social sta-
tus on trust decisions. At the behavioral level, with reinforcement
learning models, we decoded the way that social status integrates
into trustworthiness learning and revealed the cognitive factors
that social status works on. At the neural level, we tested the
prior-based impact on cognitive processing by comparing the
neural activation in different levels of social status conditions.
In further investigation of the interaction between prior-based
and feedback-based modulation, we explored the effect of social
status on feedback-based social learning processing.

Materials and methods
Participants
Twenty-eight right-handed participants were involved in this
experiment (17 females;11 males; age M ± SD: 21.25 ± 2.99).

All participants were recruited via an online advertisement.
All participants gave informed written consent, reported basic
information (such as age, gender, and handedness), and under-
went screening for fMRI experiment contraindications before
the experiment. None of them had a history of neurological or
psychiatric disorders. They were paid 100 yuan for participation
and gained extra monetary rewards (0 to 7.5 yuan) from the trust
game. Three males and one female were excluded from data
analyses because of excessive head movement during the fMRI
scanning. In the final analyses, 24 participants were included (16
females; 8 males; age M ± SD: 20.71 ± 1.83). The study involving
human participants was reviewed and approved by the Ethics
Review Committee of South China Normal University (Approval
Number: SCNU-PSY-2019-3-033).

Social status induction
The social status of trustees was manipulated as relative ranks of
comprehensive capacities including income, occupational pres-
tige, and education (Adler et al. 2000; Piff et al. 2010; Kraus
et al. 2011), presented in a cover story and assigned using a
star system (Li et al. 2023). Before the trust game, a fictitious
experimental project named the Decision Information Collection
Project was introduced to participants to produce a sense of
immersion. Participants were informed that the Decision Infor-
mation Collection project solicited subjects’ social decisions and
formed a database of over 500 individuals. The experimenter
clarified that participation in the Decision Information Collection
Project was voluntary and unrelated to the current experiment. If
they volunteered for this project, they would become someone’s
partner in another experiment (ie the decisions that they made in
this task would be presented as data when they were paired with
another participant), and they were required to provide a photo for
this experimental program. To ensure that participants believed
in the authenticity of this project, if they decided to participate in
the project, they would receive 5 yuan as compensation.

Following these instructions, the rules of the trust game and
the information about their partners were introduced to the
participants. They were informed that they would be Player A
(i.e., trustors) and would interact with participants from ear-
lier sessions of the Decision Information Collection project who
played as Player B (ie trustee = person who receives trust). In addi-
tion, participants were told that their partners had been tested
by questionnaires, which assessed their capabilities and basic
information, such as their highest educational degree, income
level, college entrance exam score, and occupation, implying their
comprehensive capacity. Based on their relative superiority, the
partners were ranked as Superior (marked as three stars), Inter-
mediate (marked as two stars), or Inferior (marked as one star).
This information regarding their partners’ social statuses was
shown to participants in the trust game.

Trust game
After the procedure of social status induction, participants were
shown the four same-gender photos of trustees that were marked
with stars to indicate their relative social status. They were
informed that these four trustees, randomly selected from the
Decision Information Collection project, would be their partners
in the subsequent trust game. To mitigate the potential impact of
gender, male participants interacted with four male trustees, and
female participants interacted with four female trustees. Two of
these trustees were manipulated as high status, represented by
three stars, while the remaining two were assigned a low status,
signified by a single star (Fig. 1A). Then, participants were asked
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Fig. 1. Task schematic. A) Partners in experiment. In the experiment, participants engaged in a trust game with four partners; two of them were
manipulated as high status, represented by three stars, while the remaining two were assigned a low status, signified by a single star. Unbeknownst
to participants, partners had preprogrammed reciprocity rates such that: One high- and one low-status trustee had a high reciprocity rate (70%;
trustworthy), and the other high- and low-status trustees had a low reciprocity rate (30%; untrustworthy). Photos of partners were taken from the
Chicago Face database (Ma et al. 2015). The matching of facial stimuli, social status, and reciprocity rates between participants was balanced to exclude
the potential effects of facial features and interactions among facial features, social status, and reciprocity rate. B) The trial procedure of the trust game.
Participants completed a multishot binary version of the trust game. They were required to perform a binomial forced-choice task and decide whether
to invest money in four same-gender trustees. In the decision phase (self-spaced), participants were endowed with 5 yuan and chose whether to keep
the money for themselves or to share it with their partner. A decision made by a trustor to share money was described as an investment, making the
trustee triple their money to 15 yuan on a given trial. Then, if the trustee decided to reciprocate, both players acquired half of the 15 yuan separately,
equating to 7.5 yuan each. Conversely, if the trustee decided to keep all 15 yuan, the trustor obtained nothing. After participants made their decisions
(displayed on the screen for 0.5 s) and waited a while (3 ∼ 7 s), they were presented with feedback for 2 s.

to assess the trustworthiness of each trustee on a 9-point Likert
scale (1 = not at all, 9 = a lot).

Following the first trustworthiness rating, participants com-
pleted the main task in the scanner. In the two widely applied
multishot versions of the trust game, ie the binary-choice version
and the continuous-choice version (Delgado et al. 2005; Fareri
et al. 2012, 2015), we applied the binary-choice version trust game
as the task for this experiment. Compared to the continuous-
choice version, the binary-choice version offers a more straightfor-
ward approach for qualitatively differentiating the participants’
choices as either trust or distrust. In this experiment, partici-
pants assumed the role of trustors. Unlike the continuous-choice
version of the trust game, the participants did not send a spe-
cific amount of money to trustees (for example, participants
could send to the trustee any amount between 1 and 10 euros)
(Gjoneska et al. 2019). They were required to perform a binomial
forced-choice task and to decide whether to invest money in four
same-gender trustees or not (Fig. 1B). Photos and social status
information of the trustees were shown to participants. The initial
endowment of the four trustees was equal, specifically 0 yuan.
Participants were endowed with 5 yuan on each trial. The duration
of this decision phase lasts until the participants complete their
responses (self-paced). A decision made by a trustor to share
money was described as an investment, making the trustee triple
their money to 15 yuan on a given trial. Then, if the trustee decided
to reciprocate, both players would acquire half of the 15 yuan
separately, equating to 7.5 yuan each. Conversely, if the trustee
decided to keep all 15 yuan, the trustor would obtain nothing
on that trial. Another choice available to the participants was to
keep the money, which let participants obtain 5 yuan with no
money for the trustees on that trial. The participant’s decision
to keep or share money was displayed (decision display phase)
on the screen for 0.5 s, which was followed by an interstimulus
interval showing a jittered waiting phase for 3 ∼ 7 s (ie randomized
between 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, and 7 s). Then they were
presented with one of three possible feedbacks (feedback phase)
for 2 s based on their responses: “You have kept the money”,
“She/He has chosen to keep the money”, or “She/He has cho-
sen to share the money.” Participants were informed before the
experiment that one trial would be selected randomly at the
end of the game, and the outcome of this trial, ie obtaining 0,
5, or 7.5 yuan, would serve as their reward. Each trial ended
with an intertrial interval (ITI) showing another jittered fixation

cross for 3 ∼ 7 s (randomized between 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5,
and 7 s).

Unbeknownst to participants, trustees had preprogrammed
reciprocity rates such that: one high- and one low-status trustee
had a high reciprocity rate (70%), and the other high- and low-
status trustees had a low reciprocity rate (30%). The trust game
consisted of 96 trials, evenly distributed across eight blocks of 12
trials each. In each block, the participants interacted with each
trustee for 3 trials, and they played with these four trustees in
random order in each block. In total, 24 trials per trustee condition
were randomly administered across these blocks.

Eight neutral facial stimuli (four female facial stimuli and four
male facial stimuli) were used for this task. These photos were
taken from the Chicago Face database (Ma et al. 2015). Matching
of facial stimuli, social status, and reciprocity rates between par-
ticipants was balanced to exclude the potential effects of facial
features and interactions among facial features, social status, and
reciprocity rates. The presentation of the task and recording of
behavioral responses were performed using E-Prime 2.0. After the
trust game, participants rated the trustworthiness of the four
trustees again outside of the scanner.

Data acquisition
Scanning was conducted on a Siemens 3-tesla Trio Scanner. Func-
tional data were acquired using echo-planar imaging sequences
with the following parameters: repetition time = 2,000 ms, echo
time = 30 ms, flip angle = 90◦, field of view = 224 mm, slice
thickness = 3.5 mm. A total of 62 axial slices were acquired in
interleaved order (in-plane resolution 2 × 2 mm). After functional
scanning, high-resolution T1-weighted anatomical images (gen-
eralized autocalibrating partially parallel acquisitions, GRAPPA,
0.5 × 0.5 × 1 mm) were also acquired for each subject. The
presentation of the task and recording of behavioral responses
were performed using E-Prime software, version 2.0.

fMRI analysis
Neuroimage preprocessing
For fMRI data preprocessing, all images were preprocessed using
SPM12 by the following steps: In general, functional images were
slice-timing corrected, realigned, coregistered to the anatomical
scan, normalized to Montreal Neurological Institute (MNI) space,
and smoothed with an 8 mm isotropic Gaussian kernel. For fur-
ther details, a six-parameter rigid-body transformation was used
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for realignment correction. Each subject’s structural image was
coregistered to the average of the motion-corrected images using
a 12-parameter affine transformation. Movement outliers were
identified and excluded if head movements/translations were
above 3 mm/rad. Four participants who met these criteria were
excluded from the final analyses. The results of neural images
were visualized using the MRIcroGL.

First-level design matrix
GLM1 was constructed to explore the effect of social status on
trust decisions by modeling the decision to keep or share with
each trustee, which consisted of eight regressors. Phases of deci-
sion display and feedback were modeled as two regressors of no
interest separately. The other two GLMs that focus on the feedback
phase were defined to investigate the learning process in the trust
game. GLM2 modeled the decision phase, decision display, and
feedback phase as three regressors and one regressor coding for
model-derived parameters reflecting the PE. The decision phase
and decision display phase were modeled as two regressors of
no interest separately. GLM3 examined the role of social status
on the different types of feedback, which included 12 regressors
associated with the three types of feedback phase (trustee keep,
trustee share, or trustor keep) for four trustees. The decision phase
and decision display phase were modeled as two regressors of
no interest separately. In these three GLMs, participant-specific
movement parameters were included as regressors of no interest.
A high-pass filter with a cutoff of 128 s was employed. Temporal
autocorrelation was modeled using an AR(1) process.

Statistical inference
In the second-level analyses, participant-specific linear contrasts
of these regressors were entered into a series of one-sample t-
tests. For whole-brain analysis, activation was considered sig-
nificant if it survived at the threshold of P < 0.001 uncorrected,
and additionally survived after family-wise error (FWE) correction
at the cluster level (FWEc P < 0.05 corrected). To provide more
detailed information, we also reported results at an uncorrected
voxel-wise threshold of P < 0.001 with a voxel-wise threshold of
P < 0.05 after FWE correction in Table 1. In addition, small vol-
ume correction (SVC) with cluster-level FWE corrected P-values
(P < 0.05) was used on a priori regions of interest (ROIs), including
amygdala, vmPFC, and VS. For the SVC procedure, we used amyg-
dala atlases from the automated anatomical atlas (aal) template
and we used a priori ROIs from previous meta-analyses for vmPFC
(MNI coordinate, x =−2, y = 50, z =−16, spheres of 12 mm) and VS
(MNI coordinate, x = ±16, y = 4, z =−14, spheres of 6 mm) where
activities in the region were correlated with reward valence and
processing stages (Liu et al. 2011).

Psychophysiological interaction analysis
A psychophysiological interaction (PPI) analysis was conducted to
test the presence of functional coupling between different brain
regions in different conditions of the social status context. We
performed a GLM that contained regressors that reflected the
physiological effect, the psychological contrast of interest, and
the psychophysiological interaction term. The procedures of PPI
analysis were as follows: (i) establish the physiological effect, ie
the time series of activity in the vmPFC seed regions in this study.
Specifically, the time series for the peak voxel in the vmPFC was
extracted by defining the VOI with a 6 mm sphere centered on
the peak coordinate (left peak: x = −8, y = 32, z =−10; right peak:
x = 12, y = 34, z =−10) which was identified in the group analysis
for activation in the decision phase, collapsed across both high
and low social status conditions; (ii) identify the psychological

contrast of interest, where high status > low status in the decision
phase; and (iii) create a PPI variable based on the above types, ie
that forms the interaction term of source signal × experimental
condition. With these variables, the effect of the psychophysio-
logical interaction term was assessed for each participant and
entered into a group-level analysis.

Model construction and estimation
In the trust game, participants learn the trustworthiness of dif-
ferent trustees through the reinforcement of feedback, which
has the basic characteristics of reinforcement learning. Thus,
four possible frameworks of social status integrated into trust
construction were formalized and tested based on reinforcement
learning with different hypotheses. The basic framework of these
models includes the information updating phase and the decision
phase. Using the Rescorla–Wagner updating rule, the updating
phase decreases the difference between outcome and expectation
to guide decision-making. The pursuit of benefit maximization,
represented by expected value, drives the decision phase. We
specifically exemplified a model with social value items and
learning rates (SV&LR Model), which quantifies the impact of
social status both on the updating phase and decision phase. For
a given trustee context, the expectation of future reciprocation
(Pt + 1, Eq. (1)) was determined by the current expectations (Pt) and
their discrepancy from the actual outcome (γ t, γ = 1 when the
trustee reciprocated, γ = 0 when the trustee keeps), referred to
as the PE (PEt, Eq. (2)). PE quantifies the updating phase and is
further scaled by the learning rate (α), which is bounded between
0 and 1. For each trustee, the expectation of reciprocation was
transformed into its expected value with a free parameter (θ) (Eq.
(3)). The θ tested the role of social value that was accompanied
by social status, which is bounded between −7.5 and 7.5. To
enhance the perceptibility of the social value term, we have situ-
ated it within this framework that is consistent with conventional
monetary value, given that 7.5 represents the maximum amount
accessible to participants in a single trial. The social value of
social status is a subjective value that varies among participants.
Subjective values are also a source of motivation to drive decisions
(Yu et al. 2021). Thus, we supposed that the difference in the social
value term between Superior and Inferior may correlate with the
participants’ explicit behavioral bias when they processed the
trust issue in trials involving the two different social statuses.
Subsequently, to determine the likelihood of a participant sharing
money with a specific partner [IP, Eq. (4)], the expected value
[EV(s)t] was computed using a softmax function [Eq. (5)]. The
parameter β indicates whether a participant was inclined toward
exploratory or exploitative behavior. See Supplementary data for
details of the other three models.

To choose a more representative model, we used the Akaike
Information Criterion (AIC; Akaike 1974), which applied a penalty
scaled by the number of free parameters of a complicated model,
as a metric of model fit and compared model fits using paired
t-tests.

SV&LR Model:

Pt+1 = Pt + αi ∗ PEt (1)

PEt = γt − Pt (2)

EV(S)t = Pt ∗ 7.5 + θi (3)

IP = e
EV(S)t

β

e
EV(S)t

β + e
EV(K)t

β

(4)
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Table 1. Results of whole-brain analysis.

Brain region Hemisphere Cluster size BA MNI t-value

x y z

superior_share > superior_keep
Cingulate gyrusa R 144 31 20 −50 28 8.65
Medial frontal gyrus B 208 11/32 −8 32 −10 5.78

12 34 −10 4.63
Prediction error

Medial frontal
gyrus/caudate/putamena

B 2,309 32/11 10 26 8 9.96

−10 8 −6 7.44
6 34 −14 7.19

Middle frontal gyrusa L 452 8/9 −24 32 42 6.63
Parietal lobe/occipital lobe B 8,867 7/19 8 −66 −6 6.33
Cerebellum R 239 14 −48 −50 6.12
Cerebellum R 248 40 −68 −36 5.85
Frontal lobe/superior frontal gyrus R 275 8/9 18 42 46 5.72
Middle temporal gyrus L 697 39 −46 −70 28 5.60

Note: All results survived at an uncorrected voxel-wise threshold of P < 0.001 with a cluster-wise threshold of P < 0.05 after FWE correction. R, right; L, left; B,
bilateral; BA, Brodmann area. aindicates results also survived at an uncorrected voxel-wise threshold of P < 0.001 with a voxel-wise threshold of P < 0.05 after FWE
correction.

LLE =
n∑

t=1

log
(
IP, jt

)
(5)

Results
Behavioral results
Trust game
The behavioral measures of interest were whether participants’
trust-related decisions would vary as a function of the social
status of partners and how they changed along with trustworthi-
ness updating in trial-and-error learning (Fig. 2A). All statistical
tests were two-sided. A Three-way repeated-measures ANOVA
was conducted on the share rate with social status (Superior
vs. Inferior), reciprocity rate (high vs. low), and Block (from
Block1 to Block8) as within-subject variables. The observed
significant main effect of social status [F(1,23) = 6.945, P = 0.015,
ηp2 = 0.232] and the main effect of reciprocity rate [F(1,23) = 23.762,
P < 0.001, ηp2 = 0.508] revealed that participants demonstrated a
stronger propensity to share with Superiors (M = 0.67, SD = 0.13)
than Inferiors (M = 0.55, SD = 0.21) and with partners who
showed a high reciprocity rate (M = 0.73, SD = 0.17) than a low
reciprocity rate (M = 0.49, SD = 0.20). Furthermore, we found the
learning effect was characterized by the significant interaction
of social status × Block [F(7,161) = 2.210, P = 0.036, ηp2 = 0.088] and
interaction of reciprocity rate × Block [F(7,161) = 6.054, P < 0.001,
ηp2 = 0.208]. Post hoc tests showed that the difference between the
share rate of Superior and Inferior was more robust in the early
stages [Block1: t(23) = − 4.112, P(Tukey) = 0.008] and then started to
fade. However, post hoc tests revealed that the difference in share
rate between trustworthy partners and untrustworthy partners
became more pronounced at later stages [Block5: t(23) = 5.140,
P(Tukey) < 0.001; Block6: t(23) = 4.246, P (Tukey) = 0.006; Block7:
t(23) = 4.356, P (Tukey) = 0.004; Block8: t(23) = 5.434, P(Tukey) < 0.001).
The three-way interaction of social status × reciprocity rate ×
Block was not significant [F(7,161) = 1.62, P = 0.13, ηp2 = 0.07]. No
other significant effect was found (Ps > 0.05).

One-way repeated-measures ANOVA was conducted to probe
the effect of social status on reaction time. No significant differ-
ence was found (Ps > 0.05).

Subjective rating
Participants rated the trustworthiness of the trustees twice as
a manipulation check (Fig. 2B). A three-way repeated-measures
ANOVA was conducted on the trustworthy rating with social
status (Superior vs. Inferior), reciprocity rate (high vs. low),
and rating sequence (prerating and postrating) as within-
subject variables. Results revealed a significant main effect of
social status [F(1,23) = 18.344, P < 0.001, ηp2 = 0.444], indicating
that participants rate Superiors (M = 5.85, SD = 0.92) as more
trustworthy than Inferiors (M = 4.69, SD = 1.03). The observed
significant main effect of reciprocity rate [F(1,23) = 27.243, P < 0.001,
ηp2 = 0.542) revealed that participants rated partners who
showed a high reciprocity rate (M = 5.88, SD = 0.88) as more
trustworthy than those with low reciprocity rate (M = 4.67,
SD = 0.94). We found a significant interaction of social status
× rating sequence [F(1,23) = 4.738, P = 0.040, ηp2 = 0.171]. The post
hoc test demonstrated that the difference between Superior and
Inferior was significant in prerating [t(23) = 4.793, P(Tukey) < 0.001],
but not in postrating [t(23) = 2.561, P(Tukey) = 0.067], which indicates
that the influence of social status had faded as participants
learned trustees’ reciprocity rates in the trust game. Results
also revealed a significant interaction of reciprocity rate × rating
sequence [F(1,23) = 26.590, P < 0.001, ηp2 = 0.536]. The post hoc test
demonstrated that the difference in rating score between partners
with a high reciprocity rate and partners with a low reciprocity
rate was significant in postrating [t(23) = 7.335, P(Tukey) < 0.001],
but not in prerating [t(23) =−0.063, P(Tukey) = 1.000], indicating
participants learned partners’ reciprocity rates in the trust game.
The three-way interaction of social status × reciprocity rate × test
sequence was not significant [F(1,23) = 0.484, P = 0.493, ηp2 = 0.021].
No other significant effect was found (Ps > 0.05).

Model comparisons and validation
The results of model estimation and comparison are shown
in Supplementary Table S1. Based on AICs, we found that the
SV&LR Model fitted the participants’ data better than LR Model
[t(23) = 5.256, P < 0.001, Cohen’s d = 1.072], LG Model [t(23) = 2.544,
P = 0.018, Cohen’s d = 0.519], and SV&LG Model [t(23) = 3.209,
P = 0.004, Cohen’s d = 0.655].
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Fig. 2. Share rate in the trust game and trustworthiness rating. A) Mean percentage of trials in which participants shared in each block across the
experiment condition of their trustees. B) Subjective trustworthiness rating before (pre) and after (post) the trust game. Error bars refer to SEM.

The above analysis suggests that the SV&LR Model is
highly fit for capturing the characteristics of actual behavior
(Supplementary material). Based on the SV&LR Model, we tested
the relationship between social value and behavioral superior
bias. The social value item as a subject-specific parameter mea-
sures the significance of various social statuses in individuals’
perceptions. We found a significant positive correlation between
the difference in social value term (i.e., social value Superior − social
value Inferior) and behavioral bias (ie share rate Superior − share
rate Inferior; r = 0.457, P = 0.025). This indicates that the higher
the social value of social status, the higher the Superior bias
in trust decisions from participants (trustors). We also found a
significant negative correlation between the difference in learning
rate (learning rate Superior − learning Inferior) and behavioral bias
(r =−0.460, P = 0.024). This finding implies that the updating
process influences the participants’ share rate in the trust game.

Neuroimaging results
Decision phase
At the time of choice, participants evaluated the benefits of
investing money versus keeping money. We mainly focus on
whether and how decision-making is modulated by the social
status of the trustee. Firstly, we conducted a whole-brain ANOVA
of social status × decision, during the decision phase, to analyze
their interaction (Supplementary material; Table S2). However, no
significant results were found. Then, we conducted an exploratory
analysis of the one-sample t-tests. The result revealed activation
in vmPFC when contrasting share and keep decisions in the
context of interacting with Superiors [left peak: x, y, z = −8, 32,
−10, t(23) = 5.78, Z = 4.50, FWEc P = 0.010; right peak: x, y, z = 12,

34, −10, t(23) = 4.63, Z = 3.85, FWEc P = 0.010] but not found in
the partner context of Inferiors (Fig. 3A; Table 1). Activation of
the vmPFC was stronger when sharing money with Superiors
than when keeping money. To illustrate how the blood oxygen
level-dependent (BOLD) signal varied with social status in the
decision phase, we obtained parameter estimates from these
regions (6 mm radius spheres with center at the reported peak
coordinates) as shown in Fig. 3A.

This result prompted us to further explore functional connec-
tivity since vmPFC has previously been shown to be functionally
connected with brain regions associated with social cognition
during value computations (Hare et al. 2010; Bellucci et al. 2019).
We supposed that the functional coupling of the signal in vmPFC
may vary when evaluating the trustworthiness of different part-
ners. To verify this potential neural integration, we performed
a PPI analysis using the vmPFC as seed regions. This analysis
of social status will enhance our comprehension of the impact
such activity has on subsequent behavior or neural activation.
Results revealed that the left vmPFC was more strongly coupled
to the right amygdala [x, y, z = 22, 0, −14, t(23) = 3.57, Z = 3.15,
SVC P = 0.031], and the right vmPFC was more strongly coupled
to the bilateral amygdala [right amygdala: x, y, z = 22, 0, −14,
t(23) = 3.86, Z = 3.36, SVC P = 0.017, left amygdala: x, y, z = −24, −6,
−18, t(23) = 3.78, Z = 3.30, SVC P = 0.018] during the evaluation of
the trustworthiness of Superiors than Inferiors in the decision
phase (Fig. 3B). We then further explored whether this neural cou-
pling was associated with participants’ behavioral performance
related to the perception of the trustworthiness of Superiors
and Inferiors. This functional connectivity between right mPFC
and left amygdala showed a significant correlation with pretest
ratings of trustworthiness for Inferiors (r = −0.46, P = 0.024).
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Fig. 3. Neural activity in the decision phase. A) Neural activation in the vmPFC was significantly higher when individuals chose to share with Superiors
than chose to keep with Superiors (FWEc P < 0.05). B) Functional connectivity between the vmPFC and amygdala was stronger for the decision phase when
interacting with Superiors than with Inferiors (SVC P < 0.05). This functional connectivity between right mPFC and left amygdala showed a significant
correlation with pretest ratings of trustworthiness for inferiors (r =−0.46, P = 0.024). vmPFC, ventromedial prefrontal cortex;∗ P < 0.05; error bars refer
to SEM.

Feedback phase
For the feedback phase, we first sought to explore the clue that
links social status and different feedback. The right amygdala
revealed stronger activation when participants received feedback
of reciprocity from Superiors than from Inferiors [x, y, z = 26, −6,
−14, t(23) = 6.26, Z = 4.70, SVC P < 0.001, Fig. 4A].

In the feedback phase, participants can update their beliefs
of partners’ trustworthiness and thus improve their decisions in
the subsequent trials. Based on the reinforcement learning model
(SV&LR Model), the updating is quantified by the PE. Using this
model-derived trial-by-trial PE value as a parametric regressor,
we identified the contribution of vmPFC [x, y, z = 6, 34, −14,
t(23) = 7.19, Z = 5.16, FWEc P < 0.001] and ventral striatum (VS) [x,
y, z = −10, 8, −6, t(23) = 7.44, Z = 5.26, FWEc P < 0.001] to encoding
the updating of trustworthiness (Fig. 4B; Table 1). Next, we set
out to characterize how social status influences the process by
which participants place trust in their trustees during the trust-
worthiness updating. Thus, we contrasted the neural activation
that correlated with the PE value in different partner contexts
and found that the activation difference in vmPFC [x, y, z = −8, 44,
−16, t(22) = 4.70, Z = 3.87, SVC P = 0.014] and VS [VS, x, y, z = −14, 4,
−12, t(22) = 5.53, Z = 4.33, SVC P = 0.001] was significant. This result
was observed when correlating the contrast of Superior minus
Inferior with the model-based social value difference between
participants (Fig. 4C). Then, we more closely examined this asym-
metric modulation of trustworthiness updating by superior bias
in a post hoc ROI analysis. In this analysis, one ROI was identified
in vmPFC (with a 6 mm sphere centered on the peak coordinate
x, y, z = −8, 44, −16), and another was identified in VS (with
a 6 mm sphere centered on the peak coordinate x, y, z = −14,
4, −12). The PE-related BOLD activity was extracted from these
cluster identifications. Results for the correlation between social
value differences and parameter estimates of BOLD activation
that parametrically vary with PE in the contrast of Superior minus

Inferior were significant (vmPFC: r =− 0.638, P < 0.001; VS: r =−
0.714, P < 0.001). This finding indicates that the higher the social
value of the Superior for participants, the lower the PE coding
when they interacted with the Superior compared with the Infe-
rior. In other words, prior-based superior bias in trust diminished
the reliance on information updating in the neural circuitry of
trial-and-error learning. The results of the computational mod-
eling agreed with this finding, that superior bias in trust is neg-
atively correlated with the difference in learning rates of the
trustworthiness of Superior and Inferior partners.

Discussion
By combining computational modeling and fMRI, the current
study determines the neurocomputational mechanisms that
underlie how a trustee’s social status influences the trust
participants place in them. We implemented a multishot binary
version of the trust game, in which trustors were required to
make binary forced-choice decisions. Specifically, after receiving
an endowment from the experimenter, the trustor had to decide
whether to keep the entire amount (i.e., a distrust decision)
or share it entirely (i.e., a trust decision) with trustees of
either high or low social status. This version of the trust game
categorizes the participants’ choices as either trust or distrust
on a qualitative basis, and the average percentage of trials in
which trustors chose to share across experimental conditions
serves as a measure of trust. The behavioral results revealed
that participants trusted Superiors more than Inferiors when
trustees showed similar trustworthiness. At the brain system
level, social status influenced trust-related cognitive processing
through two mechanisms: (i) the activity of the amygdala and
vmPFC, and their functional connectivity, which represented
the influence of social status on prior-based processing, and (ii)
the dependency on the prior of social status, which diminished
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Fig. 4. Neural activity in the feedback phase. A) Neural activation in the right amygdala was significantly higher when participants received the feedback
of a superior who was reciprocating than an inferior (SVC P < 0.05). B) Activity in vmPFC and VS shows a significant correlation with model-based trial-
by-trial prediction error (FWEc P < 0.05). C) The subject-specific social value difference significantly modulated BOLD responses that correlated with
prediction error in the contrast of Superior–Inferior in vmPFC and VS (SVC P < 0.05). The scatter plots illustrate the correlation between social value
differences and parameter estimates of BOLD activation that parametrically vary with prediction errors in the contrast of Superior—Inferior, based on
the post hoc ROI analyses of vmPFC and VS. vmPFC, ventromedial prefrontal cortex; VS, ventral striatum. PE, prediction error.

reliance on information updating based on PE engaging the vmPFC
and VS, in the feedback-based dynamic processing.

Superior bias in trust-related behavioral
representation
In our experiment, two kinds of information contributed to trust
decisions: prior information about social status and trial-by-trial
feedback about reciprocity. Here, we discuss how these two kinds
of information affect trust decisions and the way they integrate.
Both the trustworthy ratings and trust behaviors indicated that
Superiors were considered to be more trustworthy than Inferiors,
which is pervasive and relatively stable. In the first block of the
trust game, when partners’ reciprocity rates were unknown, par-
ticipants had a stronger disposition to share with Superiors than
Inferiors. However, over the course of consecutive trials, partici-
pants increasingly made decisions relying on trustees’ reciprocity
rates. Nevertheless, social status still had a significant influence,
such that participants’ share rates diverged when facing partners
with the same reciprocity rate but different social statuses. This
result is consistent with the finding of our previous study of a

series of behavioral experiments, in which individuals with high
status were more likely to gain the trust of others (Li et al. 2023).

Furthermore, social status was associated with trust and infor-
mation updates. Feedback-based trial-and-error reinforcement
learning is the main updating mechanism engaged in the repeated
trust game, which has been delineated by an extensive body of
work (Delgado et al. 2005; Chang et al. 2010; Fareri et al. 2012, 2015;
Fouragnan et al. 2013; Konovalov et al. 2018). To explore the inter-
nal learning mechanism, we constructed different reinforcement
learning models. The core updating mechanism, ie PE, contributes
to quantifying the difference between the expected value and
actual outcome. The learning rate is an important subject-specific
parameter that quantifies updating by scaling PE (Ligneul et al.
2016, 2017; Konovalov et al. 2018; Lockwood and Klein-Flügge
2020; Zhang et al. 2020; Janet et al. 2022). We observed a neg-
ative correlation between the learning rate difference and the
social value difference in the SV&LR Model, which revealed and
quantified learning rates and social value for different social
statuses. That is, the greater the difference in social value between
high and low status in the participants’ belief, the lower their
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learning rates for the high-status partners compared with the
low-status partners. A relatively lower learning rate for Supe-
riors compared with Inferiors implies a weakened updating for
Superiors among those who held the belief that there is a close
relationship between high social status and high social value. Fur-
thermore, we found a significant positive correlation between the
difference in social value between high and low status and bias
in favor of trusting Superiors. These results link two prejudices:
that superior bias in trust may be driven by the high social value
of status and that this subjective value influences information
updating to stabilize the asymmetry of trust in the social status
context. This finding is consistent with the second hypothesis we
proposed concerning the impact of social status on trust learning.
However, due to the absence of a discernible relationship between
the learning rates of the outcomes of different valences and the
social status (LG Model and SV&LG Model in the Supplementary
material), we were unable to obtain results that could verify the
first hypothesis.

Prior-based preference of social status affects
trust-related processing
Social hierarchies are valuable social information that have a
broad impact on social interactions (Zink et al. 2008; Fernald
2014; Santamaría-García et al. 2014; Hu et al. 2016; Qu et al.
2017). To explore the neural representation of social status in the
context of trust reciprocity, we compared neural signals under
different conditions of status and identified the important roles of
vmPFC and amygdala in prior-based evaluation. Their roles may
be related to the transmission and integration of social and value
signals. We first explored the effect of social status on the decision
phase by comparing the decision to share and keep. Our finding
demonstrated that activity in vmPFC selectively modulates the
decisions regarding superior but not inferior trustees. Specifically,
only when playing with superior trustees, vmPFC showed stronger
activation in decisions when they chose to trust rather than
distrust. This relative activation was not observed in decisions
involving trustees of inferior status. As a key structure of the
valuation brain circuit, vmPFC is closely associated with encoding
the expected value of stimuli; this guides decisions by incorporat-
ing complex and qualitatively different reward alternatives into
a common currency of subjective value (Hare et al. 2008, 2009;
Rangel et al. 2008; Sescousse et al. 2010; Louie and Glimcher 2012;
Delgado et al. 2016). Based on previous research, the vmPFC may
be sensitive to the higher social value associated with higher
status.

Due to vmPFC’s interconnectivity with the brain regions that
support social and reward processing, including the amygdala and
VS (Hare et al. 2009; Haber and Knutson 2010), the vmPFC func-
tions as a neural integrator, integrating social signals via connec-
tivity with several brain regions. Based on its structural features,
we performed a PPI analysis with vmPFC as the seed region. The
results showed that the functional connectivity between vmPFC
and the amygdala varied according to the partners’ social status.
The amygdala was more strongly coupled to the vmPFC when
participants interacted with Superiors than with Inferiors, and
the strength of this functional connectivity was further correlated
with the pretest ratings of trustworthiness for Inferiors. In other
words, the participant’s belief in social status may influence the
cognitive neural mechanisms when interacting with partners of
different ranks. If an individual is more capable of overcoming
their belief that Inferiors are not trustworthy, in a trust game,
there will be less disparity in the functional connectivity strength
between mPFC and amygdala when interacting with partners

of different ranks. In addition, the amygdala activity showed a
stronger response when participants received reciprocation from
Superiors than Inferiors in the feedback phase. Previous studies
have revealed that neural activity in the amygdala can represent
the value of others according to their rank in the social hierarchy.
Thus, this signal could potentially be used to guide the selection
of advantageous coalition partners (Kumaran et al. 2012; 2016).
In trust-related processing, the amygdala evaluates the incoming
social input and modulates behaviors by enhancing trust behav-
iors for positive evaluations or increasing distrust behaviors for
negative evaluations (Koscik and Tranel 2011; Krueger and Mey-
er-Lindenberg 2019). People with damaged basolateral amygdala
have difficulties in learning whom to trust in the trust game
(Rosenberger et al. 2019). Associating the role of the amygdala in
trust-related and social status-related processing, the amygdala
may serve as a social stimulus evaluator that assesses the value
of partners based on their social status and works together with
the vmPFC to make the final trust-related decisions.

Feedback-based dynamic learning guides trust
behaviors
In the repeated trust game, participants had the chance to update
their beliefs with respect to others’ trustworthiness and optimize
their decisions. For the basic update mechanism, we found that
neural activation of VS and vmPFC showed a significant corre-
lation with PE, which replicated previous findings (Rangel et al.
2008; Olsson et al. 2020).

The subsequent primary focus of the current study centered on
examining how social status, as a high-level social concept, would
interact with the processing of feedback-based, trial-by-trial
trustworthiness learning. Our results demonstrated that prior
beliefs can reduce the impact of feedback-based updating. The
subject-specific social value difference significantly modulated
neural responses that correlated with PE in vmPFC and VS.
Specifically, among participants, the higher the social value of
Superiors compared to Inferiors, the lower the PE-related activity
in the vmPFC and VS for Superiors compared with Inferiors.
This finding further substantiates the second hypothesis. Our
findings cohere with previous studies that show that knowledge
about an interaction partner’s prior knowledge can hinder or
bias the updating of expectations, after interactions via the top–
down modulation of reward circuitry (Delgado et al. 2005; Fareri
et al. 2012; Fareri and Delgado 2014). One study provided a social
prior by presenting visual cues and found that when no prior
information was available, striatal activation patterns correlated
with behaviorally estimated reinforcement learning measures.
However, this correlation was disrupted when reputational priors
of trustees were provided (Fouragnan et al. 2013). The violations
of direct learning were mediated by prior-enhanced connectivity
between the caudate nucleus and ventrolateral prefrontal cortex
(Fouragnan et al. 2013). All of these findings suggest that prior
information affects not only static cognitive processing but also
dynamic and immediate information updating.

Limitations and future directions
Notwithstanding our insightful findings, there are several
limitations that warrant discussion. Based on previous research
findings, our correction of ROI, guided by a hypothesis-driven
approach, adopts a relatively lenient methodology. The functions
of these brain regions need to be continuously explored in
future studies. Furthermore, in this study, we concentrated
on investigating the impact of trustees’ social status on their
characteristics to gain trust from trustors, without considering
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the interactive effects of social status between these two roles
in trust-related interactions. This issue can be systematically
examined in future research.

Conclusion
To conclude, we observed that participants trusted Superiors
more than Inferiors when trustees showed similar trustworthi-
ness, an effect likely due to Superiors holding an additional social
value independent of trust profit, which thus resulted in superior
bias (Li et al. 2023). Such social status influenced trust-related
cognitive processing through two mechanisms at the time of
choice and feedback. In particular, the social value bias modulated
the updating mechanism at the time of feedback.
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