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a b s t r a c t
Trust can be a dynamic social process, during which the social identity of the interacting agents (e.g., an investor
and a trustee) can bias trust outcomes. Here, we investigated how social status modulates trust and the neural
mechanisms underlying this process. An investor and a trustee performed a 10-round repeated trust game while
their brain activity was being simultaneously recorded using functional near-infrared spectroscopy. The social
status (either high or low) of both investors and trustees was manipulated via a math competition task. The
behavioral results showed that in the initial round, individuals invested more in low-status partners. However,
the investment ratio increased faster as the number of rounds increased during trust interaction when individuals
were paired with a high-status partner. This increasing trend was particularly prominent in the low (investor)-high
(trustee) status group. Moreover, the low-high group showed increased investor-trustee brain synchronization
in the right temporoparietal junction as the number of rounds increased, while brain activation in the right
dorsolateral prefrontal cortex of the investor decreased as the number of rounds increased. Both interpersonal
brain synchronization and brain activation predicted investment performance at the early stage; furthermore, twobrain data provided earlier predictions than did single-brain data. These eﬀects were detectable in the investment
phase in the low-high group only; no comparable eﬀects were observed in the repayment phase or other groups.
Overall, this study demonstrated a multi-brain mechanism for the integration of social status and trust.

1. Introduction
Trust is the social glue that holds society together (Jones and
George, 2007). To successfully manage our social interactions, our trust
in the people we interact with must be dynamically modiﬁed (Fett et al.,
2012; Jones and George, 2007; Mcallister, 2006; Wu et al., 2009). This
requires making inferences about their thoughts and intentions and depends on the social information (for example, social status) of the individuals who are interacting (Lount and Pettit, 2012). However, investigations on how people develop and modify their social trust by combining their own experiences with the social status of partners, and the
underlying neural mechanisms are currently limited.
Trust can be reﬂected in various situations and thus be accessed
in diﬀerent ways, such as the economic trust game (A.B. KingCasas et al., 2005, 2008), or the Speciﬁc Interpersonal Trust Scale
(Johnson-George and Swap, 1982). In the laboratory setting, the economic game (also known as the trust game) is a paradigm used to study
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how social trust is formed and modiﬁed over time and has been used
widely in previous studies (Blue et al., 2020; Declerck et al., 2020;
A.B. King-Casas et al., 2005, 2008; van den Bos, van Dijk, Westenberg,
Rombouts, and Crone, 2009). In the trust game, an individual (i.e., an
“investor”) decides how much money of an initial endowment should
be sent to another person (i.e., a “trustee”). The amount sent is then
multiplied by three (Blue et al., 2020; A.B. King-Casas et al., 2005,
2008; Sapienza et al., 2013), and the trustee decides how much of the
money received should be sent back to the investor. In this game, the
amount sent (i.e., the investment ratio) is operationally deﬁned as a behavioral measure of trust (Koranyi and Rothermund, 2012; Krueger and
Meyer-Lindenberg, 2019), which can be motivated by various factors
such as perception of moral character (Delgado et al., 2005), honesty
(Bellucci et al., 2019), race attitudes (Stanley et al., 2011), and network
formation (Di Cagno and Sciubba, 2010). Importantly, given that interpersonal trust is typically situated in a social setting, one crucial factor
aﬀecting trust is the social status of the individuals involved in the interaction (Blue et al., 2020; Lount and Pettit, 2012).
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Social status is deﬁned as the prominence, respect, and inﬂuence that
individuals owns in the eyes of others (Anderson et al., 2006) and is crucial for interaction and social behaviors in many species. It can either
be elicited by one’s socioeconomic status or be attained according to
dominance or prestige (Henrich and Gil-White, 2001). Previous studies
have demonstrated that social status biases individuals’ emotions and
social behaviors (e.g., Guinote et al., 2015). However, its impact upon
trust is controversial. In a series of studies, it was proposed that individuals with relatively higher (vs. lower) status would show more initial
trust toward the partner (i.e., sending more money to the anonymous
partner). This was interpreted as the higher-status individuals perceived
a higher degree of benevolence from their lower-status partner, which
enhanced their willingness to trust. It is referred to as the “low-status
benevolence” hypothesis (Lount and Pettit, 2012). In contrast, according
to the “high-status credibility” hypothesis (Blue et al., 2020), individuals would trust a relatively higher-status conspeciﬁc, who is perceived
as skillful or reliable (Kilpatrick et al., 2007). This hypothesis was supported by a recent study that showed that individuals trusted higherstatus partners’ promises more than those made by their lower-status
partners (Blue et al., 2020).
The inconsistent ﬁndings (i.e., individuals trust more towards a
higher-status trustee vs. a lower-status trustee) might be related to
the diﬀerence of experimental paradigm and settings. In the study of
Lount and Pettit (2012), participants had no opportunity to communicate or interact with the trustee, thus the ﬁnding could only reﬂect
individuals’ initial willingness to trust in new relationships. In contrast,
participants in the study of Blue et al. (2020) received the promise from
the trustee. Such communication or interaction can modulate individuals’ perception or behavior towards others (McAuliﬀe et al., 2018),
which might have promoted the trust of the low-status investor towards
the high-status trustee (Blue et al., 2020). Therefore, interaction process could be an important factor worthy of concern that modulating
the eﬀect of social status on trust. The aforementioned studies focused
primarily on initial trust by adopting a trust scale or a single-shot trust
game, however, signiﬁcant social exchanges are rarely single-shot, and
trust could be temporally changing as individuals interact with each
other across time (Cochard et al., 2004; A.B. King-Casas et al., 2005,
2008). Taken together, a complete understanding of interpersonal trust
requires a broad framework that captures both the initial trust and the
temporal change of trust, as well as the underlying neural computations that emerge from multiple interacting agents, beyond that which
is known so far from single-individual studies. Furthermore, given individuals continuously interact in a social context, concrete knowledge regarding how social information, such as their social status relationships,
shapes trust behavior is key to broadening our understanding of how
individuals integrate endogenous and exogenous experiences to modify
their trust interactions.
Thus, the current study extended the ﬁeld from two aspects: (1) examining the eﬀect of social status on the temporal change of trust during interaction apart from the initial trust, and (2) characterizing realtime trust interaction from a neurophysiological perspective. We used a
multiple-round repeated trust game in a multi-person interactive situation to clarify the eﬀect of social status on trust interaction and the related neural mechanisms. Given the interactive nature of interpersonal
trust, it is imperative to adopt the hyperscanning technique (i.e., the
measurement of brain activity from two or more individuals simultaneously) (Babiloni and Astolﬁ, 2014; Koike et al., 2015; Montague et al.,
2002). Using functional near-infrared spectroscopy (fNIRS) hyperscanning, it has been demonstrated that synchronous brain activities (i.e.,
interpersonal brain synchronization, IBS) across two persons can occur with their social behaviors, in particular prosocial or coordination
behaviors, such as cooperation (Cui et al., 2012), complementary coordination (Cheng et al., 2019; Liu et al., 2015), and intention sharing
(Hu et al., 2017). More importantly, IBS has been observed among interacting persons when they perform economic games. For example, using
fMRI hyperscanning, the middle cingulate cortex of investors and the an-

terior cingulate cortex of trustees were found to be strongly correlated
when playing the trust game (A.B. King-Casas et al., 2005). The changes
in connectivity patterns of theta band at prefrontal areas may predict
individuals’ decisions to cooperate in an EEG hyperscanning study (De
Vico Fallani et al., 2010). Compared with fMRI and EEG, fNIRS is more
tolerant to movement artifacts, which makes it advantageous for studying trust in a naturalistic setting. Based on the hyperscanning technique,
IBS could be a useful indicator in studies of interpersonal trust.
In this study, participants ﬁrst worked together on a math competition task that was intended to manipulate their social status (high or
low status) and were subsequently designated as either an investor or a
trustee. To extend previous studies (Blue et al., 2020; Hu et al., 2015,
2014), we manipulated the social status of both participants within a
dyad. Thus, “social status” in this study referred to the composition of
social ranking in an investor-trustee pair (i.e., high-high, high-low, lowlow, and low-high). The investor-trustee dyads performed a 10-round
repeated trust game, during which their brain activity was recorded
using the fNIRS-based hyperscanning technique. The brain regions of
interest (ROIs) were the prefrontal cortex (PFC, including the frontopolar cortex and the dorsolateral PFC [DLPFC]) and the right temporalparietal junction (rTPJ). These two brain regions are closely related to
interpersonal interactions (Cui et al., 2012; Hu et al., 2017; Jiang et al.,
2015; Nguyen et al., 2021). Speciﬁcally, the rTPJ is often associated
with self-other representation and perspective-taking (Saxe and Kanwisher, 2003), while the PFC plays an important role in monetary
reward, cognitive control, and decision-making (Kahnt et al., 2011;
Minati et al., 2012).
The goal of the present study was twofold. First, we examined the
eﬀect of social status on trust behaviors (including both initial trust
and the temporal change of trust during interaction). Following the
“low-status benevolence” hypothesis, the high (investor)-low (trustee)
group would elicit the greatest degree of initial trust and/or the increased tendency of trust. Alternatively, according to the “high-status
credibility” hypothesis, the low-high group would elicit the greatest degree of initial trust and/or the increased tendency of trust. Noted that
interaction/communication might promote the trust of the low-status
investor towards the high-status trustee (Blue et al., 2020). It is also
possible that the eﬀects of social status on trust depend on the situation, i.e., individuals trust more in lower-status trustee initially, and
show a greatly increased tendency of trust in high-status as interacting
with each other across time. The two equal-status groups (i.e., high-high
and low-low) were included as control groups. Second, we computed
IBS during the trust game to characterize real-time trust interactions
from a “two-person neuroscience” perspective (Ellingsen et al., 2020;
Pan et al., 2021; Pan and Cheng, 2020). Given that IBS may be a useful
indicator of interpersonal trust (B. King-Casas et al., 2005), we hypothesized that an increased tendency of IBS would be observed either in the
high-low group, based on the “low-status benevolence” hypothesis, or
the low-high group, based on the ‘high-status credibility’ hypothesis. We
conducted parallel computations of individual brain data to explore the
potential added value of a two-brain vs. single-brain analysis. Finally,
to identify whether and to what extent trust behavior can be decoded
from brain data, we applied a machine-learning algorithm (i.e., support
vector regression) to each group.
2. Methods
2.1. Participants
Two hundred and two right-handed female students (age:
21.05 ± 2.47 years) were recruited via ﬂyers spread throughout
East China Normal University, forming 101 investor-trustee dyads.
Following previous evidence and recommendations (Pan et al., 2018;
Tang et al., 2016), we recruited only females in the current study to
reduce the variability of our sample and to mitigate the confounding
eﬀects elicited by gender compositions that proven to aﬀect social
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Fig. 1. Experimental design and task procedures. (A) Experimental setup. (B) Probe conﬁguration. The integers on the
cerebral cortex indicate the recording channels (CHs). The
BrainNet Viewer toolbox was used to visualize the locations
of the CHs (Xia et al., 2013). (C) The math competition task.
Participants solved 12 math questions and received feedback
on their rank at the end of the task. During the feedback, the
screen would show the photos of the two current interacting
participants, the other six participants and their corresponding
number of stars. Speciﬁcally, the photos of the two interacting
participants are indicated by the yellow frame. (D) The trust
game. Events and time ﬂow in a round. In the status display
phase, the photos shown were real photos of the current participants.

interactions (Baker et al., 2016; Cheng et al., 2015). The two participants in a dyad were unacquainted prior to the experiment. All
participants had normal or corrected-to-normal vision and had no
history of medical, psychiatric, or neurological diagnoses. Written
informed consent was obtained from every participant. Participants
were compensated for their participation. The study was approved by
the University Committee on Human Research Protection of East China
Normal University.

In the status-inducing session, two participants were required to
complete a math competition task, i.e., solving 12 math questions under a time constraint (10 s per question) (Blue et al., 2020; Hu et al.,
2015). For each question, participants were asked to compare two arithmetic expressions (e.g., 65 × 24 and 34 × 47) that were displayed on
the left and right sides of the screen and determine which was greater in
value by pressing the ‘F’ (indicating the left side has a greater value) or
‘J’ key (indicating the right side has a greater value). Expressions were
either complex fraction additions (e.g., 2 23 + 4 34 ) or two-digit multiplications (e.g., 65 × 24). Participants were told that their performance
would be calculated according to their question-solving accuracy (in reality, the performance was manipulated by the experimenter) and that
they would receive performance feedback after completing all questions.
We presented six easy questions (i.e., those that could be solved within
10 s) and six diﬃcult questions (i.e., those that would be diﬃcult to
solve within 10 s) during the task to manipulate participants’ status by
assuring participants that they could provide correct and incorrect responses. After completing all questions, participants were informed of
their own and partner’s performance status: either high status (indicated
by three stars) or low status (indicated by one star; Fig. 1C). Speciﬁcally,
in our study, two participants of 50 dyads were assigned the same status: high-status investor and high-status trustee (the high-high group, 25
dyads) or low-status investor and low-status trustee (the low-low group,

2.2. Experimental tasks and procedures
Upon arriving at the laboratory, two participants brieﬂy met each
other and conﬁrmed that they had not been previously acquainted. They
were then seated on opposite sides of a table and separated by two computer monitors in a quiet room (Fig. 1A). Participants were told that
they would play a two-person economic exchange game during the experiment, acting as either an investor or a trustee (randomly assigned
by the experimenter). Before performing the economic game, they were
asked to solve several math questions; this was referred to as the statusinducing task. A total of three sessions were included in the current
experiment: (1) a 3-min resting session in which participants were required to relax and remain still, (2) a status-inducing session, and (3) a
trust game session.
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25 dyads). Two participants in the other 51 pairs were assigned diﬀerent
statuses: high-status investor and low-status trustee (the high-low group,
26 dyads) or low-status investor and high-status trustee (the low-high
group, 25 dyads).
Following the status-inducing session, participants performed a 10round trust game (Fig. 1D). Each round began with a 4-s ﬁxation, followed by the presentation of the two participants’ statuses for 10 s. Participants then completed three phases: the investment, repayment, and
outcome phases. In the investment phase, a decision display informed
the investor that they received 10 monetary units as an endowment. The
investor then decided on an amount (ranging from 0 to 10) to invest in
the trustee. At the same time, another display instructed the trustee to
wait for the investor’s decision. Once the decision was made, there was a
delay during which a blank black screen was displayed for 8 s. This was
followed by a feedback display revealing the number of monetary units
each person had, which was displayed for 10 s. The number of monetary units was represented graphically and numerically. In the repayment phase, the trustee was informed of the number of monetary units
she had after receiving the investment (the number was tripled) before
deciding how much to repay the investor. Meanwhile, the investor was
instructed to wait for the trustee’s decision. The feedback display revealed the number of monetary units each player had after the trustee’s
decision, which was displayed for 10 s. In the outcome phase, a 10-s
display was presented that revealed the number of monetary units each
participant had in that round after the investment-repayment decisions
had been made (i.e., the total outcome). This constituted one round of
gameplay.
The status-inducing task and the trust game were implemented
through E-prime 2.0 software (Psychology Software Tools, Inc., Pittsburgh, PA). Before completing the tasks, participants were provided
with a detailed introduction to ensure they were familiar with the procedures. In addition, we did not inform participants of the exact number
of rounds in the trust game to reduce the possibility that they would
exploit others’ trust during the ﬁnal rounds. Following previous studies
(Blue et al., 2020; Hu et al., 2015), we checked the validated manipulation of social status after the trust game by asking participants to report
their self-perceived social ranking on a seven-point Likert scale, where
1 = very low status and 7 = very high status. The manipulation of social
status was checked after the trust game instead of immediately after the
status-inducing task to avoid explicitly leading the participants to infer
the purpose of the study, which might contaminate trust behaviors.

2.4. Data analysis
2.4.1. Behavioral data
In each round, we calculated the behavioral performance of each
participant in the pair playing the trust game, i.e., the investor’s investment ratio and the trustee’s repayment ratio. To examine the eﬀect of
social status on initial trust, we conducted a linear mixed-eﬀects model
on the investment ratio and the repayment ratio of the ﬁrst round with
investor and trustee statuses as ﬁxed factors and dyad as a random eﬀect.
Furthermore, to explore the eﬀect of social status on trust development,
the dependence of the investment and the repayment ratios on round
and social status (including investor and trustee statuses) was modeled
using linear mixed-eﬀects models. The round number was considered a
continuous independent variable. Investor and trust statuses, each had
two levels (high and low), were considered to be ﬁxed eﬀects of the
model. Dyad was considered a random eﬀect in the model. Model ﬁtting
was conducted using the lme4 package in the R statistical environment
(Bates et al., 2020).
2.4.2. fNIRS data
Both HbO and HbR signals were extracted. However, we mainly
focused on the HbO signal, because of its sensitivity to regional
cerebral oxygenation changes (Hoshi, 2003) and its higher signalto-noise ratio compared with that of HbR (Goldstein et al., 2018;
Mahmoudzadeh et al., 2013). The selection of brain signals was in accordance with our previous studies using the same technique (Cheng et al.,
2019; Hu et al., 2017). During preprocessing, the raw HbO data were
passed through a 0.01–0.5 Hz bandpass ﬁlter to remove longitudinal signal drift and the noise from the instrument. We then used the
correlation-based signal improvement (CBSI) procedure to reduce motion artifacts caused by head movement (Cui et al., 2010). The approach
based on the hypothesis that the two signals (i.e., HbO and HbR) will
become more positively correlated when motion artifacts occur. Finally,
a wavelet-based denoising method was employed to remove the global
physiological (Duan et al., 2018). Speciﬁcally, a wavelet transform coherence algorithm was performed to automatically search for the timefrequency points that were related to systemic noises. The wavelet energy of the contaminated time-frequency points was then separated from
the neural time series. During preprocessing, the fNIRS data of two dyads
(one from the high-low group and one from the low-high group) could
not be viewed due to recording error. Therefore, the data of these two
dyads were excluded in the sequence analysis that evaluated brain activity.
Interpersonal brain synchronization (IBS). As we were more interested in time-synced relationship between two interacting individuals,
we explored the relationship between the brain signals in the temporal domain instead of the spectral domain following previous studies
(Dai et al., 2018; Liu et al., 2021, 2017, 2015). Speciﬁcally, Pearson’s
correlation was used to evaluate the relationship between the two signals from the matched CHs of the two participants in a dyad (e.g., CH
10 from the investor and CH 10 from the trustee). For each CH, we
calculated the r values between the two participants’ signals during the
resting-state and the task (including both the investment and repayment
phases). The r values were Fisher-z transformed before further analysis. For each dyad, task-related IBS was deﬁned as Ztask − Zrest . Consistent with previous studies (Goldstein et al., 2018; Reindl et al., 2018),
the IBS analysis procedure included two steps. First, a series of onesample t-tests were applied for each group on task-related IBS to identify the CHs that demonstrated signiﬁcant IBS. The false discovery rate
(FDR) method was used to correct for multiple testing (Benjamini and
Hochberg, 1995). Only CHs showing signiﬁcant task-related IBS in at
least one group were regarded as a CH of interest and included in subsequent analyses. This step aimed to identify the CHs speciﬁc to the task
and exclude those with a null eﬀect. Second, we examined IBS at CHs of
interest across diﬀerent groups to explore the eﬀect of social status on
trust. In this step, we examined the eﬀects of round, investor status, and

2.3. Data acquisition
We used an ETG-7100 optical topography system (Hitachi, Japan)
to measure the oxyhemoglobin (HbO) and deoxyhemoglobin (HbR)
concentrations of the dyads simultaneously. Each participant had two
patches (positioned with a distance of 3 cm between emitter probes
and detector probes) covering the ROIs of the rTPJ and frontal cortex
(Fig. 1B). One patch was a 3 × 5 probe patch placed over the participants’ forehead with 22 recording channels (CHs 1∼22). The lowest probe row of the patch was aligned with the horizontal reference
curve with the middle optode located on the frontal pole midline point
(Fpz). The other patch was a 4 × 4 probe patch, which was placed at
P6 forming 24 recording CHs (23∼46). This patch covered the participants’ right temporal, parietal and occipital areas (the regions around P6
and CP6; Jurcak et al., 2007). In the current study, a three-dimensional
(3D) digitizer and NIRS-SPM software were used to reveal the anatomical locations of the CHs. Speciﬁcally, we used the 3D digitizer to obtain the locations of CHs on the participants’ head (see more details in
Xiao et al., 2017), and the NIRS-SPM software for MATLAB validated
the location data (Jang et al., 2009; Singh et al., 2005; Ye et al., 2009).
The possible MNI coordinates and corresponding brain region of each
CH were then obtained. Each CH in both patches had a sampling rate
of 10 Hz.
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trustee status on the task-related IBS detected in Step 1. Applying this
two-step procedure allowed us to reduce the risk of spurious ﬁndings
and thereby increase the robustness of the results. To provide a complete picture of the underlying neural features, we also analyzed the IBS
based on the HbR signal (see Supplementary Materials).
Brain activation. We calculated the mean HbO concentration for each
round and each CH for each participant. Speciﬁcally, the preprocessed
signals were converted into z-scores using the mean and the standard
deviation of the signals of the rest (baseline) session (Liu et al., 2015;
Yang et al., 2016). Similar to the analysis of IBS, the analysis procedure
included two steps. First, we compared the cortical response z-scores
averaged across 10 rounds in each CH against those of rest (i.e., Ztask Zrest ) to determine the CHs that showed signiﬁcant responses. The FDR
method was used to correct for multiple testing. Only CHs that showed
signiﬁcant brain activation in at least one participant group were regarded as a CH of interest and included in subsequent analyses. Second,
we examined brain activation at CHs of interest across diﬀerent groups
to explore the eﬀect of social status. For these CHs, the eﬀects of round,
investor status, and trustee status on brain activity were examined by
using linear mixed eﬀect models with dyad as the random eﬀect.
2.4.3. Predictive relationship between brain activation/IBS and behavioral
performance
We tested whether and how IBS or brain activation in the low-high
group was associated with behavioral performance. A machine-learning
algorithm (i.e., linear SVR) was used to train the IBS or brain activation
data to predict the investment ratio. Speciﬁcally, IBS or brain activation
for all 46 channels was used as classiﬁcation features to examine the generalization of prediction and avoid inﬂation of the prediction. The inclusion of all channels as features has the advantages of (1) avoiding bias
in prediction accuracy and (2) allowing us to investigate whether data
from other brain regions would provide additional information for the
prediction. A leave-one-out cross-validation approach was employed.
Prediction performance was quantiﬁed using the Pearson correlation
coeﬃcient (r) between the observed and predicted relative accuracy
(Hou et al., 2020; Kosinski et al., 2013) and the coeﬃcient of determination (R2 ) (Poldrack et al., 2019). In the current study, the prediction
analysis was performed round-by-round to examine the potentially dynamic relationship between IBS and the investment ratio and further
identify the crucial rounds from which investment behavior could be
decoded by IBS/brain activation. The ten p-values were corrected using
the FDR method (Benjamini and Hochberg, 1995).

Fig. 2. Behavioral performance. (A) In the initial trust phase (i.e., Round 1), investors gave more money in the trust game when paired with low-status trustees.
(B) The investment ratio increased as the number of rounds increased when
paired with high-status trustees. (C) The investment ratios of the four groups as
the number of rounds increased. (D) The repayment ratios of the four groups as
the number of rounds increased.

one star and their partner received three stars, the degree that they saw
themselves as having a higher status than their partner decreased signiﬁcantly. These results indicate that the manipulation of social status
was valid.
3.2. Social status modulates both initial trust and temporal change of trust
during interaction
We ﬁrst examined the eﬀect of social status on initial trust. For the
investment ratio, there was a signiﬁcant main eﬀect of trustee status (F
(1, 97) = 5.24, p = 0.024, 𝜂 2 = 0.051), with investors having a greater
investment ratio when facing a low-status trustee (Fig. 2A). No main
eﬀect of investor status or interaction eﬀect between investor status and
trust status was found. For the repayment ratio, no eﬀect of social status
was found.
We then explored the eﬀect of social status on the temporal change
of trust during. For the investment ratio, when round was included in
the model, the main eﬀects of round, investor status, and trustee status
were not signiﬁcant (ps > 0.05). However, we found a signiﬁcant interaction eﬀect of round × trustee status (𝛽 = 0.026, SE = 0.006, t = 4.34,
p < 0.001), which indicated that the investment ratio increased faster
as the number of rounds increased when the investor was paired with a
high-status trustee (𝛽 = 0.026, SE = 0.003, t = 8.89, p < 0.001) compared
with when the investor was paired with a low-status trustee (𝛽 = 0.011,
SE = 0.003, t = 3.62, p < 0.001; Fig. 2B). Furthermore, there was a
signiﬁcant interaction eﬀect of round × investor status × trustee status
(𝛽 = −0.022, SE = 0.008, t = −2.62, p = 0.009). Post hoc analysis revealed that a round × trustee status interaction was found in low-status
investors (𝛽 = 0.026, SE = 0.006, t = 4.66, p < 0.001). When a lowstatus investor was paired with a high-status trustee, the investment
ratio increased rapidly as the number of rounds increased (𝛽 = 0.033,
SE = 0.003, t = 9.80, p < 0.001). However, when a low-status investor
was paired with a low-status trustee, the investment ratio did not show
an increasing trend (𝛽 = 0.007, SE = 0.004, t = 1.52, p = 0.13; Fig. 2C).

3. Results
3.1. Manipulation check for social status
The post-experiment questionnaire suggested that the number of
stars used to denote the participants’ rank in the math competition
task strongly inﬂuenced their perception of social status. Two two-way
ANOVAs (participants’ star ranking x partners’ star ranking) on the participant’s evaluation of the extent that they saw themselves as having
a higher status than their partner were conducted separately for the investors and the trustees. Noted that one dyad from the low-high group
did not complete the evaluation so that a total of 100 dyads were included in the analysis.
For trustees, the results showed a signiﬁcant interaction eﬀect between their own star-ranking and the partner’s star-ranking, F (1,
96) = 4.43, p = 0.038, partial 𝜂 2 = 0.044. Further analysis showed that
when participants received three stars and their partner received one
star, participants perceived higher status over their partner.
For investors, the results showed signiﬁcant main eﬀects of their own
star-ranking, F (1, 96) = 6.95, p = 0.01, partial 𝜂 2 = 0.067, partners’
star-ranking, F (1, 96) = 5.44, p = 0.022, partial 𝜂 2 = 0.054, and the
interaction of both star rankings, F (1, 96) = 8.59, p = 0.004, partial
𝜂 2 = 0.082. Further analysis showed that when participants received
5
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Fig. 3. fNIRS data. (A) T-value maps of taskrelated IBS (IBS during task minus IBS during rest) during trust interaction. (B) The taskrelated IBS at CH38 for the four groups as the
number of rounds increased. (C) The prediction
of the investment ratio based on task-related
IBS in the low-high group as the number of
rounds increased. (D) T-value maps of brain activation during trust dynamics. (E) Brain activation at CH22 in the four groups as the number of rounds increased. (F) The prediction of
the investment ratio based on brain activation
in the low-high group as the number of rounds
increased.

These results indicated that the investment ratio could be modulated
by social status. In particular, trustees’ status mainly aﬀected low-status
investors’ investment ratio, with the low-high group showing the most
rapid rate of growth.
For the repayment ratio, however, we did not ﬁnd any eﬀect of
round, investor status or trustee status (Fig. 2D). Therefore, in the subsequent analyses regarding behavioral performance, we mainly focused
on the investment ratio.

status, and trustee status. Results revealed a signiﬁcant eﬀect of round
(𝛽 = 0.022, SE = 0.010, t = 2.23, p = 0.026), which indicated a general
increase in brain activation over time. Additionally, there was a signiﬁcant interaction eﬀect of round × trustee status (𝛽 = −0.03, SE = 0.014,
t = −2.40, p = 0.016), with a faster increasing tendency when facing a
low-status trustee. Finally, there was a signiﬁcant interaction eﬀect of
round × investor status × trustee status (𝛽 = 0.051, SE = 0.020, t = 2.61,
p = 0.009). Further analysis revealed that the round × trustee status
interaction eﬀect was present among low-status investors: in the lowlow group, investors’ brain activation tended to increase as the number
of rounds increased (𝛽 = 0.02, SE = 0.01, t = 1.93, p = 0.055); however, in the low-high group, investors’ brain activation decreased as
the number of rounds increased (𝛽 = −0.012, SE = 0.005, t = −2.19,
p = 0.029; Fig. 3E). For the repayment phase, none of the CHs showed
signiﬁcant increases in brain activation following FDR correction, which
constrained further analyses.

3.3. Social status-dependent IBS during trust interaction
For the investment phase, we ﬁrst identiﬁed CHs that showed significantly increased IBS by performing a series of one-sample t-tests on the
task-related IBS (i.e., rtask – rrest ) for the four experimental groups. After FDR correction, CH38 showed a signiﬁcant increased IBS (Fig. 3A).
CH38 was roughly located at the rTPJ. We then performed linear mixedeﬀects models for the IBS at CH38 to explore the eﬀects of round,
investor status, and trustee status. Results revealed a signiﬁcant interaction eﬀect of investor status × trustee status on IBS (𝛽 = 0.370,
SE = 0.120, t = 3.08, p = 0.002). Moreover, there was a signiﬁcant
interaction eﬀect of round × investor status × trustee status on IBS
(𝛽 = −0.035, SE = 0.017, t = −2.03, p = 0.043). Further analysis revealed
that IBS decreased as the number of rounds increased in the high-high
group (𝛽 = −0.026, SE = 0.009, t = −2.96, p = 0.003) and increased
as the number of rounds increased in the low-high group (𝛽 = 0.021,
SE = 0.008, t = 2.80, p = 0.006; Fig. 3B). For the repayment phase,
none of the CHs showed signiﬁcant task-related IBS following FDR correction. Similar results were found for the analyses of the HbR signal
(see Supplementary Materials).

3.5. Prediction of behavior performance based on brain data
The results from the SVR analysis showed that IBS could successfully
predict investment ratio at Round 2 (r = 0.54, R2 = 27.69%, p = 0.006,
corrected p = 0.03) and Round 4 (r = 0.77, R2 = 59.12%, p < 0.001,
corrected p < 0.001) (Fig. 3C). These results indicate that we could successfully infer investment behaviors based on IBS even at an early stage
(before the trust reached a stable level, see Figure S1 in Supplementary
Material). The brain activation of the investor could also predict the investment ratio at Round 5 (r = 0.65, R2 = 16.81%, p < 0.001, corrected
p = 0.006) (Fig. 3F). The ﬁndings demonstrate that both the interpersonal brain synchronization and the brain activation could predict investment performance at an early stage, with two-brain data providing
an earlier prediction compared to single-brain data.

3.4. Social status-dependent brain activation during trust interaction

4. Discussion

For the investment phase, we ﬁrst conducted a series of one-sample ttests on task-related brain activity (i.e., Ztask - Zrest ). Only CH22 showed
a signiﬁcant eﬀect in activation after FDR correction and in the linear mixed-eﬀects model (Fig. 3D). CH22 was roughly located in the
right DLPFC (rDLPFC). We performed a linear mixed model analysis on
brain activation at CH22 to explore the eﬀect of round status, investor

In this study, we explored the eﬀect of social status on trust and the
related brain mechanisms by asking two individuals play a 10-round
repeated trust game while simultaneously recording their brain activity. Results showed that in the initial round, individuals invested more
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in low-status partners. However, during the interaction, the investment
ratio increased faster when individuals were paired with a high-status
partner. This increasing trend was particularly prominent in the low
(investor)-high (trustee) status group. Accompanied by the increased
tendency of trust, the IBS between the investor and trustee in the lowhigh group during interaction increased as the number of rounds increased, while brain activation of the investor decreased as the number
of rounds increased. Both IBS and brain activation predicted investment
performance at an early stage, and two-brain data provided earlier predictions than did single-brain data.
This work contributes to our understanding of trust in several important ways. Previous work that examined the inﬂuence of social status
on trust primarily focused on initial trust (Blue et al., 2020; Lount and
Pettit, 2012). We build upon this research by showing that social status plays diﬀerent roles at diﬀerent stages of trust development. In the
ﬁrst round of the trust game, investors sent more money to a lowstatus trustee. According to the “low-status benevolence” hypothesis,
individuals expect the lower-status partner to exhibit greater benevolence (Lount and Pettit, 2012), so that they trust more in the lower-status
trustee. This hypothesis emphasizes a relative social status relationship.
However, in our study the enhanced initial trust was observed not only
in the high-low group but also in the low-low group, which suggested
that the low-status trustee would generally obtain more trust. Low-status
investors would likely empathize with a low-status partner because they
would consider their partner as an in-group member of the same status.
Beliefs and expectations could modulate subsequent behaviors and experiences (Masten et al., 2011), which explains why low-status trustees
received a greater investment in the initial trust phase.
However, when individuals repeatedly performed the trust game, the
low-high group showed a signiﬁcant increase as the number of rounds
increased. The ﬁnding was consistent with the “high-status credibility”
hypotheses (Blue et al., 2020). It seemed that partners’ credibility likely
becomes a more important factor. Individuals were more likely to believe the promise of a high-status partner (Blue et al., 2020), so that a
greater increase in the investment ratio was found in investors paired
with a high-status trustee. Moreover, it was found that individuals with
low status cooperated more (Osman et al., 2018). When continually
interacting with a high-status trustee, compared with that of a highstatus investor, a low-status investor might perceive a greater status
gap, behave more prosocially, and thus show greater increased trust
in high-status trustee. Our behavioral data suggested that both “lowstatus benevolence” and “high-status credibility” hypotheses are reasonable. Interaction processes could modulate the eﬀect of social status
on trust—individuals trust more in a low-status trustee initially and exhibit greatly increased tendency of trust in a higher-status trustee during
the interaction. These ﬁndings advance our understanding of the social
world of high- and low-status individuals.
We employed a fNIRS-based hyperscanning technique to uncover
the brain mechanisms underlying the temporal change of trust. Results
showed that in the low-high group, the IBS at the rTPJ (CH38) significantly increased as the number of rounds increased. The rTPJ is frequently associated with diﬀerent capacities to shift attention toward
unexpected stimuli and understand others’ mental states (Krall et al.,
2015). Numerous studies have revealed the involvement of the rTPJ during social cognitive tasks, such as imitation and perspective-taking tasks
(Santiesteban et al., 2012), lie detection tasks (Sowden et al., 2015), and
economic games (Fujino et al., 2020; Speitel et al., 2019). Speciﬁcally,
the role of the rTPJ in economic games is to diﬀerentiate one’s own perspective from another’s perspective (Speitel et al., 2019), which leads to
an intergroup bias (Fujino et al., 2020). Studies that used a two-person
neuroscience approach have also reported increased IBS at the rTPJ
during economic exchanges (Tang et al., 2016), face-to-face communication (Jiang et al., 2015), and interpersonal cooperation (Xue et al.,
2018). During social interactions, the IBS may reﬂect shared attention
(Koike et al., 2016), mutual understanding (Hu et al., 2017), and successful information transfer (Stephens et al., 2010) between interacting

Fig. 4. A multi-brain model for trust in the low-high group. During trust development, as the investment ratio increases, investor-trustee brain synchronization at the right temporal junction (rTPJ) enhanced, while brain activation at
the right dorsolateral prefrontal cortex (rDLPFC) in investors decreased.

individuals. In our study, the increased trend of IBS was observed most
prominently in the low-high group, which indicated that the social status
relationship is a key factor that shapes the alignment of neural processes
between the investor and trustee. A trustee with high status is considered skillful or reliable (Kilpatrick et al., 2007), which may enhance a
relatively low-status investor’s willingness to cooperate during an interaction. Thus, the increasing trend of IBS underlying trust dynamics may
reﬂect enhanced social connections or real-time information transfer between the investor and trustee in the low-high group during dynamic
interactions.
While the IBS increased, we found a decreasing trend of brain activation in the rDLPFC (CH22) in the investor of the low-high group
as the number of rounds increased. The DLPFC participates in numerous mental functions involving cognitive control and plays a speciﬁc
role in the process of general decision-making (Fecteau et al., 2007;
Fleck et al., 2006; Knoch et al., 2006; Wout et al., 2005). Speciﬁcally,
the rDLPFC may be involved in the regulation of the amount of information necessary to reach a decision and the regulation of the speed/rate
of data collection (Cho et al., 2010). Continuous theta burst stimulation (cTBS)-induced modulation of cortical excitability of the rDLPFC
has been shown to reduce impulsive decision-making (Cho et al., 2012,
2010). Thus, the decreasing trend of rDLPFC activity observed in the
current study may reﬂect a decrease in the eﬀort of toward calculation and control during the economic exchange. In other words, during
trust development, individuals might rely less on brain areas involved
in the common process of decision-making. This ﬁnding is consistent
with several studies from other ﬁelds. For example, individuals showed
decreased brain activation of the PFC after being trained in tasks that
require working memory (Landau et al., 2004; Milham et al., 2003;
Sayala et al., 2006).
The present brain activity ﬁndings suggest a neural mechanistic
model of trust that is speciﬁc to the low-high group (Fig. 4). That is,
during the trust interaction, the neural network changes included two
aspects: decreased brain activation in brain areas (i.e., the rDLPFC) that
are commonly involved in decision-making or value evaluation processes and increased interpersonal connectivity (i.e., IBS) in brain areas (i.e., the rTPJ) related to theory of mind. The down-regulation of
DLPFC and increased interpersonal brain synchronization of TPJ with
the trustee in the investor might reﬂect a re-conﬁguration of brain processing: when interacting with a higher-status trustee, the investor’s
decision-making or value evaluation is deemed to be more eﬃcient with
more resources allocated to the theory of mind. The transformation of
neural systems may start in the early stage of trust development, as we
observed a signiﬁcant prediction of investment performance by IBS at
Rounds 2 and 4 (Fig. 3C) before trust reached a stable level (see Figure
S1 in Supplementary Material). Although brain activation also predicted
investment performance, two-brain data (i.e., IBS) provided earlier predictions than did single-brain data (i.e., brain activation of the investor).
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This work was supported by the National Natural Science Foundation of China (31800951, 31872783, and 71942001), and the Shenzhen
Basic Research Project (No. 20200810193259002).
Supplementary materials
Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.neuroimage.2021.118777.
Reference
Anderson, C., Srivastava, S., Beer, J.S., Spataro, S.E., Chatman, J.A., 2006. Knowing your
place: self-perceptions of status in face-to-face groups. J. Pers. Soc. Psychol. 91, 1094–
1110. doi:10.1037/0022-3514.91.6.1094.
Babiloni, F., Astolﬁ, L., 2014. Social neuroscience and hyperscanning techniques: past, present and future. Neurosci. Biobehav. Rev. 44, 76–93.
doi:10.1016/j.neubiorev.2012.07.006.
Baker, J.M., Liu, N., Cui, X., Vrticka, P., Saggar, M., Hosseini, S.M.H., Reiss, A.L., 2016.
Sex diﬀerences in neural and behavioral signatures of cooperation revealed by fNIRS
hyperscanning. Sci. Rep. 6, 26492. doi:10.1038/srep26492.
Bates, D., Maechler, M., Bolker, B., Walker, S., 2020. lme4: linear Mixed-Eﬀects Models
using “Eigen” and S4.
Bellucci, G., Molter, F., Park, S.Q., 2019. Neural representations of honesty predict future
trust behavior. Nat. Commun. 10, 1–12. doi:10.1038/s41467-019-13261-8.
Benjamini, Y., Hochberg, Y., 1995. Controlling the false discovery rate: a practical and powerful approach to multiple testing. J. R. Stat. Soc. Ser. B 57.
doi:10.1111/j.2517-6161.1995.tb02031.x.
Blue, P.R., Hu, J., Peng, L., Yu, H., Liu, H., Zhou, X., 2020. Whose promises are worth
more? How social status aﬀects trust in promises. Eur. J. Soc. Psychol. 50, 189–206.
doi:10.1002/ejsp.2596.
Cheng, X., Li, X., Hu, Y., 2015. Synchronous brain activity during cooperative exchange
depends on gender of partner: a fNIRS-based hyperscanning study. Hum. Brain Mapp.
36, 2039–2048. doi:10.1002/hbm.22754.
Cheng, X., Pan, Y., Hu, Yinying, Hu, Yi, 2019. Coordination elicits synchronous brain
activity between co-actors: frequency ratio matters. Front. Neurosci. 13, 1–10.
doi:10.3389/fnins.2019.01071.
Cho, S.S., Ko, J.H., Pellecchia, G., Van Eimeren, T., Cilia, R., Strafella, A.P., 2010. Continuous theta burst stimulation of right dorsolateral prefrontal cortex induces changes
in impulsivity level. Brain Stimul 3, 170–176. doi:10.1016/j.brs.2009.10.002.
Cho, S.S., Pellecchia, G., Ko, J.H., Ray, N., Obeso, I., Houle, S., Strafella, A.P., 2012. Effect of continuous theta burst stimulation of the right dorsolateral prefrontal cortex
on cerebral blood ﬂow changes during decision making. Brain Stimul 5, 116–123.
doi:10.1016/j.brs.2012.03.007.
Cochard, F., Nguyen Van, P., Willinger, M., 2004. Trusting behavior in a repeated investment game. J. Econ. Behav. Organ. 55, 31–44. doi:10.1016/j.jebo.2003.07.004.
Cui, X., Bray, S., Reiss, A.L., 2010. Functional near infrared spectroscopy
(NIRS) signal improvement based on negative correlation between oxygenated and deoxygenated hemoglobin dynamics. Neuroimage 49, 3039–3046.
doi:10.1016/j.neuroimage.2009.11.050.
Cui, X., Bryant, D.M., Reiss, A.L., 2012. NIRS-based hyperscanning reveals increased interpersonal coherence in superior frontal cortex during cooperation. Neuroimage 59,
2430–2437. doi:10.1016/j.neuroimage.2011.09.003.
Dai, R., Liu, R., Liu, T., Zhang, Z., Xiao, X., Sun, P., Yu, X., Wang, D., Zhu, C., 2018.
Holistic cognitive and neural processes: a fNIRS-hyperscanning study on interpersonal sensorimotor synchronization. Soc. Cogn. Aﬀect. Neurosci. 13, 1141–1154.
doi:10.1093/scan/nsy090.
De Vico Fallani, F., Nicosia, V., Sinatra, R., Astolﬁ, L., Cincotti, F., Mattia, D., Babiloni, F.,
2010. Defecting or not defecting: how to “read” human behavior during cooperative
games by EEG measurements. PloS One 5 (12), e14187.
Declerck, C.H., Boone, C., Pauwels, L., Vogt, B., Fehr, E., 2020. A registered
replication study on oxytocin and trust. Nat. Hum. Behav. 4, 646–655.
doi:10.1038/s41562-020-0878-x.
Delgado, M.R., Frank, R.H., Phelps, E.A., 2005. Perceptions of moral character modulate
the neural systems of reward during the trust game. Nat. Neurosci. 8, 1611–1618.
doi:10.1038/nn1575.
Di Cagno, D., Sciubba, E., 2010. Trust, trustworthiness and social networks: playing a
trust game when networks are formed in the lab. J. Econ. Behav. Organ. 75, 156–
167. doi:10.1016/j.jebo.2010.04.003.
Duan, L., Zhao, Z., Lin, Y., Wu, X., Luo, Y., Xu, P., 2018. Wavelet-based method for removing global physiological noise in functional near-infrared spectroscopy. Biomed.
Opt. Express 9, 3805. doi:10.1364/boe.9.003805.
Ellingsen, D.-.M., Isenburg, K., Jung, C., Lee, J., Gerber, J., Mawla, I., Sclocco, R.,
Jensen, K.B., Edwards, R.R., Kelley, J.M., Kirsch, I., Kaptchuk, T.J., Napadow, V.,
2020. Dynamic brain-to-brain concordance and behavioral mirroring as a mechanism of the patient-clinician interaction. Sci. Adv. 6. doi:10.1126/sciadv.abc1304,
eabc1304.
Fecteau, S., Knoch, D., Fregni, F., Sultani, N., Boggio, P., Pascual-Leone, A., 2007. Diminishing risk-taking behavior by modulating activity in the prefrontal cortex: a direct current stimulation study. J. Neurosci. 27, 12500–12505. doi:10.1523/JNEUROSCI.3283-07.2007.

Declaration of competing interest
The authors declare no conﬂict of interest.
Data and code availability
The Data needed to evaluate the conclusions in the paper are present in the paper, Supplementary Materials, and/or the OSF repository (https://osf.io/a2cqh/). Further inquiries can be directed to the corresponding authors.

Credit authorship contribution statement
Xiaojun Cheng: Conceptualization, Methodology, Writing – original
draft, Writing – review & editing. Yujiao Zhu: Data curation, Visualization. Yinying Hu: Data curation. Xiaolin Zhou: Conceptualization.
Yafeng Pan: Conceptualization, Methodology, Validation, Writing – review & editing. Yi Hu: Conceptualization, Supervision, Writing – review
& editing.

8

X. Cheng, Y. Zhu, Y. Hu et al.

NeuroImage 246 (2022) 118777

Fett, A.K.J., Shergill, S.S., Joyce, D.W., Riedl, A., Strobel, M., Gromann, P.M., Krabbendam, L., 2012. To trust or not to trust: the dynamics of social interaction in psychosis.
Brain 135, 976–984. doi:10.1093/brain/awr359.
Fleck, M.S., Daselaar, S.M., Dobbins, I.G., Cabeza, R., 2006. Role of prefrontal and anterior
cingulate regions in decision-making processes shared by memory and nonmemory
tasks. Cereb. Cortex 16, 1623–1630. doi:10.1093/cercor/bhj097.
Fujino, J., Tei, S., Itahashi, T., Aoki, Y.Y., Ohta, H., Kubota, M., Hashimoto, R.ichiro,
Takahashi, H., Kato, N., Nakamura, M., 2020. Role of the right temporoparietal
junction in intergroup bias in trust decisions. Hum. Brain Mapp. 41, 1677–1688.
doi:10.1002/hbm.24903.
Goldstein, P., Weissman-Fogel, I., Dumas, G., Shamay-Tsoory, S.G., 2018. Brain-to-brain
coupling during handholding is associated with pain reduction. Proc. Natl. Acad. Sci.
115, E2528–E2537. doi:10.1073/pnas.1703643115.
Guinote, A., Cotzia, I., Sandhu, S., Siwa, P., 2015. Social status modulates prosocial behavior and egalitarianism in preschool children and adults. Proc. Natl. Acad. Sci. U.
S. A. 112, 731–736. doi:10.1073/pnas.1414550112.
Henrich, J., Gil-White, F.J., 2001. The evolution of prestige freely conferred deference as
a mechanism for enhancing the beneﬁts of cultural transmission. Evol. Hum. Behav.
22, 165–196.
Hirsch, J., Tiede, M., Zhang, X., Noah, J.A., Salama-Manteau, A., Biriotti, M., 2021. Interpersonal Agreement and Disagreement During Face-to-Face Dialogue: an fNIRS Investigation. Front. Hum. Neurosci. 14. doi:10.3389/fnhum.2020.606397.
Hoshi, Y., 2003. Functional near-infrared optical imaging: utility and limitations in human
brain mapping. Psychophysiology 40, 511–520. doi:10.1111/1469-8986.00053.
Hou, Y., Song, B., Hu, Yinying, Pan, Y., Hu, Yi, 2020. The averaged inter-brain coherence
between the audience and a violinist predicts the popularity of violin performance.
Neuroimage 211, 116655. doi:10.1016/j.neuroimage.2020.116655.
Hu, J., Blue, P.R., Yu, H., Gong, X., Xiang, Y., Jiang, C., Zhou, X., 2015. Social status
modulates the neural response to unfairness. Soc. Cogn. Aﬀect. Neurosci. 11, 1–10.
doi:10.1093/scan/nsv086.
Hu, J., Cao, Y., Blue, P.R., Zhou, X., 2014. Low social status decreases the neural salience
of unfairness. Front. Behav. Neurosci. 8, 1–12. doi:10.3389/fnbeh.2014.00402.
Hu, Yi, Hu, Yinying, Li, X., Pan, Y., Cheng, X., 2017. Brain-to-brain synchronization across
two persons predicts mutual prosociality. Soc. Cogn. Aﬀect. Neurosci. 12, 1835–1844.
doi:10.1093/scan/nsx118.
Jang, K.E., Tak, S., Jung, J., Jang, J., Jeong, Y., Ye, J.C., 2009. Wavelet minimum description length detrending for near-infrared spectroscopy. J. Biomed. Opt. 14, 034004.
doi:10.1117/1.3127204.
Jiang, J., Chen, C., Dai, B., Shi, G., Ding, G., Liu, L., Lu, C., Fiske, S.T., 2015. Leader
emergence through interpersonal neural synchronization. Proc. Natl. Acad. Sci. U. S.
A. 112, 4274–4279. doi:10.1073/pnas.1422930112.
Johnson-George, C., Swap, W.C., 1982. Measurement of speciﬁc interpersonal trust: construction and validation of a scale to assess trust in a speciﬁc other. J. Pers. Soc.
Psychol. 43, 1306–1317. doi:10.1037/0022-3514.43.6.1306.
Jones, G.R., George, J.M., 2007. The Experience and Evolution of Trust : implications for
Cooperation and Teamwork Gareth R. Jones ; Jennifer M . George. Acad. Manag. Rev.
23, 531–546.
Jurcak, V., Tsuzuki, D., Dan, I., 2007. 10/20, 10/10, and 10/5 systems revisited: their
validity as relative head-surface-based positioning systems. Neuroimage 34, 1600–
1611. doi:10.1016/j.neuroimage.2006.09.024.
Kahnt, T., Heinzle, J., Park, S.Q., Haynes, .J..-D., 2011. Decoding diﬀerent roles for
vmPFC and dlPFC in multi-attribute decision making. Neuroimage 56, 709–715.
doi:10.1016/j.neuroimage.2010.05.058.
Kilpatrick, S.G., Manktelow, K.I., Over, D.E., 2007. Power of source as a factor in deontic
inference. Think. Reason. 13. doi:10.1080/13546780601008783.
King-casas, A.B., Tomlin, D., Anen, C., Camerer, C.F., Steven, R., Montague, P.R., King–
casas, B., Tomtin, D., Anen, C., 2005. Getting to Know You : Reputation and Trust
in a Two-Person Economic Exchange Published By. American Association for the Advancement of Science Stable, pp. 78–83 URL : http://www.jstor.org/stable/3841398
REFERENCES Linked references are available on JSTOR for this a 308.
King-Casas, B., Tomlin, D., Anen, C., Camerer, C.F., Steven, R., Montague, P.R., King–
casas, B., Tomtin, D., Anen, C., 2005. Getting to Know you : reputation and trust in a
two-person economic exchange. Science (80-.) 308, 78–83.
King-Casas, B., Sharp, C., Lomax-Bream, L., Lohrenz, T., Fonagy, P., Montague, P.R., 2008.
The rupture and repair of cooperation in borderline personality disorder. Science (80.) 8, 778–780. doi:10.1126/science.1156902.
Knoch, D., Pascual-Leone, A., Meyer, K., Treyer, V., Fehr, E., 2006. Diminishing reciprocal fairness by disrupting the right prefrontal cortex. Science (80-.) 314, 829–832.
doi:10.1126/science.1129156.
Koike, T., Tanabe, H.C., Okazaki, S., Nakagawa, E., Sasaki, A.T., Shimada, K.,
Sugawara, S.K., Takahashi, H.K., Yoshihara, K., Bosch-Bayard, J., Sadato, N.,
2016. Neural substrates of shared attention as social memory: a hyperscanning functional magnetic resonance imaging study. Neuroimage 125, 401–412.
doi:10.1016/j.neuroimage.2015.09.076.
Koike, T., Tanabe, H.C., Sadato, N., 2015. Hyperscanning neuroimaging technique to
reveal the “two-in-one” system in social interactions. Neurosci. Res. 90, 25–32.
doi:10.1016/j.neures.2014.11.006.
Koranyi, N., Rothermund, K., 2012. Automatic coping mechanisms in committed relationships: increased interpersonal trust as a response to stress. J. Exp. Soc. Psychol. 48,
180–185. doi:10.1016/j.jesp.2011.06.009.
Kosinski, M., Stillwell, D., Graepel, T., 2013. Private traits and attributes are predictable
from digital records of human behavior. Proc. Natl. Acad. Sci. U.S.A. 110, 5802–5805.
doi:10.1073/pnas.1218772110.
Krall, S.C., Rottschy, C., Oberwelland, E., Bzdok, D., Fox, P.T., Eickhoﬀ, S.B., Fink, G.R.,
Konrad, K., 2015. The role of the right temporoparietal junction in attention and

social interaction as revealed by ALE meta-analysis. Brain Struct. Funct. 220, 587–
604. doi:10.1007/s00429-014-0803-z.
Krueger, F., Meyer-Lindenberg, A., 2019. Toward a Model of Interpersonal Trust
Drawn from Neuroscience, Psychology, and Economics. Trends Neurosci 42, 92–101.
doi:10.1016/j.tins.2018.10.004.
Landau, S.M., Schumacher, E.H., Garavan, H., Druzgal, T.J., D’Esposito, M., 2004.
A functional MRI study of the inﬂuence of practice on component processes of
working memory. Neuroimage 22, 211–221. doi:10.1016/j.neuroimage.2004.01.
003.
Liu, T., Duan, L., Dai, R., Pelowski, M., Zhu, C., 2021. Team-work, Team-brain: exploring
synchrony and team interdependence in a nine-person drumming task via multiparticipant hyperscanning and inter-brain network topology with fNIRS. Neuroimage 237,
118147. doi:10.1016/j.neuroimage.2021.118147.
Liu, T., Saito, G., Lin, C., Saito, H., 2017. Inter-brain network underlying turn-based cooperation and competition: a hyperscanning study using near-infrared spectroscopy.
Sci. Rep. 7, 8684. doi:10.1038/s41598-017-09226-w.
Liu, T., Saito, H., Oi, M., 2015. Role of the right inferior frontal gyrus in turn-based cooperation and competition: a near-infrared spectroscopy study. Brain Cogn 99, 17–23.
doi:10.1016/j.bandc.2015.07.001.
Lount, R.B., Pettit, N.C., 2012. The social context of trust: the role of status. Organ. Behav.
Hum. Decis. Process. 117, 15–23. doi:10.1016/j.obhdp.2011.07.005.
Mahmoudzadeh, M., Dehaene-Lambertz, G., Fournier, M., Kongolo, G., Goudjil, S.,
Dubois, J., Grebe, R., Wallois, F., 2013. Syllabic discrimination in premature human
infants prior to complete formation of cortical layers. Proc. Natl. Acad. Sci. 110, 4846–
4851. doi:10.1073/pnas.1212220110.
Masten, C.L., Morelli, S.A., Eisenberger, N.I., 2011. An fMRI investigation of empathy for “social pain” and subsequent prosocial behavior. Neuroimage 55, 381–388.
doi:10.1016/j.neuroimage.2010.11.060.
Mcallister, D.J., 2006. Positive Expectations About Another’S Motives With Respect To
Oneself in Situations Entailing Risk. Management 1–7.
McAuliﬀe, W.H.B., Forster, D.E., Pedersen, E.J., McCullough, M.E., 2018. Experience with
anonymous interactions reduces intuitive cooperation. Nat. Hum. Behav. 2, 909–914.
doi:10.1038/s41562-018-0454-9.
Milham, M.P., Banich, M.T., Claus, E.D., Cohen, N.J., 2003. Practice-related eﬀects demonstrate complementary roles of anterior cingulate and prefrontal cortices in attentional
control. Neuroimage 18, 483–493. doi:10.1016/S1053-8119(02)00050-2.
Minati, L., Campanhã, C., Critchley, H.D., Boggio, P.S., 2012. Eﬀects of transcranial direct-current stimulation (tDCS) of the dorsolateral prefrontal cortex (DLPFC)
during a mixed-gambling risky decision-making task. Cogn. Neurosci. 3, 80–88.
doi:10.1080/17588928.2011.628382.
Montague, P.R., Berns, G.S., Cohen, J.D., McClure, S.M., Pagnoni, G., Dhamala, M.,
Wiest, M.C., Karpov, I., King, R.D., Apple, N., Fisher, R.E., 2002. Hyperscanning:
simultaneous fMRI during linked social interactions. Neuroimage 16, 1159–1164.
doi:10.1006/nimg.2002.1150.
Nguyen, T., Schleihauf, H., Kayhan, E., Matthes, D., Vrtička, P., Hoehl, S., 2021. Neural
synchrony in mother–child conversation: exploring the role of conversation patterns.
Soc. Cogn. Aﬀect. Neurosci. 16, 93–102. doi:10.1093/scan/nsaa079.
Osman, M., LV, J.Y., Proulx, M.J., 2018. Can Empathy Promote Cooperation
When Status and Money Matter? Basic Appl. Soc. Psych. 40, 201–218.
doi:10.1080/01973533.2018.1463225.
Pan, Y., Cheng, X., 2020. Two-Person Approaches to Studying Social Interaction in Psychiatry: uses and Clinical Relevance. Front. Psychiatry 11, 301. doi:10.3389/fpsyt.2020.00301.
Pan, Y., Novembre, G., Olsson, A., 2021. The Interpersonal Neuroscience of Social Learning. Perspect. Psychol. Sci. doi:10.1177/17456916211008429, 174569162110084.
Pan, Y., Novembre, G., Song, B., Li, X., Hu, Y., 2018. Interpersonal synchronization of
inferior frontal cortices tracks social interactive learning of a song. Neuroimage 183,
280–290. doi:10.1016/j.neuroimage.2018.08.005.
Poldrack, R.A., Huckins, G., Varoquaux, G., 2019. Establishment of Best Practices for
Evidence for Prediction A Review. JAMA Psychiatry 1–7. doi:10.1001/jamapsychiatry.2019.3671.
Reindl, V., Gerloﬀ, C., Scharke, W., Konrad, K., 2018. NeuroImage Brain-tobrain synchrony in parent-child dyads and the relationship with emotion regulation revealed by fNIRS-based hyperscanning. Neuroimage 178, 493–502.
doi:10.1016/j.neuroimage.2018.05.060.
Santiesteban, I., Banissy, M.J., Catmur, C., Bird, G., 2012. Enhancing social ability by stimulating right temporoparietal junction. Curr. Biol. 22, 2274–2277.
doi:10.1016/j.cub.2012.10.018.
Sapienza, P., Toldra-Simats, A., Zingales, L., 2013. Understanding trust. Econ. J. 123,
1313–1332.
Saxe, R., Kanwisher, N., 2003. People thinking about thinking peopleThe role of
the temporo-parietal junction in “theory of mind. Neuroimage 19, 1835–1842.
doi:10.1016/S1053-8119(03)00230-1.
Sayala, S., Sala, J.B., Courtney, S.M., 2006. Increased neural eﬃciency with repeated performance of a working memory task is information-type dependent. Cereb. Cortex 16,
609–617. doi:10.1093/cercor/bhj007.
Singh, A.K., Okamoto, M., Dan, H., Jurcak, V., Dan, I., 2005. Spatial registration of multichannel multi-subject fNIRS data to MNI space without MRI. Neuroimage 27, 842–
851. doi:10.1016/j.neuroimage.2005.05.019.
Sowden, S., Wright, G.R.T., Banissy, M.J., Catmur, C., Bird, G., 2015. Transcranial Current
Stimulation of the Temporoparietal Junction Improves Lie Detection. Curr. Biol. 25,
2447–2451. doi:10.1016/j.cub.2015.08.014.
Speitel, C., Traut-Mattausch, E., Jonas, E., 2019. Functions of the right DLPFC and right
TPJ in proposers and responders in the ultimatum game. Soc. Cogn. Aﬀect. Neurosci.
14, 263–270. doi:10.1093/scan/nsz005.

9

X. Cheng, Y. Zhu, Y. Hu et al.

NeuroImage 246 (2022) 118777

Stanley, D.A., Sokol-Hessner, P., Banaji, M.R., Phelps, E.A., 2011. Implicit race attitudes
predict trustworthiness judgments and economic trust decisions. Proc. Natl. Acad. Sci.
U. S. A. 108, 7710–7715. doi:10.1073/pnas.1014345108.
Stephens, G.J., Silbert, L.J., Hasson, U., 2010. Speaker-listener neural coupling underlies
successful communication. Proc. Natl. Acad. Sci. 107. doi:10.1073/pnas.1008662107.
Tang, H., Mai, X., Wang, S., Zhu, C., Krueger, F., Liu, C., 2016. Interpersonal brain synchronization in the right temporo-parietal junction during face-to-face economic exchange. Soc. Cogn. Aﬀect. Neurosci. 11, 23–32. doi:10.1093/scan/nsv092.
van den Bos, W., van Dijk, E., Westenberg, M., Rombouts, S.A.R.B., Crone, E.A., 2009.
What motivates repayment? Neural correlates of reciprocity in the Trust Game. Soc.
Cogn. Aﬀect. Neurosci. 4, 294–304. https://doi.org/10.1093/scan/nsp009
Wout, M.van ’t, Kahn, R.S., Sanfey, A.G., Aleman, A., 2005. Repetitive
transcranial magnetic stimulation over the right dorsolateral prefrontal
cortex aﬀects strategic decision-making. Neuroreport 16, 1849–1852.
doi:10.1097/01.wnr.0000183907.08149.14.
Wu, W.L., Lin, C.H., Hsu, B.F., Yeh, R.S., 2009. Interpersonal trust and knowledge sharing:
moderating eﬀects of individual altruism and a social interaction environment. Soc.
Behav. Pers. 37, 83–94. doi:10.2224/sbp.2009.37.1.83.

Xia, M., Wang, J., He, Y., 2013. BrainNet Viewer: a Network Visualization Tool for Human
Brain Connectomics. PLoS ONE 8. doi:10.1371/journal.pone.0068910.
Xiao, X., Zhu, H., Liu, W.-.J., Yu, X.-.T., Duan, L., Li, Z., Zhu, .C..-Z., 2017. Semi-automatic
10/20 Identiﬁcation Method for MRI-Free Probe Placement in Transcranial Brain
Mapping Techniques. Front. Neurosci. 11. doi:10.3389/fnins.2017.00004.
Xue, H., Lu, K., Hao, N., 2018. Cooperation makes two less-creative individuals turn into a highly-creative pair. Neuroimage 172, 527–537.
doi:10.1016/j.neuroimage.2018.02.007.
Yang, J., Kanazawa, S., Yamaguchi, M.K., Kuriki, I., 2016. Cortical response to categorical color perception in infants investigated by near-infrared spectroscopy. Proc. Natl.
Acad. Sci. U. S. A. 113, 2370–2375. doi:10.1073/pnas.1512044113.
Ye, J., Tak, S., Jang, K., Jung, J., Jang, J., 2009. NIRS-SPM: statistical parametric mapping for near-infrared spectroscopy. Neuroimage 44, 428–447.
doi:10.1016/j.neuroimage.2008.08.036.

10

