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a b s t r a c t 

Effective influence management during advice-giving requires individuals to express confidence in the advice 

properly and switch timely between the ‘competitive’ strategy and the ‘defensive’ strategy. However, how ad- 

visers switch between these two strategies, and whether and why there exist individual differences during this 

process remain elusive. We used an advice-giving game that manipulated incentive contexts (Incentivized/Non- 

Incentivized) to induce the adviser’s confidence expression strategy switching and measured the brain activities of 

adviser and advisee concurrently using functional near-infrared spectroscopy (fNIRS). Behaviorally, we observed 

individual differences in strategy switching. Some advisers applied the ‘defensive’ strategy when incentivized 

and the ‘competitive’ strategy when not incentivized, while others applied the ‘competitive’ strategy when incen- 

tivized and the ‘defensive’ strategy when not incentivized. This effect was mediated by the adviser’s perceived 

stress in each condition and was reflected by the frequencies of advice-taking in the advisees. Neurally, brain 

activation in the dorsolateral prefrontal cortex (DLPFC) supported strategy switching, as well as interpersonal 

neural synchronization (INS) in the temporoparietal junction (TPJ) that supported influence management. This 

two-in-one process, i.e., confidence expression strategy switching and the corresponding influence management, 

was linked and modulated by the strength of DLPFC-TPJ functional connectivity in the adviser. We further de- 

veloped a descriptive model that contributed to understanding the adviser’s strategy switching during influence 

management. 
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. Introduction 

Imagine you are in a clothing shop, and your friends ask you which

ress they should buy. Assuming you’re not sure how to engage in influ-

ncing your friend’s choice, it is clear that you would modulate your con-

dence in your advice. Then, would you express your advice with higher

onfidence or lower confidence when your friends accept your advice

reviously? Would you express your advice with higher confidence or

ower confidence when your friends reject your advice previously? Giv-

ng advice and expressing confidence in the advice properly is crucial

or individuals to maintain social influence ( Bayarri and Degroot, 1989 ;

ertz et al., 2017 ), which has been widely observed in social life navi-

ations, such as good selling ( Hamby et al., 2015 ), election canvassing

 Barton et al., 2014 ), and legal defense ( Helm et al., 2018 ; Toro, 1986 ).

esearch has proposed two confidence expression strategies that indi-
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iduals commonly apply to influence others and gain popularity among

eople ( Bayarri, and DeGroot, 1989 ; Hertz et al., 2017 ; Tenney et al.,

007 ): advisers who report higher confidence when ignored by the ad-

isees and report lower confidence when chosen by the advisees are

onsidered to be applying the ‘competitive’ strategies, while those who

eport lower confidence when ignored by the advisees and report higher

onfidence when chosen by the advisees are applying the ‘defensive’

trategies ( Gilbert, 2000 ; Price et al., 1994 ; Tetlock, 2017 ). Instead of

pplying one strategy constantly, individuals may flexibly switch advis-

ng strategies between two strategies to facilitate social influence, as in-

pired by evidence of the context-dependent nature of human decision-

aking in both economics ( Feldmanhall et al., 2018 ; Heffner and Feld-

anHall, 2019 ; Hill et al., 2017 ; Park et al., 2019 ) and moral domains

 Tenney et al., 2007 ; van Baar et al., 2019 ). Despite the ubiquity of

dvice-giving and the adviser’s confidence expression strategy switching
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ehaviors in daily life (e.g., in management, judicial and political fields)

 Ajzen and Fishbein, 1977 ; Sah et al., 2013 ), very little is known about

he psychological and neural mechanisms underlying how an adviser

witches between the two strategies to manage influence and whether

nd why there exist individual differences in this process. 

First, previous studies have suggested that incentive contexts may

nduce the adviser’s confidence expression strategy switching, and the

dviser’s perceived stress regarding the advice may be an important

ediating psychological component during this process ( Leder et al.,

013 ; Sidarus et al., 2019 ; Smith, and Szidarovszky, 2003 ). For exam-

le, it has been that individuals’ strategic behaviors are commonly moti-

ated by gaining rewards and avoiding punishment ( Baumert and Emm-

ich, 2001 ; Hampton et al., 2008 ; Mobbs et al., 2009 ). Compared with

ndividuals with lower incentive expectations, individuals with higher

ncentive expectations take more account of their opponents’ intentions

nd actions when applying strategies to exert influence on the oppo-

ents ( King-Casas et al., 2005 ; Lefebvre, and Stenger, 2020 ). More-

ver, perceived stress might play a crucial role in the effect of incen-

ives on strategy switching ( Bonus, 2016 ; Elman et al., 2009 ; Sah et al.,

013 ). Research has shown that stress regarding advice may impact

trategy switching in influence management, including moral strate-

ic decision-making ( Speer et al., 2020 ; Starcke, and Brand, 2012 ),

conomic strategic decision-making ( Bonus, 2016 ; Leder et al., 2013 ,

015 ) and coping strategic decision-making ( Fisher, 2015 ). When ad-

isers are incentivized, they undertake the consequences of rejection by

dvisees as well as the loss of their interests, thereby they will perceive

ore stress ( Elman et al., 2009 ; Sah et al., 2013 ). In this view, this

nhanced stress may cause advisers to report lower confidence when

ejected by the advisees while reporting higher confidence when cho-

en by the advisees (i.e., the ‘defensive’ strategy). Contrarily, when ad-

isers are not incentivized and receive a fixed income, they may per-

eive less stress ( Elman et al., 2009 ; Hopper et al., 2008 ), and dare to

eport higher confidence when rejected by the advisees while report-

ng lower confidence when chosen by the advisees (the ‘competitive’

trategy). Therefore, the current study applied incentive contexts (In-

entivized vs. Non-Incentivized) in an advice-giving interactive game to

nduce the adviser’s confidence expression strategy switching between

ontexts. Moreover, the current study tested how incentives induced an

dviser’s strategy switching and the role of perceived stress in this pro-

ess. 

Second, evidence on the individual differences in strategic decision-

aking ( Bruine de Bruin, Parker, and Fischhoff, 2007 ; Schilit, 1986 ;

cheres, and Sanfey, 2006 ) and stress perception during social interac-

ions ( Bonus, 2016 ; Leder et al., 2015 ; Speer et al., 2020 ; Starcke, and

rand, 2012 ) suggest the potential individual differences in the ad-

iser’s confidence expression strategy switching. From the perspec-

ive of strategic decision-making, several lines of research have shown

hat people employed different principles to guide the application of

trategies, which leads to individual differences in strategic decision-

aking ( Heffner, and FeldmanHall, 2019 ; Kuhlman, and Marshello,

975 ; Scheres, and Sanfey, 2006 ). From the perspective of stress percep-

ion, it has been shown that some people perceive less stress when ex-

osed to aversive stimuli and appear to behave aggressively and impul-

ively, whereas others perceive more stress and appear to behave more

autiously and fearfully ( Ebner, and Singewald, 2017 ; Clifford et al.,

022 ). Inspired by these two lines of evidence, we aimed to test whether

here existed individual differences in adviser’s confidence expression

trategy switching and how it emerged at psychological and neural lev-

ls. 

Finally, to systematically uncover the neural mechanisms underlying

he adviser’s strategy switching during influence management, we take

dvantage of technological innovations of fNIRS to simultaneously track

individual’ and ‘two-person’ brain activation. On the one hand, single-

rain activation may provide a direct measure of neural processes in ad-

isers during strategy switching ( Hampton et al., 2008 ; Schwenk, 1988 ;

out et al., 2005 ). Previous neuroscientific investigations have iden-
2 
ified brain regions involved in moral and intergroup strategies such

s the dorsolateral prefrontal cortex (DLPFC) ( Van Baar et al., 2019 ;

ang et al., 2020 ). However, it is not yet known whether single-brain

ctivation in the DLPFC was involved in the process of the adviser’s con-

dence expression strategy switching. On the other hand, dual-brain

nterpersonal neural synchronization (INS) may provide a measure of

eural processes during influence management in which advisers at-

empt to process information in a similar way to the advisee ( Chen et al.,

020 ; Jiang et al., 2015 ; Liu et al., 2019 ). A growing number of studies

ave measured the neural similarity in processing information in natu-

al interactions between two or more individuals using hyperscanning

 Hirsch et al., 2018 ; Jiang et al., 2015 ; Noah et al., 2020 ). Previous neu-

oimaging studies have suggested that the right temporoparietal junc-

ion (TPJ) is implicated in mentalizing and updating beliefs about oth-

rs, and the degree of INS in this region is closely related to interpersonal

oordination ( Frith and Frith, 2003 ; Hampton et al., 2008 ; Hertz et al.,

017 ; Van Baar, Halpern, and FeldmanHall, 2021 ). However, the role of

he dual-brain INS in the TPJ in the process of advice-giving-induced in-

uence management remains unclear. Therefore, the current study con-

idered DLPFC and TPJ as regions of interest to reveal the single- and

ual-brain neural mechanisms underlying the adviser’s strategy switch-

ng during influence management. 

To advance the understanding of the brain processes underlying

dvice-related interaction, it is necessary to measure and build the asso-

iation between the adviser’s and adviser-advisee dyad’s brain activity

oncurrently ( Frith, and Frith, 2012 ). However, the majority of advice-

elated research either focuses on single-brain activation or dual-brain

NS findings independently. The latest research has identified the neu-

al network changes in social decision-making included two aspects: de-

reased brain activation in brain areas (i.e., the DLPFC) and increased

NS in brain areas (i.e., the TPJ) ( Cheng et al., 2022 ), but it is unclear

ow single-brain activities and INS coordinate to drive social decision-

aking. Yang and colleagues (2020) propose that the increased DLPFC-

PJ connectivity allows for the functional integration of social informa-

ion into the decision-making process. As such, we seek to unlock the

eural mechanisms underlying the two-in-one process (i.e., confidence

xpression strategy switching and influence management) by examin-

ng whether and how the adviser’s single-brain activation regulates the

ual-brain INS of adviser-advisee dyads via DLPFC-TPJ functional con-

ectivity. 

In the present study, we randomly assigned pairs of participants to

lay the roles of advisers and advisees in an advice-giving game. Be-

aviorally, we sought to test how incentives induce an adviser’s strat-

gy switching, whether there existed individual differences, and the role

f perceived stress in this process. Neurally, we sought to examine the

ingle- and dual-brain mechanisms underlying the adviser’s confidence

xpression strategy switching during influence management. We calcu-

ated two neural indices: single-brain activation in the adviser’s brain

nd dual-brain INS of adviser-advisee dyads. We also tested how single-

rain activation in the adviser’s brain and dual-brain INS of adviser-

dvisee dyads coordinated to drive the adviser’s strategy switching dur-

ng influence management and whether this coordinated neural process

as regulated via the adviser’s functional connectivity in the brain. Fi-

ally, we developed a descriptive model that reveals the behavioral and

eural mechanisms of the adviser’s incentive-induced strategy switching

uring influence management by integrating behavioral, single-brain

euroimaging, and dual-brain neuroimaging results. 

. Materials and methods 

.1. Participants 

Sixty-eight Chinese students (34 pairs, 35% males, mean age ±
D = 20.88 ± 1.96 years) were recruited as same-gender, unfamiliar

airs and were then randomly assigned to play the roles of adviser

nd advisee in the present study. The sample size was estimated us-
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Fig. 1. Experimental procedure of an advice-giving interaction. (A) Three sessions in the experiment for each adviser-advisee pair: Rest, Incentivized block, and 

Non-Incentivized block (the order of Incentivized and Non-Incentivized blocks were counterbalanced across pairs). In the Incentivized condition, the advisers would 

gain 10 points as a reward (exchanged for 0.5 RMB) when the advisees accepted the advice and would lose 10 points as a punishment (exchanged for 0.5 RMB) when 

the advisees rejected the advice. In contrast, in the Non-Incentivized condition, there was no reward or punishment no matter whether the advisee accepted the 

advice or not. (B) In the revised advice-giving task, each trial contained an evidence stage, advice-giving stage, showdown stage, and outcome stage. In the evidence 

stage, the advisers accessed additional information regarding the probability of the coin’s location in this stage. Then the advisers advised on the location of the coin 

using a 10-level confidence scale ranging from ‘definitely in the black urn’ to ‘definitely in the white urn’. Next, the advisees saw the advisers’ advice and current 

confidence and considered whether to accept the advice or not. Finally, the selection of the advisee was revealed and the content of the urn indicated by the adviser’s 

advice was revealed to both the adviser and the advisee. 
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∗ Power ( Faul et al., 2007 ) with a middle effect size (dz) of 0.5

 Beck, 2013 ), results indicated that thirty-four dyads were needed to de-

ect a reliable effect with 𝛼 = 0.05, 𝛽 = 0.80 for a paired-sample t -test. All

articipants had normal or corrected-to-normal vision and reported no

istory of neurological or psychiatric diagnoses. All participants wrote

nformed consent after the experimental procedure had been fully ex-

lained. Participants were reminded of their right to withdraw at any

ime during the study. The study had full ethical approval by the Uni-

ersity Committee on Human Research Protection (HR 525–2020), East

hina Normal University. 

In the current study, each pair of participants completed a revised

dvice-giving task ( Fig. 1B ), which was adopted from a previous inter-

ctive task on advice-giving ( Hertz et al., 2017 ). The adviser received

dditional information regarding a mini game, gave their advice to the

dvisee, and expressed their confidence in the advice, and ultimately

he advisee could decide whether to accept the advice or not. We ma-

ipulated the incentive contexts (Incentivized vs. Non-Incentivized) as

 within-subject variable in the experiment. The study included two

locks of 36 trials. Each of the Incentivized and the Non-Incentivized

onditions consisted of one block, and the order of the two blocks was

ounterbalanced across pairs ( Fig. 1A ). In the Incentivized condition,

he advisers would gain 10 points as a reward (exchanged for 0.5 RMB)

hen the advisees accepted the advice and would lose 10 points as a

unishment (exchanged for 0.5 RMB) when the advisees rejected the

dvice. In contrast, in the Non-Incentivized condition, there was no re-

ard or punishment no matter whether the advisee accepted the advice

r not. As such, in order to be more accepted by advisees, the advis-

rs needed to switch their confidence expression strategies to maximize

heir influence. As for the advisees, they knew whether the advisers had

urther incentives, and they received fixed monetary compensation in

oth conditions. The adviser’s influence management was reflected by

he frequency that the advisees accepted the advice. 

Participants arrived at the fNIRS lab and have a 3-min rest ( Fig. 1A ).

fter the rest, the participants engaged in the revised advice-giving task
3 
 Fig. 1B ). The advisers needed to help the advisees to look for a coin hid-

en in a black or white urn by giving advice and their confidence in the

dvice. Each trial contained four stages. First, the evidence stage lasted

00 ms, and the advisers accessed additional information regarding the

robability of the coin location in this stage. To increase the differences

etween the confidence expressed by the adviser’s advice and the prob-

bility expressed by the evidence, we divided the evidence into four

evels of choosing a black urn (0.4/0.6, 0.6/0.4, 0.8/0.2, 0.2/0.8). In

0% of the trials, the evidence indicated an ambiguous probability of

hoosing the black urn (i.e., 0.4/0.6, 0.6/0.4), so that we could better

iscriminate what the adviser’s strategy was, which was more likely to

e affected by our manipulated contexts rather than simply guided by

vidence. In 10% of the trials, the evidence indicated an 0.8 probabil-

ty of choosing a black urn, and in the remaining 10% of the trials, the

vidence indicated an 0.2 probability of choosing a black urn. Second,

he advice-giving stage lasted 8 s: the advisers advised on the location

f the coin using a 10-level confidence scale ranging from ‘definitely

n the black urn’ to ‘definitely in the white urn’. Third, the showdown

tage lasted 8 s: the advisees saw the advisers’ advice and confidence

nd considered whether to accept the advice or not. Fourth, the out-

ome stage lasted 2 s: the selection of the advisee was revealed and the

ontent of the urn indicated by the adviser’s advice was revealed to both

he adviser and the advisee. 

In addition, we assessed each adviser’s self-reported perceived

tress using one item, adapting from previous research ( Arapovic-

ohansson et al., 2017 ). The items read, “Right now, I am stressed

ut regarding giving advice ” after the Incentivized block and the Non-

ncentivized block, respectively. Rating scales ranged from 0 (strongly

isagree) to 50 (strongly agree). 

.2. Neuroimaging data acquisition 

The brain activities of both participants in each pair were simul-

aneously recorded with fNIRS using an ETG-7100 optical topography
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Fig. 2. Probe location and measure the brain activity simultaneously. (A) Optode probe sets. The sets were placed over the prefrontal and right temporoparietal 

regions. (B) During the interaction, individual neural activity was recorded using fNIRS. 
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b  
ystem (Hitachi Medical Corporation, Japan). The absorption of near-

nfrared light (two wavelengths: 695 and 830 nm) is measured with

 sampling rate of 10 Hz. The oxyhemoglobin (HbO) and deoxyhe-

oglobin (HbR) are obtained under the modified Beer-Lambert law,

nd the patterns of related results remained the same as HbO after con-

ucting the analyses on HbR (see details in the supplementary mate-

ials). However, our interpretation of results was based on HbO sig-

als for the following reasons: (i) HbO concentration is sensitive to

hanges in regional cerebral blood flow ( Hoshi, 2003 ); (ii) the HbO sig-

al was reported to have a higher signal-to-noise ratio than the HbR

ignal ( Mahmoudzadeh et al., 2013 ); and (iii) an increasing number of

tudies have revealed single-brain activation and neural synchronization

ased on the HbO signal (e.g., Liu et al., 2019 ; Xie et al., 2022 ). 

Two optode probe sets were used to cover each participant’s pre-

rontal and right TPJ regions ( Fig. 2A ), which have been previously re-

orted to be associated with strategic advice during advice-related in-

eraction ( Crum et al., 2022 ; Hertz et al., 2017 ; Van Baar et al., 2019 ).

or each participant, one 3 × 5 optode probe set (eight emitters and

even detectors forming 22 measurement points with 3 cm optode sep-

ration, see Table S1 for detailed MNI coordinates) was placed over the

refrontal cortex (reference optode is placed at Fpz). The other 4 × 4

robe set (eight emitters and eight detectors forming 24 measurement

oints with 3 cm optode separation) was placed over the right tem-

oroparietal regions (reference optode is placed at P6, see Table S2 for

etailed MNI coordinates). The probe sets were examined and adjusted

o ensure consistency of the positions across the participants ( Fig. 2B ). 

.3. Behavioral data analyses 

Overview. Behaviorally, 1) we sought to test how the adviser

witched confidence expression strategy in the manipulation of incen-

ive contexts by comparing the strategies in the Incentivized and the

on-Incentivized conditions. 2) We sought to test whether there were

ndividual differences in strategy switching during influence manage-

ent. We plotted each adviser’s strategies under different conditions.

) We conducted the correlation between the frequency of advice ac-

eptance and selection parameters to test how strategy switching mod-

lated the effectiveness of influence management. 4) We tested whether

erceived stress mediated the effect of the incentive contexts on the ad-

isers’ strategies with individual differences. 

To assess the advising strategy in each condition, we calculated ad-

ice deviance and the 𝛽selection coefficient. First, we calculated trial-by-

rial advice deviance. Advice deviance was the difference between the

dvice confidence and the probability indicated by the evidence. We

hen estimated the 𝛽selection coefficient by conducting the linear mixed

odel regression which was adapted from Hertz et al. (2017) ( Eq. (1) ).

q. (1) took advice deviance as the dependent variable and the selection

y the advisee from the previous trial as the fixed effect (Ignored = − 1,
4 
hosen = 1). Moreover, random intercepts and slopes for participants

ere estimated, with 𝛽selection being the random slope for each partici-

ant. 

dviceDevianc e ( 𝑡 ) ∼ Selectio n ( 𝑡 −1 ) + (1 + Selectio n ( 𝑡 −1 ) |Sub ) (1)

Positive values of 𝛽selection corresponded to the ‘defensive’ strategy,

.e., advisers reported negative deviance advice when they were ignored

y their advisees and positive deviance advice when they were chosen

y their advisees. Conversely, negative values of 𝛽selection corresponded

o the ‘competitive’ strategy, i.e., advisers reported positive deviance

dvice when they were ignored by their advisees and negative deviance

dvice when they were chosen by their advisees. 

First, to address the question of how the adviser switched confidence

xpression strategy in the manipulation of incentive contexts, we con-

ucted one-sample t -tests and a paired-sample t -test for 𝛽selection across

ncentive contexts (Incentivized vs. Non-Incentivized). Second, to test

hether there were individual differences in strategy switching during

nfluence management, we plotted each adviser’s 𝛽selection under differ-

nt incentive conditions. We then overserved the individual differences

n strategy switching. Some advisers applied the ‘defensive’ strategy in

he Incentivized condition (i.e., the advisers’ 𝛽selection > 0) while ap-

lying the ‘competitive’ strategy in the Non-Incentivized condition (i.e.,

he advisers’ 𝛽selection < 0), while some advisers who applied the ‘com-

etitive’ strategy in the Incentivized condition while applying the ‘de-

ensive’ strategy in the Non-Incentivized condition. Third, to test how

he individual differences in strategy switching modulated the effective-

ess of influence management, we computed the average acceptance

ate of each adviser-advisee dyad in the whole experiment and then

onducted the correlation between the average acceptance rates and

he difference in 𝛽selection ( Δ𝛽selection ). Specifically, Δ𝛽selection = 𝛽selection 

n the Incentivized condition – 𝛽selection in the Non-Incentivized

ondition. 

Next, we sought to address the question of why there were individual

ifferences in strategy switching. We first conducted a regression anal-

sis, with incentive contexts, self-reported perceived stress, and their

nteraction effect as the independent variables, and 𝛽selection as the de-

endent variable. We then used PROCESS model 6 with 5000 bootstraps

esamples ( Preacher, and Hayes, 2008 ) to examine whether perceived

tress mediated the effect of incentive-induced strategy switching with

ndividual differences on influence management. 

In addition, we conducted a follow-up experiment in a larger sample

o assess whether our results could be replicated and extended. 

.4. fNIRS data analyses 

Overview. Neurally, we sought to examine the single- and dual-

rain mechanisms underlying the confidence expression strategy switch-
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ng during influence management. 1) We sought to examine whether the

rocess of the adviser’s confidence expression strategy switching was re-

ected in the adviser’s single-brain activation. We examined the neural

ubstrates shared by the ‘defensive’ and the ‘competitive’ strategies and

xpected that overlapping regions involved in the two strategies were

esponsible for strategy switching. We then examined whether individ-

al differences in strategy switching were reflected in the single-brain

ctivation. Finally, we tested whether perceived stress and brain activa-

ion mediated the effect of incentive contexts on the adviser’s strategies.

) We sought to examine whether the influence management induced by

dviser’s strategy switching was reflected in distinct dual-brain INS. We

rst identified task-related INS during the adviser-advisee interaction.

e then examined whether individual differences in strategy switching

ere reflected in the dual-brain INS by conducting correlation analysis

nd mediation analysis. 3) Given that the advisers’ strategy switching

uring influence management unfolds as a two-in-one process (i.e., the

dviser’s confidence expression strategy switching and the correspond-

ng influence management), we sought to examine whether the advisers’

unctional connectivity (FC) supported the link between single-brain ac-

ivations and dual-brain synchronization and underpinned this two-in-

ne process. We first examined the link between the advisers’ single-

rain activations and dual-brain INS. Then, we examined the role of the

dvisers’ FC in influencing the correlation between the advisers’ single-

rain activations and INS on the individual and group levels and tested

hether strategy switching was reflected by the advisers’ FC. Finally,

e examined whether advisers’ FC reflected advisers’ strategy switch-

ng with individual differences by conducting correlation analysis and

ediation analysis. 

Pre-processing approach. Data were preprocessed using the

omer2 package in MATLAB 2020b (Mathworks Inc., Natick, MA, USA).

irst, motion artifacts were detected and corrected using a discrete

avelet transformation filter procedure. After that, the raw intensity

ata were converted to optical density (OD) changes. Then, kurtosis-

ased wavelet filtering (Wav Kurt) was applied to remove motion arti-

acts with a kurtosis threshold of 3.3 ( Chiarelli et al., 2015 ). Based on

 prior multi-brain study of social interactions ( Cheng et al., 2022 ), the

utput was bandpass filtered using a Butterworth filter with order 5 and

ut-offs at 0.01 and 0.5 Hz to remove longitudinal signal drift and in-

trument noise. Finally, OD data were converted to HbO concentrations.

Single-brain approach. Data were analyzed using SPM-based soft-

are ( Ye et al., 2009 ). We extracted the HbO of the advisers (thirty-one

dvisers), focusing on the time series from the time the advisers saw the

vidence to the time the advisers gave their confidence expression ad-

ice. The onsets and durations of the time series for each block of each

rial were extracted to generate the stimulus design, which was then con-

olved with a typical hemodynamic response function using NIRS-SPM.

he general linear model (GLM) then fitted these predicted signals to the

ata, yielding beta estimates (regression coefficients) for each param-

ter in the single-subject design matrices. The results of second-level,

andom-effects analyses via summary statistics ( Friston et al., 2007 )

ased on these estimates and effects were rendered on a standard MNI

rain template. 

First, we hypothesized that the overlapping regions involved in the

defensive’ strategy and the ‘competitive’ strategy were responsible for

he adviser’s strategy switching. So, we conducted one-sample t-tests

or all channels to extract the brain activation of each adviser when ap-

lying the ‘defensive’ and the ‘competitive’ strategies that corresponded

o incentive (or not) conditions. And the p -values of all channels were

hresholded by controlling for the false discovery rate (FDR) (thresh-

ld at p < 0.05; Benjamini and Hochberg, 1995 ). We then validated

he specific role of each channel involved in strategy switching with

ndividual differences by conducting a Pearson correlation analysis be-

ween the Δ𝛽selection and the difference in brain activation ( Δbrain ac-

ivation) across Incentivized and Non-Incentivized conditions. Specifi-

ally, Δbrain activation = brain activation in the Incentivized condition

brain activation in the Non-Incentivized condition. 
a  

5 
Finally, we used the PROCESS model 6 to construct a sequential

ediation model with 5000 bootstrap resamples ( Preacher, and Hayes,

008 ) to test our investigation that the relationship between incentive

ontexts and strategic advice was mediated by self-reported perceived

tress, and the adviser’s brain activation. 

Dual-brain approach. After pre-processing, wavelet transform co-

erence (WTC) was used to assess the cross-correlation between two

ime series for each channel of the thirty-one adviser-advisee dyad

 Eq. (2) ). Time series included the time the advisees saw the advice

o the time the advisees decided to accept advice or not. The WTC of

ignals i (t) and j (t) is defined as: 

 𝑇 𝐶 ( 𝑡, 𝑠 ) = 

|
|
|
⟨𝑠 −1 𝑤 

𝑖𝑗 ( 𝑡, 𝑠 ) ⟩||
|

2 

|
| ⟨𝑠 

−1 𝑤 

𝑖 ( 𝑡, 𝑠 ) ⟩||
2 |
| ⟨𝑠 

−1 𝑤 

𝑗 ( 𝑡, 𝑠 ) ⟩||
2 ′

(2)

Here, t denotes the time, s indicates the wavelet scale, ⟨⋅⟩ represents a

moothing operation in time, and W is the continuous wavelet transform

 Grinsted et al., 2004 ). 

First, we hypothesized that the process of influence management in-

uced by the adviser’s strategy switching was reflected in the changed

NS. To identify the brain regions involved in influence management

accepting and rejecting advice), we calculated time-averaged INS and

sed a series of one-sample t -tests to assess INS in trials of accepting

nd rejecting advice separately (FDR corrected). Ultimately, channels

howing significant INS were regarded as regions of interest and in-

luded in subsequent analyses. Consistent with single-brain activation

nalysis, we further explored the relationships between behavioral in-

icators and neural synchronization. The INS of the rejected trials was

egarded as the baseline, and we computed the difference in INS ( ΔINS)

cross accepted trials and baseline using the equation “ΔINS = INS of

ccepted trials – INS of rejected trials ”. We conducted a Pearson correla-

ion between the average acceptance rate and ΔINS. Then, we conducted

onparametric permutation tests to examine whether the coupling only

merged in ‘real’ dyads that are interacting. We first reshuffled the data

f all participants by pseudo-randomization to produce 1000 pseudo-

yads (e.g., time series from adviser No. 1 are paired with those from

dvisee No. 2). Second, we calculated the INS of 1000 pseudo-dyads.

inally, we compared the mean value of ΔINS of the real dyads with the

ull distribution of pseudo-dyads. 

Next, we sought to examine whether INS reflected individual dif-

erences in the process of influence management induced by strat-

gy switching. We first conducted the correlation between ΔINS and

𝛽selection . We then used PROCESS model 4 with 5000 bootstraps re-

amples to examine whether the effect of INS on the acceptance rate was

ediated by advisers’ strategy switching ( Preacher, and Hayes, 2008 ). 

The link between single-brain activation and dual-brain INS.

euroimaging work has identified that fNIRS functional connectivity

FC) showed great promise for providing insights into brain functional

ntegration ( Lu et al., 2010 ; Montero-Hernandez et al., 2019 ; Yang et al.,

020 ). Based on these studies, an exploratory analysis was conducted.

e hypothesized that advisers’ FC may support the link between ad-

isers’ single-brain activations and dual-brain synchronization and un-

erpin the two-in-one process (i.e., the adviser’s confidence expression

trategy switching and influence management). To test this hypothesis,

e first calculated trial-by-trial correlations between advisers’ single-

rain activations and INS. 

We then calculated Pearson correlations between the adviser’s HbO

n the region involved in strategy switching and the HbO in the TPJ

s indicators of functional connectivity ( Lu et al., 2010 ). The right TPJ

as selected as a region of interest based on earlier work related to (so-

ial) decision-making ( Hertz et al., 2017 ). Second, we conducted paired-

ample t -tests for FC during the task stage (including the time series from

he time the advisers saw the evidence to the time the advisers gave

heir confidence expression advice) and rest. Third, we tested whether

he correlation between the advisers’ brain activation and INS of adviser-

dvisee dyads predicted the FC. Finally, we used the correlation analysis
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nd mediation analysis to test whether advisers’ FC reflected advisers’

trategy switching with individual differences. 

. Results 

.1. Perceived stress mediated the effect of the adviser’s incentive-induced 

onfidence expression strategy switching during influence management 

First, we sought to test how an adviser switched confidence expres-

ion strategies in the manipulation of incentive contexts to manage so-

ial influence, and whether and why there were individual differences in

his process. In the current study, the 𝛽selection coefficient was estimated

y conducting mixed effects regressions ( Hertz et al., 2017 ). Positive

alues of 𝛽selection indicated that the participant followed the ‘defensive’

trategy, and negative values for this parameter corresponded to the

competitive’ strategy. Our results showed that, in general, the advis-

rs applied ‘defensive’ strategies when they were incentivized (average

selection = 0.09 > 0, t = 2.13, p = 0.041) and ‘competitive’ strategies when

hey were not incentivized (average 𝛽selection = − 0.08 < 0, t = − 1.74,

 = 0.091), and demonstrated significant differences in 𝛽selection across

ncentive contexts ( t = 2.12, p = 0.042). Moreover, we observed the

ndividual differences in strategy switching across incentive contexts

 Fig. 3A ). Specifically, some advisers applied the ‘defensive’ strategies

n the Incentivized condition and ‘competitive’ strategies in the Non-

ncentivized condition, while advisers applied the ‘competitive’ strate-

ies in the Incentivized condition and ‘defensive’ strategies in the Non-

ncentivized condition. We found that higher Δ𝛽selection was associated

ith an increased acceptance rate ( r = 0.41, p = 0.022; Fig. 3B ), indicat-

ng that strategy switching was related to managing social influence. 

Next, we conducted the regression analysis and serial mediation

odels to investigate the mediating effect of perceived stress in the

ncentive-induced strategy switching to manage the influence process.

e first conducted the regression analysis, with incentive contexts, self-

eported perceived stress, and their interaction effect as the independent

ariables, and 𝛽selection as the dependent variable. The results revealed a

ignificant interaction effect between self-reported stress and incentive

ontexts ( 𝛽 = 0.45, SE = 0.01, t = 5.03, p < 0.001). 𝛽selection in the In-

entivized context was significantly correlated with self-reported stress

 𝛽 = 0.58, SE = 0.01, t = 3.85, p < 0.001), while 𝛽selection in the Non-
entive contexts and social influences. ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001, ns is non-s

6 
ncentivized context was non-significant correlated with stress ( 𝛽 = 0.02,

E = 0.02, t = 0.12, p = 0.902) ( Fig. 3C ). These results suggested that

ncentive contexts modulated the effect of self-reported perceived stress

n strategies. The mediation model then revealed a good-fitting model

CFI = 0.96, TLI = 0.98, RMSEA = 0.04), indicating that, our manip-

lations of incentive contexts caused reliable changes in self-reported

erceived stress and related strategic advice, and ultimately managed

ocial influence ( 𝛽a1 = 0.34, SE = 0.04, t = 3.41, p = 0.011; 𝛽a3 = 0.27,

E = 0.03, t = 2.83, p = 0.024; 𝛽b2 = 0.31, SE = 0.05, t = 3.00, p = 0.015;

ig. 3D ). 

Additionally, to assess the stability of these results, we conducted a

ollow-up experiment with a larger sample of eighty-eight Chinese stu-

ents as paired volunteers and replicated the above in this independent

tudy (see supplementary materials). 

Taken together, these results provided evidence that the incentive

ontexts modulated advisers’ confidence expression strategies with large

ndividual differences. While some advisers applied the ‘defensive’ strat-

gy when incentivized and the ‘competitive’ strategy when not incen-

ivized, other advisers applied the ‘competitive’ strategy when incen-

ivized and the ‘defensive’ strategy when not incentivized. We identi-

ed that perceived stress played a key functional role in the process

f incentive contexts modulated the advisers’ strategies with individual

ifferences. Moreover, we identify that strategy switching was crucial

n managing social influence and reflected by the acceptance rate. 

.2. The single-brain mechanism underlying the process of the adviser’s 

onfidence expression strategy switching 

After determining that the advisers exhibited incentive-induced con-

dence expression strategy switching, we sought to identify single-brain

ctivations that supported this process. Results indicated that the ‘de-

ensive’ strategy was associated with increased activation in the DLPFC

CH8, t = 6.22, p = 0.006, FDR corrected, and MNI: − 23, 42, 50; CH11,

 = 4.22, p = 0.046, FDR corrected, and MNI: 21, 55, 41), while the

competitive’ strategy was associated with increased activation in the or-

itofrontal cortex (OFC, CH21, t = 4.93, p = 0.028, FDR corrected, MNI:

 13, 73, 12) (Figure S2). Moreover, we found that both the ‘defensive’

trategy (CH4; t = 5.91, p = 0.011, FDR corrected) and the ‘competitive’

trategy (CH4; t = 4.48, p = 0.034, FDR corrected) were associated with
Fig. 3. The effect of incentives and self- 

reported perceived stress on individual dif- 

ferences in the process of the adviser’s 

confidence expression strategy switching 

during influence management. (A) In gen- 

eral, the incentive context shaped confi- 

dence expression strategy switching. More- 

over, there were individual differences in 

strategy switching across incentive con- 

texts. Some advisers applied the ‘defen- 

sive’ strategies under Incentivized condi- 

tions and ‘competitive’ strategies under 

Non-Incentivized conditions (blue lines), 

while some advisers applied the ‘compet- 

itive’ strategies under Incentivized condi- 

tions and the ‘defensive’ strategies under 

Non-Incentivized conditions (pink lines), 

and the advisers did not switch strate- 

gies (black lines). (B) Higher Δ𝛽selection was 

associated with an increased acceptance 

rate. (C) The results suggested that incen- 

tive contexts modulated the effect of self- 

reported perceived stress on strategies. (D) 

A serial mediation model suggests that self- 

reported perceived stress and strategic ad- 

vice mediated the relationship between in- 

ignificant. Error bars reflected 1 SEM. 
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Fig. 4. The single-brain mechanism under- 

lying the process of the adviser’s confi- 

dence expression strategy switching. (A) Sig- 

nificant activations during switching confi- 

dence expression strategies were observed in 

the DLPFC and the OFC ( p -value, FDR cor- 

rected). (B) Enhanced adviser’s Δbrain acti- 

vation was associated with higher Δ𝛽selection . 

Specifically, Δbrain activation = brain acti- 

vation in the Incentivized condition – brain 

activation in the Non-Incentivized condition. 

(C) A serial mediation model suggests that 

self-reported perceived stress and left DLPFC 

activation mediated the relationship between 

incentive contexts and strategic advice. ∗ p 

< 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.01, ns is non- 

significant. Error bars reflected 1 SEM. 
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ncreased activation in the left DLPFC (CH4, MNI: − 38, 24, 55; Fig. 4A ).

urthermore, Δbrain activation in the left DLPFC (CH4) was associated

ith Δ𝛽selection ( r = 0.47, p = 0.007, Fig. 4B ) across the Incentivized

nd Non-Incentivized conditions, demonstrating that a higher degree of

trategy switching was associated with a greater change in brain activa-

ion. Based on all the above results, we considered the left DLPFC (CH4)

s the marked neural substrate involved in the confidence expression

trategy switching between the ‘defensive’ and the ‘competitive’ strate-

ies with individual differences. 

Finally, we sought to test whether both self-reported perceived stress

nd brain activation in the DLPFC had a mediating effect in the process

f the adviser’s incentive-induced strategy switching with individual

ifferences. The mediation model revealed a good-fitting model, with

esults indicating that (CFI = 0.94, TLI = 0.95, RMSEA = 0.06), our

anipulations of incentive contexts caused variations of self-reported

erceived stress and relevant DLPFC brain activation, and ultimately re-

iable changes in giving strategic advice ( 𝛽a1 = 0.21, SE = 0.07, t = 2.95,

 = 0.015; 𝛽a3 = 0.16, SE = 0.13, t = 1.94, p = 0.035; 𝛽b1 = 0.23,

E = 0.09, t = 3.16, p = 0.011; Fig. 4C ). 

Taken together, these results provided evidence that the adviser’s

rain activation in the DLPFC supported the process of confidence ex-

ression strategy switching with individual differences and validated

he key functional role of perceived stress in this process. 

The dual-brain mechanism underlying the process of influence man-

gement induced by strategy switching 

We sought to identify dual-brain INS that supported the process of

nfluence management induced by strategy switching. By performing

ne-sample t -tests for INS of the accepted trials, we identified a sig-

ificantly increased INS in the DLPFC (CH1, t = 2.86, p = 0.025, FDR

orrected, MNI: 45, 24, 52) (Figure S2), the right TPJ (CH13, t = 2.21,

 = 0.048, FDR corrected, MNI: 55, − 67, 41) ( Fig. 5A ) and temporal lobe

CH23, t = 3.45, p = 0.019, FDR corrected, MNI: 52, − 80, − 5) (Figure

2). Concordant analyses of the rejected trials did not yield significant

NS changes, so we regarded INS in the rejected trials as the baseline

nd ΔINS (INS in the acceptance trials minus INS in the rejected trials)

s a dual-brain INS indicator. If INS indeed reflected mentalizing and in-

uence management induced by strategy switching, then we expected

o observe a correlation between ΔINS and the acceptance rate. Results

howed that the greater ΔINS in the right TPJ (CH13) was associated

ith the higher average acceptance rate ( r = 0.46, p = 0.010, Fig. 5B ). No

ignificant correlation was found in CH1 ( r = 0.28, p = 0.079) and CH23
7 
 r = 0.22, p = 0.108). A permutation test confirmed that the observed

nteractive effects on ΔINS in real adviser-advisee dyads are outside the

5% CI of a null distribution comprising 1000 pseudo adviser-advisee

yads (Figure S2). Therefore, the coupling was only found in ‘real’ dyads

hat were interacting. 

Next, we sought to examine whether individual differences in strat-

gy switching were reflected by INS. Correlation results showed that

nhanced ΔINS in the right TPJ (CH13) was correlated with higher

𝛽selection during advice-giving interaction ( r = 0.53, p = 0.002, Fig. 5C ).

hen, we developed a mediation model and the results revealed a good-

tting mediation model (CFI = 0.98, TLI = 0.97, RMSEA = 0.04; Fig. 5D ),

ndicating ΔINS caused strategy switching (i.e., 𝛽selection ), and ultimately

anaged social influence ( 𝛽a = 0.38, SE = 0.01, t = 2.90, p = 0.020;

b = 0.35, SE = 0.04, t = 2.08, p = 0.027; 𝛽c = 0.38, SE = 0.02, t = 2.87,

 = 0.020). 

Taken together, these results provided evidence that dual-brain INS

n the right TPJ supported the process of influence management which

as induced by strategy switching. 

.3. The adviser’s DLPFC-TPJ functional connectivity regulated the link 

etween the adviser’s single-brain activation and dual-brain INS of the 

dviser-advisee dyad 

Based on the previous results, we hypothesized that the adviser’s

ncentive-induced strategy switching during influence management can

e unfolded as a two-in-one process (i.e., the adviser’s confidence ex-

ression strategy switching and influence management), and the ad-

iser’s functional connectivity (FC) may regulate the link between the

dviser’s single-brain activation and dual-brain INS of adviser-advisee

yad. First, we extracted the adviser’s brain activation in the CH4 and

NS of the adviser-advisee dyad in the CH13 and then conducted the

earson correlations between these two indices, indicating a significant

orrelation between the adviser’s brain activation and INS ( r = 0.42,

 = 0.018). Given that the adviser’s FC of DLPFC-TPJ (CH4-CH13)

howed a significantly increased during the task compared to the rest

 t = 3.99, p < 0.001, FDR corrected), we focused on the adviser’s FC

f CH4-CH13 in the following analyses. Our results suggest that at the

roup difference level, stronger functional connectivity was associated

ith a stronger association between single-brain activation and INS

 r = 0.44, p = 0.013; Fig. 6A ), while at the individual level, such positive

ssociation was only observed in the individual who applied the ‘defen-
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Fig. 5. The dual-brain mechanism underlying the process of influence management induced by strategy switching. (A) Significant INS were observed in the TPJ and 

the DLPFC. (B) Enhanced ΔINS in the right TPJ (CH13) was correlated with the higher acceptance rate. (C) Enhanced ΔINS was correlated with higher Δ𝛽selection 

during advice-giving interaction in the right TPJ (CH13). (D) A mediation model suggests strategy switching mediated the relationship between the ΔINS in the right 

TPJ (CH13) and social influence. ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.01, ns is non-significant. Error bars reflected 1 SEM. 

Fig. 6. The adviser’s DLPFC-TPJ functional connectivity 

regulated the link between the adviser’s single-brain ac- 

tivation and dual-brain INS of the adviser-advisee dyad. 

(A) The average correlation between the advisers’ brain 

activation (CH4) and INS of adviser-advisee dyads (CH13) 

of an individual adviser predicts the average DLPFC-TPJ 

(CH4-CH13) FC of that adviser. (B) Within each adviser, 

variation in the correlation between the adviser’s single- 

brain activation and INS of adviser-advisee dyad predicted 

variation in the adviser’s DLPFC-TPJ FC. The correlation 

reported here was the correlation between single-brain ac- 

tivation and INS and the average FC from each trial. Each 

dotted line indicated the regression line of a single partic- 

ipant, Solid line indicated the group effect. (C) Stronger 

FC was correlated with higher Δ𝛽selection . (D) A mediation 

model suggests that the advisers’ DLPFC-TPJ FC mediated 

the relationship between the correlation between the ad- 

viser’s single-brain activations and INS of adviser-advisee 

dyads and strategy switching. Error bars reflect 1 SEM. 
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ive’ strategy in the Incentivized condition and the ‘competitive’ strategy

n the Non-Incentivized condition ( t = 12.46; Fig. 6B ). Given these re-

ults, we expected that individual differences in strategy-switching were

lso reflected by the FC. Pearson correlation results showed stronger FC

as correlated with higher Δ𝛽selection ( r = 0.39, p = 0.032; Fig. 6C ). Medi-

tion analysis (CFI = 0.96, TLI = 0.96, RMSEA = 0.04; Fig. 6D ) suggested

hat, stronger FC resulted in an increased association between single-

rain activations and dual-brain INS, and related to higher Δ𝛽selection 

 𝛽a = 0.45, SE = 0.03, t = 1.76, p = 0.037; 𝛽b = 0.46, SE = 0.03, t = 2.55,

 = 0.021; 𝛽c = 0.47, SE = 0.03, t = 2.84, p = 0.016). 

Taken together, our work offered advanced neural evidence reveal-

ng a link between the adviser’s confidence expression strategy switch-

ng related adviser’s single-brain activation in the DLPFC and the influ-

nce management related dual-brain INS of adviser-advisee dyad in the

PJ. During this two-in-one process, the adviser’s DLPFC-TPJ FC regu-

ated the link between the adviser’s single-brain activation in the DLPFC

nd dual-brain INS of adviser-advisee dyad in the TPJ and higher DLPFC-

PJ FC supported the increased link between single-brain activations

nd dual-brain INS. 
8 
.4. The descriptive model of the adviser’s confidence expression strategy 

witching during influence management 

There were two confidence expression strategies in advice-giving:

he ‘competitive’ strategy and the ‘defensive’ strategy in the current

tudy. When applying the ‘competitive’ strategy, the advisers report

igher confidence when they are ignored by the advisees and report

ower confidence when they are chosen by the advisees. When applying

he ‘defensive’ strategy, the advisers report lower confidence when they

re ignored by the advisee and report higher confidence when they are

hosen by the advisees. Building on the above results, we developed a

escriptive model of the adviser’s confidence expression strategy switch-

ng during influence management ( Fig. 7 ), proposing the psychological

nd neural mechanisms of the adviser’s strategy switching between the

competitive’ strategy and the ‘defensive’ strategy to manage social influ-

nce. Specifically, incentive contexts can induce adviser’s confidence ex-

ression strategy switching, with large individual differences ( Fig. 7A ).

ompared to the context without incentive, some advisers may perceive

ore stress when being incentivized, and such stress shapes their strat-
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Fig. 7. The descriptive model of the adviser’s confidence expression strategy switching during influence management. When applying the ‘competitive’ strategy, 

the advisers report higher confidence when they are ignored by the advisees and report lower confidence when they are chosen by the advisees. When applying 

the ‘defensive’ strategy, the advisers report lower confidence when they are ignored by the advisee and report higher confidence when they are chosen by the 

advisees. (A) Incentive contexts can induce the adviser’s confidence expression strategy switching, with large individual differences. Compared to the context without 

incentive, some advisers may perceive more stress when being incentivized, and such stress shapes their strategy switching from the ‘competitive’ strategies to the 

‘defensive’ strategies (indicated by the blue adviser). While other advisers may perceive relatively less stress when being incentivized and switch strategies from the 

‘defensive’ strategies to the ‘competitive’ strategies (indicated by the pink adviser). Compared with the latter, the former approach of strategy switching achieves 

more advice-taking in the advisees (i.e., more effective influence management). Therefore, perceived stress is an essential psychological component mediating the 

individual incentive-induced confidence expression strategy switching and the corresponding influence management. (B) Activation in the left DLPFC in the adviser 

supports the process of confidence expression strategy switching. The adviser who switches strategies from the ‘defensive’ strategies when being incentivized to 

the ‘competitive’ strategies when being not incentivized is associated with higher DLPFC single-brain activation. (C) INS in the right TPJ between the adviser and 

advisee supports the process of influence management induced by strategy switching. The adviser who switches strategies from the ‘defensive’ strategies when being 

incentivized to the ‘competitive’ strategies when being not incentivized is associated with stronger TPJ dual-brain INS. (D) The functional connectivity between 

DLPFC and TPJ in the adviser’s brain functions to link these two processes (i.e., the advisers’ confidence expression strategy switching and influence management) 

by modulating the association between the adviser single-brain activation in DLPFC and dual-brain INS of the adviser-advisee dyad in TPJ. The higher FC further 

increases the association between single-brain activation in the DLPFC and dual-brain INS in the TPJ, ultimately enhancing strategy switching induced influence 

management. 
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gy switching from the ‘competitive’ strategies to the ‘defensive’ strate-

ies. While the other advisers may perceive relatively less stress when

eing incentivized, and switch strategies from the ‘defensive’ strategies

o the ‘competitive’ strategies ( Fig. 7A ). Compared with the latter, the

ormer approach of strategy switching achieves more advice-taking in

he advisees (i.e., more effective influence management). Therefore, per-

eived stress is an essential psychological component mediating the indi-

idual incentive-induced confidence expression strategy switching and

he corresponding influence management ( Fig. 7A ). Neurally, activa-

ion in the left DLPFC in the adviser supports the process of confidence

xpression strategy switching ( Fig. 7B ) and the INS in the right TPJ be-

ween the adviser and advisee supports the process of influence manage-

ent induced by strategy switching ( Fig. 7C ). The functional connectiv-

ty between DLPFC- and TPJ in the adviser’s brain functions to link these

wo processes (i.e., the advisers’ confidence expression strategy switch-

ng and influence management) by modulating the association between

he adviser single-brain activation in DLPFC and dual-brain INS of the

dviser-advisee dyad in TPJ ( Fig. 7D ). 

. Discussion 

We set out to study how an adviser switched strategies to manage in-

uence, and whether and why there existed individual differences dur-

ng this process by conducting the present experiment. We identified

hat there were individual differences in the impact of incentive con-

exts on the advisers’ confidence expression strategy switching and self-
9 
eported perceived stress mediated this process. We highlighted that the

ink between the adviser’s single-brain activation in the DLPFC and dual-

rain INS of the adviser-advisee dyad in the TPJ underpinned a two-in-

ne process (i.e., the adviser’s confidence expression strategy switch-

ng and influence management), and such process was regulated by the

dviser’s DLPFC-TPJ FC. Given these results, we finally developed the

escriptive model of the adviser’s strategy switching during influence

anagement. 

Our findings converge with previous work which highlights that the

dvisers apply strategies to maximize their social influence ( Hertz et al.,

017 ; Hertz et al., 2020 ; Hampton et al., 2008 ; Zaki et al., 2011 ). The

ajority of previous research on social influence has focused on exert-

ng more influence on the targets —the “advisees ” ( Barton et al., 2014 ;

amby et al., 2015 ; Izuma, 2013 ). However, far less is known about the

ognitive and neurobiological processes at play in the persuaders —the

advisers ”. Here, we provide evidence for the advisers appear to ap-

ly the confidence expression strategies to improve their social influ-

nce. Moreover, scenarios in most previous studies are not interactive as

he advisees’ responses are set by the experimenter ( Dean et al., 2015 ).

ne major strength of our study is that participants freely use strate-

ic signals (such as confidence) to influence the advisees and flexibility

o decide which strategy to apply. Our findings strengthen the ecolog-

cal validity of the paradigm by generalizing previous findings to in-

eractive human behavior. Previous studies suggested that metacogni-

ion, a process of individuals evaluating their own cognitive processes,

s embodied in advising behaviors ( Flavell, 1979 ; Bahrami et al., 2010 ;
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hea et al., 2014 ; Schnaubert et al., 2021 ). However, the process of the

dviser’s strategies applying, may not be a simple metacognitive judg-

ent ( Hertz et al., 2020 ). In this process, advisers first reassess their

onfidence in giving advice, which may involve metacognition, but im-

ortantly, advisers then flexibly express confidence in the advice to max-

mize social influence on others, which may involve more cognitive pro-

esses. Our findings suggested that advisers switched their confidence

xpression strategies depending on the contexts, which reflected both

trategy choice and strategy switching. It is undeniable that metacog-

ition is involved in strategy applying and strategy switching, but our

escriptive model provides evidence that the cognitive processes of in-

entive induction and perceived stress may also be involved in advising

ehavior. 

Behaviorally, our findings provide robust evidence that there are in-

ividual differences in the effect of incentive contexts on an adviser’s

trategy switching, and that self-reported perceived stress mediates this

rocess. Previous research has shown that individuals do not consis-

ently apply one rule to their decisions, but rather appear to make a

trategic trade-off depending on specific contexts ( FeldmanHall, Otto,

nd Phelps, 2018 ; Hill et al., 2017 ; Tenney et al., 2007 ; Van Baar et al.,

019 ). For example, FeldmanHall et.al (2018) argue that people are

ike chameleons in that they significantly enhance punishment strate-

ies in the context of highly punitive measures. Furthermore, previous

ork has demonstrated that the incentive contexts would inevitably

ring stress (i.e., reward and punishment, social norms, group setting)

o the individuals in the context ( Bhui et al., 2016 ; Dean et al., 2015 ;

ook et al., 2016 ) and ultimately induce the strategy switching in strate-

ic interactions ( Baumert and Emmrich, 2001 ; King-Casas et al., 2005 ;

efebvre, and Stenger, 2020 ; Mobbs et al., 2009 ). Consistent with these

ndings, we observed individual differences in strategy switching. 

Our mechanistic study opens a new avenue that the adviser’s DLPFC-

PJ connectivity regulates the link between the adviser’s single-brain

ctivation and dual-brain synchronization of the adviser-advisee dyad.

irst, extending previous neuroimaging approaches, we jointly use

ingle-brain and dual-brain approaches to reveal the neurocognitive

echanism of the adviser’s strategy switching. The single-brain mecha-

ism underlies that brain activation in the DLPFC supports the adviser’s

trategy switching. The DLPFC is involved in strategic deliberation and

ontrolled decision-making ( Fecteau et al., 2007 ; Gläscher et al., 2012 ;

ang et al., 2020 ; Zhang, and Gläscher, 2020 ). The dual-brain mecha-

ism underlies that INS of the adviser-advisee dyad in the TPJ supports

he process of influence management induced by strategy switching.

he TPJ is involved in mentalizing and updating beliefs about others

 Chen et al., 2020 ; Cheng et al., 2022 ; Liu et al., 2019 ; Nastase et al.,

019 ). To systematically uncover the dyad interaction, it is important to

eveal the relationship between single-brain activation and dual-brain

NS these two measurements. Second, extending previous studies which

ocus on single-brain activation and dual-brain INS findings indepen-

ently, we offer advanced evidence that uncovers the link between

ingle-brain activations and dual-brain INS underpinning the two-in-one

rocess (i.e., the adviser’s confidence expression strategy switching and

nfluence management). However, our work was unable to provide di-

ect evidence for the reason why the adviser’s FC regulates dual-brain

ynchronization of the adviser-advisee dyad. We conjecture that DLPFC-

PJ connectivity may reflect ‘social alignment’ between the execution

ystem (i.e., strategy switching) and observation system (i.e., influence

anagement) in the human brain ( Adhikari et al., 2013 ; Schenk and

olloca, 2020 ; Yang et al., 2020 ), thus regulating dual-brain INS. Fu-

ure work could further explore how FC modulates dual-brain INS dur-

ng strategy switching. 

The second way in which our study opens a new avenue in the de-

elopment of a descriptive model of the adviser’s confidence expression

trategy switching during influence management. A normative model

f advice-giving demonstrates that the advisers will apply strategies to

pdate their reporting confidence in their advice, rather than report-

ng their honest predictive confidence ( Ban et al., 2017 ; Bayarri and
10 
egroot, 1989 ). Moreover, Hertz and his colleagues (2017) develop a

eural computational model for strategic advice-giving. In a competi-

ive advice-giving task, they proposed that strategic advice-giving may

ely on the management of influence and the comparison with their ad-

ice relative to the rival advisers. By developing a descriptive model,

ur work emphasizes how the advisers switch confidence expression

trategies during influence management, which in turn motivates how

illing the advisees are to accept or reject the advice. Our model pro-

ides a demonstration of a two-in-one process of the adviser’s strategy

witching (i.e., the adviser’s confidence expression strategy switching

nd influence management) which is supported by the link between

he adviser’s single-brain activation and dual-brain INS between ad-

iser and advisee. Extending previous theoretical models, our descrip-

ive model highlights the interaction between the adviser and the ad-

isee and reveals the psychological and neural mechanisms underlying

he adviser’s confidence expression strategy switching during influence

anagement. 

Some limitations of the current work suggest future research oppor-

unities. First, we innovatively unveiled the mechanism of the adviser’s

trategy switching across contexts. However, it is possible that individ-

al differences in personality traits may also influence adviser’s strate-

ies. For example, the advisers’ context sensitivity has been shown to

nfluence assessing their strategic decisions ( Bonus, 2016 ; Wong, and

ersace, 2011 ). Moreover, Hertz et al. (2017) and Zaatr et al., (2022)

ound that self-reported FNE score (Fear of Negative Evaluation) cor-

elated with the advisers’ advising strategies. For example, the advis-

rs were more likely to follow the ‘defensive’ strategy when their self-

eported FNE scores were higher. Since the influences of personality

raits are beyond the scope of the current study, future work may de-

ign tasks and measure these related variables to comprehensively ex-

lore the reasons for the emergence of individual differences in strat-

gy switching. Second, in the current study, the amount of reward and

unishment was set at the same level (i.e., 10 points) under the Incen-

ivized condition. A classic finding is that people are in general more

verse to losses than gains (e.g., Gächter et al., 2022 ; Morewedge, and

iblin, 2015 ; Novemsky, and Kahneman, 2005 ). For example, a high

evel of gain might be needed to compensate for a low level of loss

hen making risky decisions ( Botvinik-Nezer et al., 2020 ). Moreover,

eople would feel more negative emotions with expanding amounts of

osses ( Botvinik-Nezer et al., 2020 ; Novemsky, and Kahneman, 2005 ).

t is possible that the strategy switching and the corresponding indi-

idual difference depend not only on whether the advisers are incen-

ivized, but also on the level of the incentives and the differences in the

ontext of gain and loss. Future studies may design parametrically in-

entivized tasks to tackle these questions. Third, although our findings

rovide neurocognitive mechanisms for the adviser’s confidence expres-

ion in advice-giving, it remains unclear from the perspective of the

dvisees. Our work indicates that the advisee prefers to accept the ad-

iser’s advice with the ‘defensive’ strategy in the Incentivized condition

nd the ‘competitive’ strategy in the Non-Incentivized condition. An in-

eresting research question arising from our dual-brain findings is what

re the neurocognitive mechanisms underlying the advice-taking in ad-

isees during the interaction. It is possible that the advisee evaluates the

dviser’s state of mind from the current context and decides whether to

ccept the advice or not, which may be associated with the TPJ and the

LPFC. Future work can clarify how and why advisees decide to accept

dvice or not. Furthermore, considering only the activation changes in

bO signaling may not be sufficient to rule out false positives and/or

alse negatives ( Hakim et al., 2022 ; Tachtsidis, and Scholkmann, 2016 ).

t has been noted that HbR seems to be more robust to systemic inter-

erence than HbO, but may be less sensitive to changes in regional cere-

ral blood flow ( Hoshi, 2003 ) and have a lower signal-to-noise ratio

 Mahmoudzadeh et al., 2013 ). Future work could therefore make inter-

retations of functional activation using both HbO and HbR, as well as

ecord some physiological variables to account for systemic confound-

ng/noise in the fNIRS signal, such as changes in heart rate (HR), blood
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ressure, respiratory rate, blood carbon dioxide concentration, and au-

onomic nervous system (ANS) activity. 

In sum, the current study uncovered the single- and dual-brain mech-

nisms and developed a descriptive model regarding the adviser’s confi-

ence expression strategy switching during influence management. This

ork provides not only a general framework that integrates previous in-

ependent findings, but also a theoretical base for future investigations

n strategic advice in various social contexts. 
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