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Abstract 

The extent to which a belief is rooted in one’s sense of morality has significant societal implications. 

While moral convictions can inspire positive collective action, they can also prompt dogmatism, 

intolerance, and societal divisions. These negative effects may be exacerbated by poor metacognition. 

There has been extensive research in social psychology about the characteristics of moral convictions, 

but their neural mechanisms and how they are incorporated into the valuation and decision-making 

process remain unclear. This study was designed to examine the neural mechanisms of decision-making 

on sociopolitical issues that vary on moral conviction, as well as how metacognitive abilities relate to 

these mechanisms.  Participants (N = 44) underwent fMRI scanning while deciding on each trial which of 

two groups of political protesters they supported more. As predicted, stronger moral conviction was 

related to faster response times. Hemodynamic response in the anterior insula (aINS), anterior cingulate 

cortex (ACC), and lateral prefrontal cortex (lPFC) were elevated during decisions with higher moral 

conviction level, supporting both the emotional and cognitive dimensions of moral conviction. Functional 

connectivity between lPFC and vmPFC was also higher on trials higher in moral conviction, elucidating 

mechanisms through which moral conviction is incorporated into valuation. Support for protesters was 

positively associated with brain activity in regions involved in valuation (particularly vmPFC and 

amygdala). Metacognitive sensitivity, measured in a separate perceptual task, negatively correlated with 

parametric effects of moral conviction in the brain, providing new evidence that metacognition 

modulates responses to morally convicted issues. 
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Introduction  

Morally convicted attitudes pertain to beliefs regarding what is fundamentally right and wrong. These 

attitudes reflect core moral values, which are perceived as culturally universal absolutes, stable over 

time, and particularly resistant to authority (Skitka et al., 2021; Luttrell & Togans, 2021). Moral 

convictions can inspire benevolent forms of collective action, such as the American civil rights 

movement, but they can also incite dogmatism, division, and authoritarianism (Decety, 2024; Garrett & 

Bankert, 2020). Other harmful consequences include aggressive attitudes, justification of prejudice, 

vigilantism, and political violence against people or groups who share different values or practices 

(Wright & Pözler, 2022; Yoder & Decety, 2022), all of which can have a corrosive effect on democracy 

(Finkel et al., 2020).  

 

Moral conviction incorporates cognitive and affective dimensions (Wright et al., 2008). The cognitive 

dimension refers to the distinction between moral vs. non-moral beliefs and accounts for the fact that 

moral beliefs are seen as objective truth, while the affective dimension reflects the emotional intensity 

associated with these beliefs. Research suggests that when people moralize their attitudes, they are less 

likely to take in new information or consider arguments based on cost/benefit analysis (Ryan 2019). 

This heightened moral conviction not only affects individuals’ cognition, but also scales up and leads to 

actions that influence others. For example, moral conviction has been linked to greater chances of 

sharing politically congruent partisan news, regardless of its veracity (Marie et al., 2023). A study 

analyzing more than 500,000 tweets demonstrated that messages increase their reach by 20% with 

each additional moral-emotional word (Brady, et al., 2017). People are also more willing to engage in 

normative and nonnormative collective action when confronted with attitudes that strongly, rather than 

weakly, violate their moral beliefs (Pauls et al., 2022). Meanwhile, encountering others holding opposing 

beliefs elicits negative emotions, particularly if these beliefs are perceived as moral obligations (Zaal et 

al., 2017; Ryan 2014). Reading about more morally convicted political information predicts stronger 

physiological arousal measured by skin conductance, further supporting the contention that moral 

conviction evokes strong emotions (Garrett, 2019). Overall, these findings support the idea that morally 

convicted views are cognitively categorized as absolute and universal, and emotionally as high salience, 

motivating people to exert considerable effort to persuade others and achieve their moral objectives.  

 

Prior research on the cognitive neuroscience of morality suggests a pivotal role for lateral prefrontal 

cortex (lPFC) in the flexible implementation of social norms and the pursuit of moral goals (Yoder & 

Decety, 2018; Carlson & Crockett, 2018). Proper functioning of the dorsolateral prefrontal cortex 

(dlPFC) is necessary for individuals to act cooperatively, synthesize the intentions of wrongdoers and the 



perceived harm to the victim, and determine punishments for moral and norm violations (Decety & 

Cowell, 2018; Krueger & Hoffman, 2016; Soutschek et al., 2015). Punitive decisions can be seen as a 

means of realizing moral goals, and conceptually overlaps with the cognitive aspect of moral conviction. 

Other studies have documented the importance of anterior insula (aINS), anterior cingulate cortex 

(ACC), and amygdala in assessing the outcomes of interpersonal actions, especially harm, in a moral 

context (Hesse et al., 2016; FeldmanHall & Mobbs, 2015). Specifically, the amygdala is essential in 

directing attention to motivationally relevant and emotionally arousing stimuli regardless of valence 

(Cunningham & Brosch, 2012; Lin et al., 2020; Wang et al., 2017). The salience network, a suite of 

interconnected cortical and subcortical regions including the ACC, aINS, amygdala, ventral striatum, 

periaqueductal gray and ventral tegmental area, has a crucial role in detecting behaviorally relevant 

information and coordinating neural resources (Uddin, 2015). The aINS, a key region in the salience 

network, serves a related function in tracking overall emotional appraisals of moral situations 

(Hutcherson et al., 2015; Shenhav & Greene, 2014). Another major node in the salience network, ACC, 

appears to monitor the strength of emotional reactions to specific events (Seamans & Floresco, 2022). 

Together, it is reasonable to predict that the lPFC, amygdala, aINS and ACC might be among the brain 

regions in which activity during decision-making tracks levels of moral conviction. 

 

Functional neuroimaging studies have also consistently identified a set of interconnected regions 

underlying moral decision-making. This circuit includes the ventromedial prefrontal cortex (vmPFC), the 

ventral striatum (VS), the lPFC, and aINS (Qu et al., 2022; Yoder & Decety, 2018). Consistent with the 

common-currency hypothesis, some studies have demonstrated that the valuation system, including the 

vmPFC and VS, tracks the subjective value of voluntary donations and the appropriateness ratings of 

sociopolitical violence (Clithero et al., 2011; Hare et al., 2010; Workman et al., 2020). Other studies have 

shown that distinct brain regions, including the temporoparietal junction (TPJ), lPFC and insula, track 

moral values (Crockett et al., 2017; Qu et al., 2020; Ugazio et al., 2019). However, most past research 

has used heterogeneous tasks whose moral relevance has not been systematically measured. Hence, it is 

difficult to determine whether activity in the reported regions is specifically due to the moral significance 

of the issues being tested, or because of related features such as empathy and mentalizing. In the 

present study, while fMRI data were being recorded, participants made decisions on which of two 

protester groups they supported more. Prior to the scan, the support and moral conviction levels of each 

issue had been measured. Thus, it was possible to link these measures quantitatively to neural 

mechanisms during the decision-making process.  

 



Cognitive inflexibility plays a role in moral conviction and is generally seen as an outcome of the 

moralization process (Huebner et al., 2010). Relatedly, evidence from multiple studies indicates that 

strong and dogmatic opinions may also be the consequence of a cognitive style that includes low 

metacognitive sensitivity (Rollwage & Fleming, 2021; Yoder & Decety, 2022; Zmigrod et al., 2020). For 

instance, in the case of the EU refugee crisis, political extremists show greater certainty of judgment 

about their knowledge of the crisis, independent of their actual knowledge, compared to politically 

moderate individuals (van Prooijen et al., 2018). At the neural level, the spatiotemporal organization of 

the salience network has been shown to be predictive of cognitive flexibility (Chen et al., 2016) and the 

lPFC has been found to play an important role in metacognition (e.g., Fleming & Dolan 2012; Lapate et 

al., 2020). One previous study from our lab showed that individuals who score lower on metacognitive 

sensitivity are less willing to change their minds in response to feedback from others. The same study 

also used electrophysiological measures and found that metacognitive sensitivity moderates the effects 

of moral conviction on mid-frontal negativity (MFN), a signal thought to originate in the ACC, when 

participants evaluate how much they support violent political protesters (Yoder & Decety, 2022). Thus, 

it was predicted that individual differences in metacognitive ability may modulate the effects of moral 

conviction on neural activity during social decision-making. 

 

The current study was designed to determine: 1) the extent to which moral conviction influences 

decision time and decision consistency; 2) where and how brain responses are modulated by one’s 

support for and moral conviction about sociopolitical protests during decisions choosing which one of 

two protests to support; and 3) how individual differences in metacognitive sensitivity influence these 

neural responses. Based on previous research on moral cognition and value-based decision-making, 

blood oxygen level-dependent (BOLD) responses in the vmPFC and VS were expected to encode the 

mean support rating of the two issues presented in each decision, signaling the overall subjective value 

of the decision. Moreover, the neural activity in the lPFC, amygdala, ACC and aINS was anticipated to be 

associated with the moral conviction level of a decision. Metacognitive sensitivity, as an individual-level 

trait, was expected to moderate the impact of moral conviction on hemodynamic responses in these 

regions. 

 

Methods 

Participants:  
Eighty adult US citizens (45 female, 34 male, 1 nonbinary; Age range 18 – 48 years; Mage = 23.84, SDage = 

5.98) from the Chicago metropolitan area were compensated $10 to complete an online survey to collect 

demographic information and assess their views on current sociopolitical issues. Only those who had 15 



or more unique combinations of support and moral conviction scores on the sociopolitical issues were 

invited to participate in the fMRI study. Forty-nine healthy adult participants completed the fMRI study 

and were paid an additional $40 compensation. All participants provided informed written consent, and 

all procedures were approved by the Institutional Review Board at the University of Chicago. No part of 

the study procedures or analyses were pre-registered prior to the research being conducted. 

 

Three participants were excluded from both behavioral and fMRI analyses involving the in-scanner task 

due to a below-chance (less than 50%) level of consistency. A choice was considered consistent when a 

participant chose the protesters who supported the issue to which they had given a higher support score 

in the initial survey, and was inconsistent if the opposite was true. Framewise displacement (FD) 

calculated using MRIQC (Esteban et al., 2017) was used to identify runs and participants with excessive 

motion. Functional MRI runs for which greater than 5% of volumes had FD above 0.9 mm were excluded 

from the MRI analyses, as were runs in which the mean FD was at least two standard deviations worse 

than the mean from all runs. If three or more runs from the same participant met these criteria, all runs 

from the participant were excluded. Accordingly, one participant and 5 individual runs from 4 

participants were excluded from the MRI analyses due to excessive movement. While we did allow 

participants who were taking a single SSRI antidepressant to participate in the study, one participant 

was erroneously recruited despite reporting that they were taking Adderall; this participant was removed 

from behavioral and fMRI analyses involving the in-scanner task. Metacognitive sensitivity data from 6 

participants were lost due to technical issues. Thus, the final behavioral sample for the decision-making 

task had 45 participants, with fMRI data included for 44 of them (27 female, 16 male, 1 nonbinary; Age 

range 18 – 48 years; Mage = 22.27, SDage = 5.06, 38 of whom provided data on the metacognitive 

sensitivity measure). 

 

Procedures:  
 The initial survey was completed online at least 1 week prior to the fMRI study. Participants answered 4 

questions about a series of sociopolitical issues (Fig. 1). For each issue, participants indicated their 

degrees of familiarity (from not at all familiar to very familiar) on a 5-point scale and support (from 

strongly oppose to strongly support) on a 7-point scale. Moral conviction for each issue was indexed by 

the average score of two questions using a 5-point scale: “To what extent is your position on ___ a 

reflection of your core moral beliefs and convictions?” and “To what extent is your position on ___ 

connected to your beliefs about fundamental right and wrong?” (Skitka & Morgan, 2014). Demographics 

including age, gender, household income, level of education and religiosity were obtained. Participants 

provided their political engagement, party registration, party alignment, and political orientation 



regarding social and economic issues. Religiosity and justice sensitivity were measured by the Duke 

University Religion Index (DUREL) (Koenig & Büssing, 2010) and the Justice Sensitivity Short Scales 

(Baumert et al., 2014) respectively.  
 

Prior to functional MRI scanning, participants' 

metacognitive sensitivity was assessed with a 

perceptual confidence task designed by 

Fleming & Lau (2014). The task was 

programmed using PsychToolbox and run 

within MATLAB. In each trial, participants 

saw two circles which contained different 

numbers of dots and determined which circle 

had more dots. After each decision, 

participants rated their confidence level 

regarding their choice using a five-point scale. 

Participants first completed 10 practice trials  

and then two blocks of 25 trials with a self-

paced break in the middle. Difficulty of the 

task was customized for each participant 

during an initial calibration phase in which 

instead of indicating confidence, each 

participant received feedback (correct or 

incorrect) on their judgments. The calibration 

phase adjusted difficulty by changing the 

ratio of numbers of dots between the circles 

until the participant reached approximately 71% accuracy using a two-down-one-up staircase method 

(increasing difficulty after two correct judgments and decreasing difficulty after one incorrect judgment). 

Metacognitive sensitivity was computed with a hierarchical Bayesian framework (Fleming, 2017; 

Maniscalco & Lau, 2012). Each participant’s meta-d’ was estimated based on their responses, modeled 

using Markov Chain Monte Carlo (MCMC) as implemented in JAGS (version 3.4.0) within MATLAB. 

 

Fig. 1: Mean moral conviction ratings for each sociopolitical issues 

from the initial online survey. Error bars represent one standard 

deviation from the mean. 



During fMRI scanning, participants 

completed a decision-making task (Fig. 

2). In each trial, two photographs 

showing protesters for or against 

various sociopolitical issues were 

presented and participants decided 

which of the two protest groups they 

supported more. All issues had been 

rated previously in the online survey 

and unfamiliar issues (familiarity rated 

not at all familiar) were excluded. 

A total of 120 trials (5 runs * 24 trials 

per run) were included. The thumbs-up 

or thumbs-down icons next to the 

photos indicated whether the 

protesters supported or opposed the 

issue. In other words, a thumbs-down icon reverses the direction of an issue. Both support (thumbs-up) 

and opposition (thumbs-down) trials were included to achieve a larger range of overall support levels 

across trials and to reduce the potential collinearity between support and moral conviction ratings.  

Support or opposition was always consistent for the two issues presented in a single trial and was 

randomized evenly between trials. Issues shown for each participant were tailored according to their 

prior ratings so that the support ratings of the two issues within a trial always differed. If there were 

more than 120 possible pairs of issues, a randomly selected subset of pairs was used, while if fewer than 

120 distinct pairs were possible, some trials were repeated. All familiar issues were presented at least 

once during the decision-making task. The total number of familiar issues ranged from 24 to 40 with a 

mean of 36 and SD of 3.75. Trials were also configured so that the issue with higher previously-rated 

support was evenly distributed between the right and left sides of the screen. The first trial of each run 

started with a jittered fixation ranging from 3.09s to 3.91s while other trials started with a jittered 

fixation ranging from 3.18s to 4.82s. Participants had 4 seconds to respond before the program would 

automatically proceed to the next trial. All stimuli were presented in E-prime 2.0 (Psychology Software 

Tools, Inc., Pittsburgh, PA, USA). 

 

 

 

max 4s 

4s 

Fig. 2: Example of stimulus sequence in a trial during fMRI.  

scanningscanning.  

 [3.09s, 4.82s] 



Behavioral analysis 

To examine whether participants’ demographic characteristics and dispositional traits affect their 

general tendency to moralize the sociopolitical issues presented, a mixed effects linear regression model 

was fitted with moral conviction as the outcome variable. Intensity of support (calculated as |support - 

3| to capture deviation from the midpoint of the support scale), familiarity with the issue, religiosity, 

justice sensitivity, gender, age, education, income, party alignment and political engagement were all 

included as fixed effects. For all behavioral analyses, gender was coded with two levels: 0 for non-female 

and 1 for female. Age was standardized. Education was converted to years of education: 12 for high 
school diploma or GED or associates or technical degree; 14 for some college, but no degree; 16 for 

bachelor’s degree and 18 for graduate or professional degree (MA, MS, MBA, PhD, JD, MD, DDS etc.). 

Income was coded as a continuous variable: 1 for less than $25,000; 2 for $25,000-$49,000; 3 for 

$50,000-$74,999; 4 for $75,000-$99,999; 5 for $100,000-$149,999; 6 for $150,000 or more, and 

participants who responded prefer not to say were treated as NA. Party alignment was treated as 

continuous from 0 (Strong Democrat) to 6 (Strong Republican). Political engagement ranged from 0 

(never) to 4 (always), representing the extent to which participants followed politics and public affairs. 

Participants and issues were modeled with random intercepts respectively. Issues with which 

participants were not at all familiar were excluded from the analysis. While this analysis was conducted 

with data from all 80 participants who completed the initial online survey, other behavioral analyses 

relied on data collected during the scan session, so data were available for the 45 participants who took 

part in the scanning part of the study and met the inclusion criteria for behavioral analyses.  

 

A second behavioral analysis was a mixed effects logistic regression used to test whether the relative 

protest support rating for the issue presented on the lefthand side of the screen (as compared to the 

one presented on the righthand side) predicted a corresponding in-scanner choice of that issue. If an 

issue was presented in a thumbs-down form, support ratings were multiplied by -1. The relative support 

was calculated as support rating (left) – support rating (right). The mixed effects model included relative 

support as the primary fixed effect, with gender, age, education, income, party alignment and political 

engagement entered as fixed-effect covariates of no interest. Participants were modeled with random 

intercepts.  

 

Response time was analyzed as well with a mixed effects linear regression. The moral conviction level of 

a trial was operationalized as the higher moral conviction rating of the two issues within a trial and 

denoted as the maximum moral conviction. In the model, fixed effects included maximum moral 

conviction, familiarity with the issue having maximum moral conviction, support difference (chosen - 



unchosen), the protesters' position (thumbs-up vs. thumbs-down), and the interaction between 

maximum moral conviction and support difference. As above, gender, age, education, income, party 

alignment and political engagement were included as covariates of no interest, and participants were 

modeled with random intercepts. Only consistent choices were included in the analysis (3961 out of 

4823 trials that had responses) to ensure that only trials in which participants responded attentively 

were analyzed.  

 

MRI acquisition and analysis 
MRI scanning was conducted with a 3.0 T Philips Achieva MRI scanner (Philips Medical Systems, Best, 

The Netherlands) equipped with a 32-channel SENSE head coil at the University of Chicago MRI 

Research Center. First, high-resolution T1-weighted anatomical scans were acquired using a 3D MP-

RAGE sequence (TR = 8 ms; TE = 3.5 ms; voxel size = 0.85 × 0.85 × 0.85 mm3; 

matrix = 284 × 260). Then, functional images were collected in ascending order and transverse slices 

using a single-shot EPI sequence with the following parameters: voxel size = 3.0 × 3.1 × 3.0 mm3, flip 

angle = 80°, matrix = 64 × 62, TR = 2000 ms, TE = 28 ms, field-of-view = 192 × 192 mm2, slice gap = 0 

mm). Each of the 5 runs acquired 135 volumes and lasted 4 mins and 42 s. Participant attention to the 

task was monitored throughout the scan using an EyeLink 1000 Plus Eye Tracker (SR Research, Ontario, 

Canada), but eye-tracking data are not reported here.  
 
Preprocessing 
Data were preprocessed using fmriprep v22.1.1 (Esteban et al., 2020). The following 4 paragraphs are 

excerpted and adapted from the documentation distributed with fmriprep. The T1-weighted (T1w) 

image was corrected for intensity non-uniformity (INU) with N4BiasFieldCorrection (Tustison et al., 

2010), distributed with ANTs 2.3.3 (Avants et al., 2008), and used as T1w-reference throughout the 

workflow. The T1w-reference was then skull-stripped with a Nipype implementation of the 

antsBrainExtraction.sh workflow (from ANTs), using OASIS30ANTs as target template. Brain tissue 

segmentation of cerebrospinal fluid (CSF), white-matter (WM) and gray-matter (GM) was performed on 

the brain-extracted T1w using fast (part of FSL 6.0.5.1; Zhang et al., 2001). Brain surfaces were 

reconstructed using recon-all (FreeSurfer 7.2.0; Dale et al., 1999), and the brain mask estimated 

previously was refined with a custom variation of the method to reconcile ANTs-derived and FreeSurfer-

derived segmentations of the cortical GM of Mindboggle (Klein et al., 2017). Volume-based spatial 

normalization to standard space was performed through nonlinear registration with antsRegistration 

(ANTs 2.3.3), using brain-extracted versions of both T1w reference and the T1w template. The following 

template was used for spatial normalization: FSL’s MNI ICBM 152 non-linear 6th Generation Asymmetric 

Average Brain Stereotaxic Registration Model (TemplateFlow ID: MNI152Nlin6Asym; Evans et al., 



2012). A B0-nonuniformity map (or fieldmap) was estimated based on two echo-planar imaging (EPI) 

references with topup (FSL 6.0.5.1; Andersson et al., 2003). 

 

For each BOLD run, the following preprocessing was performed. First, a reference volume and its skull-

stripped version were generated using a custom methodology of fMRIPrep. Head-motion parameters 

with respect to the BOLD reference (transformation matrices, and six corresponding rotation and 

translation parameters) were estimated before any spatiotemporal filtering using mcflirt (FSL 6.0.5.1; 

Jenkinson et al., 2002). The estimated fieldmap was then aligned with rigid-registration to the target EPI 

(echo-planar imaging) reference run. The field coefficients were mapped on to the reference EPI using 

the transform. BOLD runs were slice-time corrected to 0.975s (0.5 of slice acquisition range 0s-1.95s) 

using 3dTshift from AFNI (Cox & Hyde, 1997). The BOLD reference was then co-registered to the T1w 

reference using bbregister (FreeSurfer) which implements boundary-based registration (Greve & Fischl, 

2009). Co-registration was configured with six degrees of freedom. 

 

A set of physiological regressors was extracted to allow for component-based noise correction 

(aCompCor) (Behzadi et al., 2007; Muschelli et al., 2014). Principal components were estimated after 

high-pass filtering of the preprocessed BOLD time-series (using a discrete cosine filter with 128s cut-

off). Probabilistic masks for CSF and WM were generated in anatomical space, and components were 

calculated separately within each mask.  

 

The BOLD time-series were resampled into standard space, generating a preprocessed BOLD run in 

MNI152Nlin6Asym space. First, a reference volume and its skull-stripped version were generated using a 

custom methodology of fMRIPrep. All resamplings can be performed with a single interpolation step by 

composing all pertinent transformations (i.e. head-motion transform matrices, susceptibility distortion 

correction when available, and co-registrations to anatomical and output spaces). Gridded (volumetric) 

resamplings were performed using antsApplyTransforms (ANTs), configured with Lanczos interpolation 

to minimize the smoothing effects of other kernels (Lanczos, 1964). Non-gridded (surface) resamplings 

were performed using mri_vol2surf (FreeSurfer). 

 

Functional MRI Analyses 
Univariate analyses  

Data preprocessed in fMRIPrep were then analyzed using FSL. Smoothing was applied using a 5 mm full 

width half maximum (FWHM) Gaussian kernel. At the first level, a general linear model (GLM) 

containing 5-6 primary regressors and the temporal derivative of each, was applied to data from each 



scan run. The following primary regressors were modeled: 1) all trials with a response, 2) support mean, 

3) support difference, 4) maximum moral conviction, 5) RT, and 6) trials with no recorded response (if 

present on a given run). The length of the boxcar was set to 4 seconds for all trials and each trial was 

convolved with a double-gamma hemodynamic response function (HRF). Confound regressors 

representing the following variables, computed in fMRIPrep, were also included in the GLM: 6 motion 

parameters, 5 aCompCor parameters from WM, 5 aCompCor parameters from CSF (or fewer 

components if sufficient to account for 50% of variance in the CSF tissue compartment), and 3 cosine 

basis functions for high-pass filtering. This analysis was intended to identify the brain areas that track 

the average support ratings and the maximum moral conviction of the two issues shown. 

 

Regressors computed at the first level were then combined across all runs in a fixed-effects analysis in 

FEAT, and contrasts were computed, yielding a single regressor for each contrast in each individual. 

Group-level results were computed in FEAT by combining data from each individual in a FLAME 1 and 2 

mixed-effects analysis with automatic outlier detection. A voxel threshold of z > 3.1 was applied 

together with a cluster threshold of p < 0.05 implemented using Gaussian random field theory in FEAT. 

 

Region of Interest analyses  
To examine whether regions of the valuation system are responsible for keeping track of the degrees of 

support and/or moral conviction, region of interest (ROI) analyses were implemented. The ROIs were 

defined as the vmPFC and VS ROIs identified in a meta-analysis of domain-general reward signal (Bartra 

et al., 2013). For each participant, activity was calculated by averaging the parameter estimate (COPE) 

of the parametric effect of support mean and maximum moral conviction from the second level FEAT, 

across all voxels within the two ROIs.  

 

Functional connectivity analyses  
A generalized psychophysiological interaction (gPPI) analysis (McLaren et al., 2012) was conducted to 

compare functional coupling between specific brain regions for trials varying in maximum moral 

conviction. Regressors for the gPPI analysis were constructed using AFNI. The average time series in the 

seed region was extracted from the data after fMRIPrep preprocessing and smoothing in FSL (using a 5 

mm FWHM Gaussian kernel). This time series was then detrended and up-sampled by a factor of 20. A 

gamma function HRF was then deconvolved from the time series using the AFNI 3dTfitter command. 

This approach used a combination of penalty functions based on the raw time series and its first and 

second derivatives, a penalty weight of -2, and Lasso regularization with lambda = -6, following the 

suggested parameters from the 3dTfitter help file. To create the physiological regressor, the 



deconvolved time series of the ROI was re-convolved with a gamma HRF and down-sampled back to the 

TR length.  The psychological regressor for gPPI (maximum moral conviction) and 4-5 additional 

regressors (all trials with a response, support mean, support difference, RT, and missed trials, if present) 

were computed by up-sampling the raw regressors, convolving them with a gamma HRF and down-

sampling back to the TR length. The gPPI regressors were created by multiplying the up-sampled raw 

psychological regressor for maximum moral conviction with the deconvolved time series of the seed 

region, then convolving with a gamma HRF, and finally down-sampling back to the TR length. 

 

For the first-level analysis in FSL, data that were preprocessed in fMRIPrep and smoothed by FSL (using 

a 5 mm FWHM Gaussian kernel) served as input. No additional preprocessing was done. The primary 

psychological regressor, physiological regressor, gPPI regressor and the 4-5 additional control 

psychological regressors listed above were modeled to fit a general linear model. The temporal 

derivatives for all psychological regressors were calculated and included in the model and temporal 

filtering was also applied to these regressors. Additional confound regressors computed in fMRIPrep 

(same as specified in the univariate analysis) were included. A second-level fixed effects analysis 

combined data from 5 runs and contrasts of interests were calculated for each participant. Finally, 

outputs from the second-level analysis were entered as inputs for the group level analysis, which was a 

FLAME1 and FLAME2 mixed effects model using automatic outlier de-weighting. Cluster thresholding 

was used with a z > 3.1 voxel threshold and a p < 0.05 cluster threshold based on Gaussian random field 

theory.  

 

Metacognition and brain activity analysis 
A series of Pearson correlation analyses was conducted to examine the relationships between 

metacognitive sensitivity and brain activity related to moral conviction and support levels for issues 

presented in the sociopolitical decisions. The Benjamini-Hochberg false discovery rate method was 

employed in cases where control for multiple comparisons was necessary (Benjamini & Hochberg, 1995).  
 
Results 

Behavioral 
Results from the mixed effects linear regression examining effects of demographic characteristics and 

dispositional traits on moral conviction rating indicated a significant positive association between 

religiosity and moral conviction [B = 0.02, 95% CI (0.003, 0.044), p = 0.04] (Fig.3). Additionally, 

regardless of whether the participant supported or opposed the issue, when their position about the 

issue in question was more extreme, they were more likely to have a higher level of moral conviction, 



while holding the other variables constant [B = 0.56, 95% CI (0.52, 0.61), p < 0.001]. Familiarity 

positively contributed to moral conviction as well [B = 0.21, 95% CI (0.17, 0.26), p < 0.001]. 

 

Results from the logistic model examining the relationship between relative support and in-scanner 

choice showed that higher relative support for the issue on the left side of the screen led to a higher 

chance of choosing to support the protesters for that issue (p < 0.001, OR = 1.82, 95% CI = [1.76, 1.88], 

see Fig. 4).  In other words, choices in the scanner were consistent with earlier ratings. In a separate 

mixed effects logistic regression, the main effects of relative support, maximum moral conviction and 

their interaction were included as fixed effects, with the same covariates and the random effect. The 

interaction between relative support and maximum moral conviction was not significant (p = 0.46, OR = 

1.02, 95% CI = [0.98, 1.06]).  

 

The mixed effects linear regression analysis demonstrated significantly shorter RTs with both higher 

maximum moral conviction [B = -69.33, 95% CI (-119.36, -19.24), p = 0.007] and higher support 

difference [B = -98.32, 95% CI (-164.48, -30.51), p = 0.004] (Fig. 5). Participants also made decisions 

faster when the protesters supported the issue in question (thumbs-up) compared to when they 

opposed the issue (thumbs-down) [B = -350.11, 95% CI (-389.09, -310.99), p < 0.001]. Rated 

familiarity with the more morally convicted issue was associated with quicker decisions as well [B = -

26.98, 95% CI (-50.02, -4.65), p = 0.02]. Numerically, the interaction between support difference and 

Fig. 4: Relationship between probability of choosing 

to support protesters on the left and the relative 

support rating of the issue on the left. The shade 

illustrates the 95% high density interval. 

Fig. 3: Effect of religiosity on moral conviction. 
The shades illustrate 95% high density intervals. 



maximum moral conviction 

trended in the predicted direction, 

as the association between 

stronger maximum moral 

conviction and faster response 

time was stronger when the 

support difference was smaller, 

but this interaction was not 

significant [B = 10.77, 95% CI (-
4.82, 26.11), p = 0.17].  
 
 

Neural activity related to support for sociopolitical issues during decision-making 
Elevated hemodynamic responses to decisions that 

had higher mean support ratings were found in the 

left occipital cortex, vmPFC and left amygdala 

(Table 1, Fig. 6). The reverse contrast, which 

identified increased response to lower mean 

support ratings, showed significant effects in the 

dorsal medial prefrontal cortex (dmPFC) and left 

inferior frontal gyrus (IFG) (Table 1, Fig. 6). An ROI 

analysis averaging across VS and vmPFC, using 

regions defined by a meta-analysis of domain-

general reward (Bartra et al., 2013), also showed a 

significant parametric effect of mean support (t 

(43) = 3.00, p = 0.004). The analyses using VS and 

vmPFC as separate ROIs indicated a significant parametric effect of mean support in the vmPFC (t (43) 

= 3.35, p = 0.002, padjusted = 0.003) and not in the VS (t (43) = 1.32, p = 0.19, padjusted = 0.19), controlling 

for the false discovery rate using the Benjamini-Hochberg method. 
 
 
 
 
 
 

Fig. 6: Parametric effects of support of sociopolitical 

issues during decision-making.  

Fig. 5: Effects of maximum moral conviction, support difference 
and protesters’ position on response time. The shades illustrate 

95% high density intervals. 



Table 1. Brain areas showing significantly greater/weaker hemodynamic response to decisions that 

received higher mean support ratings for the two issues. 

 
  Peak MNI Coordinates  
Brain Regions  Cluster Size 

(Voxels) 
x y z Peak z 

statistic 
Greater Response 

Left Occipital 
vmPFC 
Left amygdala 
     Hippocampus 

 

760 
255 
120 

 
 

-10 
-2 
-20 
-28 

 

-74 
50 
-4 
-10 

 

-6 
-10 
-24 
-28 

 

4.85 
4.1 
4.56 
3.91 

 

Weaker Response 
dmPFC 
Left IFG  

 

112 
88 

 

0 
-54 

 

44 
20 

 

48 
8 

 

4.27 
4.27 

 

 

Neural activity related to the moral conviction level of sociopolitical issues during decision-making 

This parametric modulation analysis showed brain regions 

within which BOLD signal was greater or weaker based on 

the maximum moral conviction in a given trial. Left inferior 

frontal cortex, pre-supplementary motor area (SMA), lPFC 

and bilateral aINS showed increased hemodynamic 

responses to trials with higher maximum moral conviction 

while the left precuneus displayed decreased activity on 

trials with higher maximum moral conviction (Table 2, Fig. 

7). An ROI analysis examining the role of VS and vmPFC in 

moral conviction (parametric effect of maximum moral 

conviction averaged across these regions) was not 

significant (t (43) = -0.79, p = 0.43). ROI analyses 

examining the VS and vmPFC separately showed a marginal trend towards a negative effect of maximum 

moral conviction on activity in the VS (t (43) = -2.06, p = 0.046, padjusted = 0.09) and no significant impact 

in the vmPFC (t (43) = 0.40, p = 0.69, padjusted = 0.69). 

 

 

Fig. 7 – Parametric effects of moral conviction of 
sociopolitical issues during decision-making.  



Table 2. Brain areas showing significant parametric effects of maximum moral conviction rating on 
hemodynamic response.  

  Peak MNI Coordinates  
Brain Regions  Cluster Size 

(Voxels) 
x y z Peak z 

statistic 
Greater Response 

pre-SMA 
Left inferior frontal cortex 
Left aINS 
ACC 
Left lPFC 

 

234 
230 
130 
87 
70 

 

0 
-50 
-42 
0 

-34 
 

16 
10 
20 
36 
46 

 

58 
32 
-4 
30 
24 

 

4.39 
4.37 
4.44 
3.86 
4.41 

 

Weaker Response 
Left precuneus 79 -10 -64 22 4.28 

 
Meta-d’ and parametric effect of moral conviction and support of sociopolitical issues 
The preceding analyses identified the brain networks 

that were responsive to moral conviction and to 

support for sociopolitical issues. The following 

analyses examined whether metacognitive sensitivity 

was related to brain activity in these networks. For 

each participant, the parametric effects of maximum 

moral conviction and support mean were extracted 

from each cluster found in the whole-brain parametric 

modulation analyses. These effects were averaged 

(after multiplying activity estimates by -1 in clusters 

showing negative effects) to form a single measure of 

moral conviction-related brain activity and a single 

measure of support-related brain activity. A 

significant negative correlation was found (Fig. 8A) 

between an individual’s metacognitive sensitivity 

(measured by meta-d’) and brain activity related to 

maximum moral conviction [r (36) = -0.38, p = 0.02], 

while no significant correlation with support-related 

brain activity was observed [r (36) = 0.19, p = 0.24]. 

To clarify whether the neural response in specific 

clusters drove the negative association between 

meta-d’ and the mean parametric effect of moral 

Fig. 8 Negative correlations between meta-d’ and the 

parametric effects of moral conviction A) across all 

responsive regions and B) in cortical valuation 

regions (VS and vmPFC). 



conviction, Pearson correlation analyses were carried out to test the relationship between metacognitive 

sensitivity and the parametric effect of moral conviction in each of the 6 clusters. Results showed that 

meta-d' was negatively associated with the neural activity in the left lPFC, [rlPFC (36) = -0.44, p = 0.01, 

padjusted = 0.03], and ACC [rACC (36) = -0.35, p = 0.03, padjusted = 0.09], though the latter effect was not 

significant after controlling for the false discovery rate. No significant effects (uncorrected p < 0.05) 

were found in any other areas. These results suggest that lPFC, and potentially ACC, are driving the 

effects across the full network.  
 

The role of valuation regions was further examined by correlating the parametric effects of moral 

conviction and support in the valuation network (by averaging responses from the VS and vmPFC) with 

metacognitive sensitivity. A significant negative correlation was found between metacognitive sensitivity 

and the parametric effect of moral conviction in reward-sensitive regions [r (36) = -0.38, p = 0.02] (Fig. 

8B). When examining the two reward-sensitive regions separately, a significant negative association 

between metacognitive sensitivity and the parametric effects of moral conviction in the VS was found [r 
(36) = -0.32, p = 0.0496, padjusted = 0.06], though this effect was not significant after controlling for false 

discovery rate. The association between metacognitive sensitivity and the parametric effect of moral 

conviction in the vmPFC also trended in the negative direction [r (36) = -0.31, p = 0.06, padjusted = 0.06]. 

No significant correlations were found between metacognitive sensitivity and the parametric effect of 

mean support in the valuation network (either for VS and vmPFC individually or for their average) 

(combined: r (36) = -0.13, p = 0.42; VS: r (36) = -0.14, p = 0.41, padjusted = 0.59; vmPFC: r (36) = -0.09, p = 

0.59, padjusted = 0.59).  

 

Moral conviction and functional connectivity using 
lPFC as the seed region 

The cluster in lPFC that showed a significant response 

to maximum moral conviction in the univariate analysis 

was selected as the seed region for a gPPI analysis. 

This choice was based on lPFC’s pivotal role in complex 

cognitive functioning and value-based decision-making. 

Prior studies have suggested that lPFC interacts with 

brain regions including the vmPFC, ACC, aINS, and the 

posterior cingulate cortex (PCC) to achieve various 

goals including those are morally relevant (Carlson & 
Fig. 9 A): lPFC seed region and B) gPPI connectivity 

higher maximum moral conviction. 



Crockett, 2018; Dixon & Christoff, 2014; Duverne & Koechlin, 2017). Thus, psychophysiological 

interaction analysis was conducted to examine if functional connectivity with lPFC – specifically with the 

cluster responsive to moral conviction – varied depending on the moral conviction level of a 

sociopolitical decision. The analysis demonstrated that, during decisions with higher maximum moral 

conviction, there is significantly stronger functional connectivity between the lPFC seed cluster and the 

vmPFC and mPFC (Fig. 9).  

Table 3. Brain regions that showed significant increases in functional connectivity with lPFC during decisions with 

higher maximum moral conviction. 

  Peak MNI Coordinates  
Brain Regions Cluster Size (Voxels) x y z Peak z statistic 

vmPFC 224 0 52 -6 4.62 
mPFC 141 4 52 14 3.97 

 

Discussion 

Moral convictions are perceived as absolute, universal, and definite beliefs or principles. They can 

operate as moral imperatives that delineate which opinions, actions and policies are right or wrong, and 

can motivate collective actions (Decety, 2024). By integrating fMRI and behavioral measurements, this 

study provides new evidence about the neural and cognitive underpinnings of moral conviction, including 

its relationship with metacognitive abilities.  

 

In keeping with previous research in social psychology (e.g., Goodwin & Darley, 2012), the behavioral 

data suggest that moral conviction serves as an indicator of choice significance, as it leads participants 

to make faster decisions about highly moralized items. These effects persisted when controlling for the 

difference between the support levels of the two protest groups and the level of familiarity of the highly 

moralized issue, demonstrating that moral conviction is more than just attitude strength or familiarity. 

While previous research has shown that moral evaluations are faster than non-moral ones (Goodwin & 

Darley, 2012; Van Bavel et al., 2012), the current study addresses how different degrees of moral 

conviction affect decision-making about timely sociopolitical issues that have strong real-life 

implications. Since morality facilitates cooperation, addresses concerns about harm and fairness, and 

includes social cues that are crucial to individual and collective well-being (Curry et al., 2019; Wright & 

Pölzler, 2022), it is fundamentally crucial to human evolution. Therefore, it is reasonable to speculate 

that humans are sensitive to content that evokes high levels of moral conviction, leading them to 

respond more quickly to such content.  

 



A positive association was found between participants’ religiosity and their moral conviction ratings of 

the issues presented, controlling for participants’ support level, justice sensitivity, age, gender, education, 

income, party alignment and political engagement. This finding is consistent with past work showing that 

religion promotes righteous morality over prosocial morality, and with prior findings that religious 

morality is primarily deontological and non-consequentialist (Saroglou & Craninx, 2021). While some 

studies have found evidence demonstrating a distinction between moral and religious convictions (e.g., 

Skitka et al., 2018), results from the current study showed that individuals with high religiosity may have 

a greater tendency to think about sociopolitical issues from a righteous point of view, which leads to 

higher overall moral conviction. Further investigation is needed to clarify the relationships between 

moral conviction and religious attitudes.   

 

Results from the whole-brain univariate analyses suggest a twofold neurocognitive process underlying 

moral conviction. An emotional component is reflected by increased neural activity in the salience 

network, which includes the insula and ACC, in response to high moral conviction. This component 

signals the salience of morally convicted items, which may subsequently regulate downstream cognitive 

functions that underlie moral reasoning and decisions. This result aligns with studies showcasing the 

importance of the salience network in the detection of morally charged information, as well as with the 

role played by the ACC and the inferior frontal gyrus in distinguishing moral vs. conventional norms 

(Sevinc et al., 2017; Eres et al., 2018; White et al., 2017). The results also indicate that lPFC is more 

activated in the context of high levels of moral conviction, possibly supporting the cognitive dimension of 

moral conviction. Previous research has related activity in the lPFC with various functions including 

cognitive control, executive function, planning, social cognition, and moral judgment (Miller & Cohen, 

2001; Forbes & Grafman, 2010). When it comes to moral cognition, one study reported that disruption 

of the right dlPFC by transcranial magnetic stimulation causes participants to act less fairly toward a 

social partner (Knoch et al., 2009). Another study showed that patients with dlPFC damage are less 

likely to cooperate in a public goods game (Wills et al., 2018). Together, these studies suggest that the 

dlPFC exerts self-control and inhibits selfish behaviors. In other contexts, however, increased neural 

response in the lPFC has been associated with dishonest and selfish behaviors (Greene & Paxton, 2009; 

FeldmanHall et al., 2012). Thus, results from the present study add to our knowledge of the role of the 

lPFC, demonstrating that it may not be limited to inhibiting impulsive behavior, but instead flexibly 

engages in upholding and enforcing goals (Carlson & Crockett, 2018; Tusche & Hutcherson, 2018). The 

cognitive dimension of moral conviction reflects the ability to distinguish moral from nonmoral beliefs 

and underscores their objectivity grounded by universal and unalterable facts that transcend personal 

and social boundaries (Wright et al., 2008). This cognitive structure shapes moral goals and serves as 



the key to aligning actions with these aims. This conceptual overlap between achieving goals and the 

imperative nature of moral conviction suggests that the lPFC is a compelling candidate region for 

implementing the cognitive dimension of moral conviction.  

 

A gPPI analysis using as the seed region the lPFC cluster parametrically modulated by maximum moral 

conviction in the univariate analysis demonstrates stronger functional connectivity with vmPFC and 

mPFC during decisions with higher moral conviction. In cognitive tasks, the functional coupling between 

dlPFC and vmPFC has been linked to the successful exertion of self-control in choosing larger-delayed 

rewards over smaller-immediate ones and in choosing healthier over tastier food items (Hare et al., 

2009; Hare et al., 2014). Dorsolateral PFC and vmPFC interactions have also been shown to contribute 

to adaptive value calculations in different contexts, in the absence of a requirement for self-control 

(Rudorf & Hare, 2014). Therefore, it is likely that the lPFC-vmPFC connectivity signals an increase in the 

importance of domain-general goals (e.g. health goals, moral goals) and greater incorporation of these 

goals into the value-based decision-making process. Taken together with the univariate results that the 

lPFC tracks moral conviction while vmPFC and amygdala track overall support, the increase in functional 

coupling between lPFC and vmPFC during higher moral conviction decisions suggests an increased 

integration of moral considerations and sociopolitical opinions. In line with this interpretation, one 

previous study examining fairness and costly punishment found increased connectivity between right 

dlPFC and posterior vmPFC in people who more frequently decided to exert costly punishment 

(Baumgartner et al., 2011), indicating that such neural connectivity may underlie the enforcement of 

moral conviction related to fairness.  

 

Metacognitive sensitivity moderated neural responses to moral conviction level during decision-making. 

particularly in ACC and left lPFC. Recent research has shown that reduced metacognitive sensitivity is 

associated with stronger medial frontal negativity (MFN) elicited as a function of moral conviction level 

for highly moralized issues (Yoder & Decety, 2022). Since the MFN is thought to originate in the ACC 

(Gehring & Willoughby, 2002), the current results converge with previous findings and further establish 

the importance of ACC in how metacognitive abilities impact processing of morally relevant decisions. 

Additionally, in previous literature, the lPFC has been associated with making metacognitive judgments 

(Lapate et al., 2020; Fleming & Dolan, 2012). The present study is the first to demonstrate that 

metacognition and moral conviction may rely on overlapping circuitry in lPFC.  

 

Moral conviction showed no significant main effect on activity in the valuation system (vmPFC and VS). 

Interestingly, though, the magnitude of this effect across individuals was negatively associated with 



metacognitive sensitivity. In other words, compared to individuals with higher metacognitive sensitivity, 

those with lower metacognitive sensitivity exhibited greater activity in the vmPFC and VS during trials 

with higher maximum moral conviction. Thus, moral conviction may be seen as rewarding specifically for 

those with poor metacognitive abilities.  Meanwhile, results from the whole-brain univariate analyses and 

ROI analyses demonstrated that greater mean support for social issues was associated with greater 

activity in vmPFC and amygdala. These are key regions in the valuation system, suggesting that moral 

issues with which one agrees are among the many domains in which liking is indexed in the reward circuit 

(Mormann et al., 2019; Hare et al., 2008). The effects of mean support in the reward system, though, 

showed no significant correlation with metacognitive sensitivity. Overall, these results provide evidence 

that the extent to which the valuation system is involved in moral conviction may depend on individuals’ 

metacognitive abilities while its role in tracking level of support is more universal. Past behavioral studies 

have linked lower metacognition to dogmatism, political radicalism, and reduced social conformity 

(Osorio & Reyes, 2023; Rollwage et al., 2018; Yoder & Decety 2022). The current study suggests a 

possible neural mechanism through which metacognition regulates moral conviction’s impact.  

 

One limitation is that in the current task, multiple cognitive processes may have occurred 

simultaneously, increasing the difficulty of measuring brain activity associated with a specific cognitive 

function. Future studies should be designed to draw more direct connections between behaviors and 

neural activity, to better understand the neurocognitive mechanisms of how metacognitive sensitivity 

influences morally charged sociopolitical decisions.  

 

Moral values and social norms foster cooperation, which is the cornerstone of human civilization. Moral 

convictions have specific influence on attitudes and behaviors, from positive collective action to 

intolerance and violence (Decety, 2024).  Past studies have established that strong moral conviction is 

related to social and political intolerance, which provides a motivational basis to distinguish “us” from 

“them”, and potentially leads to approval of sociopolitical violence congruent with ones’ own views and to 

diminished social conformity (Skitka et al., 2013; Wright et al., 2008; Workman et al., 2020; Yoder & 

Decety, 2022). This study expands upon the existing knowledge by investigating the mechanisms 

through which support, moral conviction, and metacognitive sensitivity guide decisions about 

sociopolitical protests and provides a basis for future research investigating the psychological roots of 

political and social action. 

 

 

 



Conclusion 

This study sheds light on the neural mechanisms underlying moral conviction guiding decisions on 

sociopolitical issues and their interactions with metacognitive abilities. Moral conviction is associated 

with greater neural activity in core regions of the salience network (i.e., ACC and aINS), as well as in 

regions associated with executive functioning (lPFC and pre-SMA). These neural mechanisms support 

the emotional and cognitive dimensions of moral conviction, respectively. We propose that regions in the 

salience network encode the emotional intensity of morally convicted issues while the lPFC plays an 

important role in recognizing moral goals and signaling the objectivity of moral conviction. Increased 

coupling between the lPFC and vmPFC as a function of moral conviction, as identified by a gPPI 

functional connectivity analysis, suggests a possible decision mechanism by which moral goals tracked by 

the lPFC are incorporated into the valuation process to a greater extent when a decision involves 

sociopolitical issue(s) with stronger moral conviction. The neural responses associated with moral 

conviction are also stronger in individuals who score lower on metacognitive sensitivity. Activity in 

vmPFC and VS associated with moral conviction, while not significant in the aggregate, is stronger in 

individuals with lower metacognitive sensitivity as well. These findings provide a possible mechanistic 

explanation for the observation, increasingly documented by research in cognitive science, that beliefs 

tend to be particularly fixed in people who show poor metacognitive performance. Activity in reward 

circuitry tracks the overall level of support in a decision. This effect is uncorrelated with metacognitive 

sensitivity, suggesting activity in the valuation system may track support, regardless of metacognitive 

abilities. Overall, the study provides insight into the cognitive and neural mechanisms of moral conviction 

and provides a basis for further examination of the interplay between moral conviction and 

metacognition.  
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