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Abstract

Social interactions often involve encountering inconsistent information about social others. We conducted a 

functional magnetic resonance imaging (fMRI) study to comprehensively investigate voxel-wise temporal dynamics 

showing how impressions are anchored and/or adjusted in response to inconsistent social information. The participants 

performed a social impression task inside an fMRI scanner in which they were shown a male face, together with a 

series of four adjectives that described the depicted person's personality traits, successively presented beneath the 

image of the face. Participants were asked to rate their impressions of the person at the end of each trial on a scale 

of 1 to 8 (where 1 is most negative and 8 is most positive). We established two hypothetical models that represented 

two temporal patterns of voxel activity: Model 1 featured decreasing patterns of activity towards the end of each trial, 

anchoring impressions to initially presented information, and Model 2 showed increasing patterns of activity toward 

the end of each trial, where impressions were being adjusted using new and inconsistent information. Our data-driven 

model fitting analyses showed that the temporal activity patterns of voxels within the ventral anterior cingulate cortex, 

medial orbitofrontal cortex, posterior cingulate cortex, amygdala, and fusiform gyrus fit Model 1 (i.e., they were more 

involved in anchoring first impressions) better than they did Model 2 (i.e., showing impression adjustment). 

Conversely, voxel-wise neural activity within dorsal ACC and lateral OFC fit Model 2 better than it did Model 1, 

as it was more likely to be involved in processing new, inconsistent information and adjusting impressions in response. 

Our novel approach to model fitting analysis replicated previous impression-related neuroscientific findings, furthering 

the understanding of neural and temporal dynamics of impression processing, particularly with reference to functionally 

segmenting each region of interest based on relative involvement in impression anchoring as opposed to adjustment.
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1. INTRODUCTION
 1)

1.1. Anchoring and adjustment heuristics in 

impression processing

Social interactions involve encountering an immense 

amount of – often conflicting – information, motivat-

ing a heuristic approach to make information-based deci-

sions (Chaiken, 1980).  A heuristic approach is adopted 

primarily for the purpose of minimizing cognitive ef-

forts, exempting everyday decision-making processes 

from exhaustively assessing every piece of the available 
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information. In this heuristic decision-making process, 

certain information may act as an anchor that directly 

influences subsequent decisions, while some other in-

formation contributing to adjusting the decisions away 

from the anchor (Chaiken & Eagly, 1989; Mussweiler 

& Strack, 1999; Turner & Schley, 2016; Tversky & 

Kahneman, 1974). This entire decision-making process, 

or bias, is more specifically called anchoring and adjust-

ment heuristics.

The anchoring and adjustment heuristics play a pivotal 

role when we form impressions of social others (Sung 

et al., 2010; Hogarth & Einhorn, 1992). Social impressions 

are important building blocks of our attitude and expect-

ations toward social others. First impressions, in particular, 

are formed rapidly and automatically, based on extremely 

limited initial information (Uleman et al., 2008). This 

rapid characeristic judgment of social others is mostly 

made under uncertainty as people may behave in incon-

sistent ways in social dynamics. For example, a man who 

seemed to be optimistic and generous in the initial encoun-

ter may turn out to be irresponsible and impulsive depend-

ing on social context. It is therefore essential to constantly 

adjust expectations for social others in response to the 

newly acquired information. It is possible, however, that 

we are strongly anchored to first impressions and new 

information hardly shows diagnostic effects to revise them. 

Depending on the individual and the situation, either an-

choring or adjustment can have stronger effects on overall 

impression formation processes. Despite its fluid nature, 

little is known about how neural activity temporally varies 

to integrate the continuous cascade of incoming social 

information, which leads to the volatile formation and 

adjustment of impressions.

1.2. Brain regions involved in impression 

processing

Prior neuroimaging studies have extensively sought to 

characterize a neurocognitive framework that can ex-

plain how humans navigate through inconsistencies in 

social information, form and update social impressions. 

Effects of a wide variety of social inconsistencies (e.g., 

trait-related inconsistencies as in Ames & Fiske, 2013; 

Ma et al., 2012) have been examined in the context of 

impression formation and social inferences. Converging 

evidence has suggested that forming and adjusting im-

pressions are not attributed to activity of a sole brain 

area but rather, engage a distributed system of multiple 

brain areas (for review, Mende-Siedlecki, 2018). Yet, 

studies have focused on capturing average differences 

in neural activation when inconsistent information is 

processed (e.g., average neural activation in response to 

the first two descriptions of the person vs. inconsistent 

last two descriptions; Mende-Siedlecki et al., 2012). It 

is still underspecified how fast-changing processes of 

forming and adjusting impressions are represented by 

temporal patterns of neural activity, and how the tempo-

rally varying neural activity during the exposure to in-

consistent social information is associated with sub-

sequent impression evaluation.

Accordingly, the present study aimed to track mo-

ment-to-moment neural activity during which initial so-

cial impressions are formed and subsequently revised 

based on new information. We adopted a data-driven ap-

proach of an exploratory voxel-wise model fitting analy-

sis, focusing on the temporally varying activity of brain 

regions of interest (ROIs) during the social impression 

task (more details in Methods).

Specifically, we focused on the temporal dynamics of 

five a priori ROIs, all of which have most commonly 

been implicated in impression processing: the orbito-

frontal cortex (OFC), anterior cingulate cortex (ACC), 

posterior cingulate cortex (PCC), amygdala (AMG), and 

fusiform gyrus (FG) (Fig. 1). 

The orbitofrontal cortex (OFC) has been implicated 

as playing an important role in impression formation. 

For example, OFC is largely recruited when processing 

social impression-related affective information (Mitchell 

et al., 2005) and forming positively valenced facial im-

pressions (Todorov et al., 2013). The lateral part of the 
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OFC is more specifically involved in evaluating the 

trustworthiness of faces (Kim et al., 2012;). On the other 

hand, the medial part of the OFC (mOFC) constitutes 

the ventromedial sector of the prefrontal cortex, which 

is associated with social inferencing based on a variety 

of trait codes (Bechara et al., 2000; Ma et al., 2014; 

Ma et al., 2014; Todorov et al., 2013).

The anterior cingulate cortex (ACC) has been func-

tionally segregated into the dorsal vs. ventral ACC ac-

cording to their respective involvement in cognition and 

emotion, particularly in conflict situations (Egner et al., 

2008; Kolling et al., 2016; Mohanty et al., 2007; 

Shenhav et al., 2016). The role of the ACC in im-

pression processing aligns with this general functional 

parcellation of the ACC, such that the dorsal ACC 

(dACC) is more recruited when social expectations are 

violated, whereas the ventral ACC (vACC) is more sen-

sitive to social feedback, more specifically to whether 

social others would accept (like) vs. reject (dislike) the 

participant (Somerville et al., 2006). Although the cur-

rent study focused on the temporal dynamics within each 

voxel when processing impressions, we asked whether 

our voxel-wise analysis can generalize the segregated 

role of the ACC, such that identifying different temporal 

patterns of the dACC and vACC during our social im-

pression task. For example, since the dACC is more in-

volved in expectency violation (Somerville et al., 2006), 

it is hypothetically possible that voxels in the dACC 

would be more invovled in impression adjustment than 

anchoring to initial information, while voxels in the 

vACC show a different activity pattern than those in the 

dACC, more engaging in impression anchoring.

Our next ROI was the posterior cingulate cortex 

(PCC), whose roles in impression processing seem to 

be conflicting. Schiller et al. (2009) observed increased 

activation of the PCC when processing initial in-

formation that is consistent with subsequent impression 

evaluations. In contrast, other studies showed that the 

PCC is more involved in detecting changes and incon-

sistencies and updating impressions based on the de-

tected inconsistencies (Mende-Siedlecki et al., 2012; 

Pearson et al., 2011). We aimed to identify which of 

these two accounts (initial anchoring vs. adjustment) 

would be more supported by our novel approach of tem-

poral model fitting analysis.

The next ROI was the amygdala (AMG), which is spe-

cifically recruited for the fast evaluation of superficial at-

tributes such as face and race (Baron et al., 2011; Freeman 

Fig. 1. Regions of interest (ROI)

Five brain regions that have been implicated in forming and updating impressions were selected as a priori ROIs: ACC, PCC, FG,

AMG, and OFC. We used OFC masks provided by the Automated Anatomical Labeling (AAL) atlas (Tzourio-Mazoyer, Landeau et 

al. 2002) that anatomically segmented the brain area into the superior, middle, and inferior parts. (Abbreviations: ACC, anterior cingulate

cortex; PCC, posterior cingulate cortex; FG, fusiform gyrus; AMG, amygdala; OFC, orbitofrontal cortex; S OFC, superior orbitofrontal 

cortex; M OFC, middle orbitofrontal cortex; I OFC, inferior orbitofrontal cortex.)
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et al., 2010; Iidaka et al., 2011; Todorov et al., 2013). 

Our last ROI, fusiform gyrus (FG) is also engaged with 

the relevant social functions to the AMG, showing in-

creased activation exclusively to facial stimuli and when 

forming facial impressions at initial encounters 

(Grill-Spector, et al., 2004; Kanwisher et al., 1997; 

Mende-Siedlecki et al., 2012; Sergent et al., 1992). Prior 

neuroscientific studies have consistently shown that face 

perception recruits increased functional connections be-

tween the AMG and FG (e.g., Herrington et al., 2011). 

Although the primary focus of the current analysis was 

not on facial impressions but on personality trait-based 

impression formation (facial stimuli will be used but as 

more of a secondary social information), we expect that 

both AMG and FG might show similar anchoring-like pat-

terns of neural responses, considering their strong func-

tional connections and involvement in fast initial judge-

ment of social others based on their superficial attributes.

1.3. Voxel-wise mapping of functional magnetic 

resonance imaging (fMRI) & hypotheses

As an initial step to perform exploratory model fitting 

analysis, we established two hypothetical temporal mod-

els of voxel activity, each representing increased activa-

tion to 1) initial social information or 2) subsequently 

following incongruent information. Specifically, Model 

1 {1, 1, -1, -1} hypothesized a decreasing pattern of neu-

ral activity (anchoring to initial information), while 

Model 2 {-1, -1, 1, 1} hypothesized an increasing pattern 

(adjusting to new information). We examined which of 

two models provides better fit with voxel activity, calcu-

lated as single-trial beta estimates acquired from the 

general linear model (GLM, more details in Methods).

Our primary focus was on classifying whether each 

voxel within the five ROIs is more involved in im-

pression anchoring or adjustment. We expected that such 

voxel-wise classification could not be achieved from 

conventional analytic methods (i.e., conventional group 

GLM analysis). Our expectation was that such ex-

plorative approach would advance our understanding of 

the neural dynamics of impression processing, by allow-

ing us to temporally track every precise moment of each 

voxel anchoring to specific information, or adjusting im-

pressions based on incongruent information.

To construct voxel-level cortical maps, the model fit-

ting results were projected onto a flattened brain map, 

which was first introduced by Huth and colleagues (Huth 

et al., 2016; Huth et al., 2012; Naselaris et al., 2015). 

This whole-brain map allowed us to visualize voxel-wise 

analytic findings as well as to visually confirm whether 

voxels form clusters within each ROI (e.g., dorsal vs. 

ventral clusters within the ACC) according to their tem-

poral activation patterns.

2. METHOD

2.1. Participants

Twenty-one younger adults (8 females; age M = 

24.81, SD = 4.21, range = 21-35) participated in the 

study for monetary compensation (approximately $20). 

All participants reported being right-handed, with nor-

mal or corrected-to-normal vision and no other contra-

indications for MRI scanning. All provided written in-

formed consent to participate in the study, which was 

approved by the Institutional Review Boards of Yonsei 

University.

2.2. Experimental procedure 

Participants underwent 1 resting-state run and 2 task 

runs inside the fMRI scanner. During the 6.8 min of rest-

ing-state run, participants were instructed to lie still with 

their eyes closed, relax, but not to fall asleep. Before 

proceeding to the task run, 5 practice trials were performed 

inside the scanner. The following 2 task runs consisted 

of 30 trials each and took 20 min in total to complete. 

During each task trial, a face was paired with 4 personality 
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trait adjectives, sequentially presented beneath the facial 

image, for 3.5 sec each (Fig. 2). Each adjective was fol-

lowed by a blank screen for the interstimulus interval 

of 0.5 sec. After viewing 4 adjectives describing the per-

son’s personality traits, participants were asked to evaluate 

their impression of that person in 4 sec on a Likert-type 

scale between 1 (‘Negative’) and 8 (‘Positive’).

To investigate how impression formation processes 

are influenced by incongruence of social information, 2 

of the trait descriptions were positively valenced, while 

the other 2 were negatively valenced within each trial. 

Also, we counterbalanced the order of adjective pre-

sentations, such that 2 positive adjectives were followed 

by 2 negative adjectives in half of the trials (we call 

it ‘PPNN condition’), and the presentation order was re-

versed in the other half of the trials (‘NNPP condition’).

2.3. Stimuli

Face images were acquired from a standardized face 

image dataset (Face Research Lab London Set; DeBruine 

& Jones, 2017). All faces were frontal views of younger 

male adults with neutral expressions, encompassing a di-

verse range of age (ages 18-48) and race (White, East 

Asian, West Asian, Black, Mixed). We computationally 

averaged 10 facial images randomly selected from a pool 

of 40 male faces, and projected them into a black and 

white color space. These procedures were to minimize po-

tential confounding effects of facial attributes such as fa-

cial attractiveness in impression evaluation.

Personality traits to be paired with each face were se-

lected from a widely used list of personality trait ad-

jectives (Anderson, 1968). Out of 555 words that were 

examined in Anderson (1968), we chose top 200 words 

that had highest meaningfulness ratings (i.e., how clearly 

each adjective is describing one’s personality trait). 

Among these 200 words, we categorized each word as 

either positive or negative based on its likeableness rat-

ing (i.e., how likeable one is when they show this partic-

ular personality trait). We then translated each word into 

Korean and selected words that were similar in length 

(4~5 Korean syllables). As a result, we acquired 60 pos-

itive and 60 negative words to be used across 2 task runs.

To ensure that selected adjectives sufficiently repre-

sent either positive or negative personality traits, we col-

lected each adjective’s post-ratings of valence and arous-

Fig. 2. Experimental design

A face was paired with 4 personality trait adjectives, sequentially presented beneath the image. Participants were asked to evaluate

their impression of the person on an 8-point scale after viewing all 4 adjectives. Two positive adjectives were followed by 2 negative

adjectives in half of the trials (PPNN condition). The presentation order was reversed in the other half of the trials (NNPP condition)
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al from an independent sample (N = 7). We specifically 

asked these participants to rate each adjective on a scale 

of 8:1) how positive or negative their impression will 

be when one shows this personality trait (valence; 8 

means most positive); 2) how arousing each adjective 

is (arousal; 8 means most arousing). As expected, we 

found that all positive and negative words were dis-

tinctly differentiated in valence (positive words M = 

6.61, SD = .49; negative words M = 2.22, SD = .64) 

but not in arousal ratings (positive words M = 4.19, SD 

= .90; negative M = 4.84, SD = 1.38).

2.4. fMRI data acquisition

Functional brain images were acquired using T2- 

weighted gradient-echo planar imaging (EPI) sequences 

and a 3-Tesla GE Healthcare Discovery MR750, equip-

ped with an 8-channel radiofrequency head coil 

(repetition time (TR) = 2000 msec; echo time (TE) = 

30 msec; 3.75 × 3.75 mm in-plane resolution; slice 

thickness = 4 mm; no gap; 33 oblique axial slices; field 

of view (FOV) = 240 mm; matrix size = 64 × 64 mm; 

interleaved collection). We used axial slices tilted 90° 

from the AC–PC plane. Before functional data collec-

tion, the first 4 dummy volumes were discarded to allow 

for T1 equilibration effects. Stimuli were presented on 

an MRI-compatible mirror, and responses were received 

via two MRI-compatible button boxes with 5 buttons 

each. Participants held the button boxes placed on their 

torso and pressed the buttons using both hands. Head 

motion was minimized using foam padding. At the end 

of a functional imaging session, a T1-weighted 3-dimen-

sional structural image was acquired, which was not in-

cluded in the current analysis (.43 × .43 × 1 mm reso-

lution, 512 × 512 matrix, 216 1-mm sagittal slices).

2.5. fMRI data analysis

2.5.1. Image processing

Statistical Parametric Mapping 8 (SPM8; the Wellcome 

Trust Centre for Neuroimaging, University College 

London, UK) was used for data preprocessing and stat-

istical analysis. Slice acquisition timing was corrected 

by temporally shifting each slice to the onset of the mid-

dle slice (i.e. the 17th slice), and head motion was cor-

rected by spatially realigning functional volumes to the 

first volume. Realigned images were spatially normal-

ized based on a standardized brain template (Montreal 

Neurological Institute, MNI), and resampled into 3 × 3 

× 3 mm size voxels. Spatial smoothing was performed 

using a 8-mm full-width and half-maximum isotropic 

Gaussian kernel.

2.5.2. General linear model (GLM) analysis

Conventional GLM analysis

Time-series data of each participant were entered into 

the conventional GLM pipeline using SPM8. Ten re-

gressors of interest used a delta function marking the 

onset of each adjective presentation and impression eval-

uation period which convolved a canonical hemody-

namic response function (HRF). More specifically, five 

regressors of interest represented events of 4 adjective 

presentations and the impression rating period of the 

PPNN condition, and the other 5 regressors represented 

events of the NNPP condition. In order to control for 

the effects of different valence and arousal of each ad-

jective, the following regressors were additionally in-

cluded in the model as parametric modulators: 1) 

z-standardized likeability ratings of all included ad-

jectives from Anderson (1968); 2) z-standardized va-

lence and arousal scores of all facial stimuli, collected 

from an independent group of participants (N = 19). 

Additionally, six realignment parameters extracted from 

the motion correction process were included in the mod-

el as nuisance regressors. We concatenated two runs into 

one design matrix and the potential session effect was 

treated as a regressor of no interest.

In order to explore brain regions that showed greater 

activation to the first 2 adjectives or to the last 2 ad-

jectives, pair-wise contrasts between parameter estimates 
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of each regressor of interest were calculated for each 

participant. Individual contrast images were then taken 

to a group-level random effect one-sample t-test. 

Resultant group-level contrast images were liberally 

thresholded at p < .001, uncorrected, with the cluster 

extent of 10 voxels. We will also report random effect 

findings thresholded at p < .05, family-wise error (FWE) 

or false discovery rate (FDR) corrected. We note that 

we used an explicit whole brain mask in our entire anal-

ysis in order to minimize voxels that drop out in the 

OFC, which is due to the arbitrary analysis threshold 

set by an implicit mask of SPM (explicit mask acquired 

from O'Connor, 2010, https://akiraoconnor.wordpress.com/ 

2010/03/10/whole-brain-mask/).

Single trial GLM analysis

Moving forward, the primary goal of the current study 

was to track moment-to-moment neural activity while 

processing impression-related information. To achieve 

this, we conducted an independent set of GLM analysis 

(Mumford et al., 2012). Here, first-level beta estimation 

was conducted iteratively for every single event. As 

there were a total of 60 trials and 5 single events for 

each trial, 300 iterations of beta estimation were per-

formed for each participant. In every iteration, z-stand-

ardized likeability ratings of the adjective stimuli, and 

z-standardized valence and arousal scores of the facial 

stimuli were included as parametric modulators. Also, 

the potential session effect was included as a regressor 

of no interest. As with the conventional GLM analysis, 

the explicit mask was applied to reduce signal dropout 

of the OFC (O'Connor, 2010).

2.5.3. Voxel-by-Voxel model fitting analysis using 

nonlinear optimization

For every voxel of 5 ROIs, we were able to extract 

240 beta estimates from the single-trial GLM analysis 

as 4 adjectives were used in each trial and there were 

60 trials in total. As the extracted beta estimates repre-

sented the amplitude of neural responses when process-

ing each personality trait adjective, we established 2 

simple models representing hypothetical temporal pat-

terns of brain activation, and used the extracted beta val-

ues to estimate how well voxel activity fits into each 

model. Hypothetical models were established using 2 

simple sign functions. The first model (Model 1) con-

sisted of a sequence of 4 integers: 1, 1, -1, -1. Likewise, 

the second model (Model 2) consisted of the same se-

quence of discrete digits, with opposite signs: -1, -1, 1, 

1. These models used 4 integers to represent a sequence 

of 4 beta values in each trial, corresponding to 4 ad-

jective presentations. It is noteworthy that the negative 

integers in two models do not necessarily represent brain 

de-activation to a certain event, but rather generally 

stand for increasing or decreasing patterns of voxel 

activity. Model 1 hypothesized that temporal voxel ac-

tivity would show a decreasing pattern towards the end 

of each trial as incongruent information is presented. 

That is, we expected that voxel activity would fit into 

Model 1 if the voxel is relatively more involved with 

forming first impressions and anchoring impressions to 

initial information received. On the other hand, Model 

2 hypothesized that voxel activity would increase when 

encountering incongruent information. We expected that 

a voxel more involved in detecting and resolving con-

flicts of information and adjusting impressions accord-

ingly would be a better fit for Model 2 than Model 1.

Each digit of our hypothetical models was then multi-

plied by 4 discrete nonlinear and non-negative 

parameters. For each participant, the squared deviation 

(SD) between each digit of the parameter-multiplied 

model and the corresponding digit among 4 beta values 

was calculated in every trial. The SD for every trial in 

PPNN or NNPP condition was summed to obtain the 

sum of squared deviations (SSD) of each condition. The 

whole analytic procedures were performed separately for 

the PPNN and NNPP conditions, as well as for Models 

1 and 2, each voxel, and each participant. Additionally, 

model fitting was conducted separately for trials where 

the impression was evaluated positively or negatively.
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The nonlinear Generalized Reduced Gradient (GRG) 

algorithm of Solver and Visual Basic for Applications 

(VBA) Macros embedded in Microsoft Excel were used 

to estimate optimal parameters that minimized the SSD 

between the parameter-multiplied model and actual beta 

estimates of each voxel. As a result, final parame-

ter-modulated Models 1 and 2 were established, and 

minimized SSD between each model and actual beta es-

timates were calculated. We treated the minimized SSD 

as a quantified measure of model fit, with a smaller SSD 

corresponding to better fitting. Two SSD values (i.e., 

one SSD for each model) acquired for every voxel were 

compared to confirm which model better fit the partic-

ipant’s voxel activity. If voxel activity in more than 70% 

of participants fit better to a specific model (i.e., has 

a smaller SSD), the voxel was categorized as more in-

volved in anchoring (Model 1) or adjustment (Model 2) 

of impressions (Fig. 3).

We only allowed non-negative parameters in the mod-

els to prevent offsetting positive and negative signs of 

two models. As each digit of the model was multiplied 

with a separate parameter, allowing both positive and 

negative parameters would have eliminated sign differ-

ences between two models, leading two models to con-

verge into an identical model with the same minimized 

SSD. This would have been against our primary goal 

of comparing relative fitting to Model 1 vs. 2. Different 

signs of two models needed to be preserved as they repre-

sented our assumptions of increasing or decreasing neural 

signals in response to incongruent social information.

To determine significance of the model fitting results, 

a paired t-test between every participant's SSD with Model 

1 and Model 2 was conducted for each individual voxel. 

Since the primary goal of our study was not to draw a 

whole-brain map, but to determine the role of each voxel, 

significance was also determined at the voxel-level.

2.5.4. Voxel-wise Mapping and Visualization

All model fitting results were projected into flattened 

cortical maps using the Pycortex software (Gao et al., 

2015). We mapped each voxel of ROIs by assigning it 

a binary number, according to which model the voxel 

better fit into.

3. RESULTS

3.1. Behavioral results

Impression evaluation scores of the PPNN and NNPP 

conditions were compared using a two-tailed paired 

t-test. No significant differences in impression scores 

were found across two conditions (PPNN M = 4.50, SE 

= .82; NNPP M = 4.30, SE = .11; t (20) = 1.63, mean 

Fig. 3. Model fitting analysis

(A) Black dots indicate beta estimates corresponding to each adjective presentation (X-axis) across all trials of the PPNN condition,

extracted from a voxel in the left PCC (MNI coordinates: x=-15, y=-42, z=9). The final parameter-estimated Model 1 for this particular 

voxel activity is indicated as red triangles. (B) Beta estimates across all trials of the NNPP condition, extracted from a voxel in the

left ACC are shown as black dots (MNI coordinates: x=-9, y=27, z=27). Red triangles indicate the final parameter-estimated Model 2
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difference = .21, 95% CI [-.06, .47], p = .12, Fig. 4(A)). 

In a subsequent analysis with fMRI data, we categorized 

each trial into positive trial or negative trial. A trial 

whose impression was scored 5 or higher was classified 

as a positive trial, and a score of 4 or less as a negative 

trial. This categorization was conducted within each par-

ticipant, to take into account between-subject variability. 

Although participants were shown the same set of face 

and descriptions of a person, there were individual dif-

ferences in impression evaluations. The average evalua-

tion score of positive trials across all participants was 

5.73 (SE = .08), and that of negative trials was 3.01 

(SE = .08). The average scores of positive and negative 

trials in the PPNN condition were 5.69 (SE = .08) and 

3.12 (SE = .07), respectively, while those of the NNPP 

condition were 5.77 (SE = .09) and 2.90 (SE = .08), 

respectively (Fig. 4(B)). Notably, evaluation scores for 

negative trials were significantly lower in the NNPP 

condition (t (20) = 3.53, mean difference = .22, 95% CI 

[.09, .35], p < .005). Positive trials in the PPNN and 

NNPP conditions, however, did not show a significant 

difference in evaluation scores. There were no sig-

nificant differences in the number of positive and neg-

ative trials across conditions at the p < .05 level 

(Positive trials PPNN M = 16.19, SE = .77; NNPP M 

= 14.24, SE = .90; Negative trials PPNN M = 13.81, 

SE = .77; NNPP M = 15.76, SE = .90, Fig. 4(C)).

3.2. fMRI results

3.2.1. Conventional GLM results

To identify brain regions that showed greater activity 

in response to either information presented initially or 

to conflicting information presented later, we contrasted 

events of first two adjectives vs. last two adjectives. We 

observed that the left inferior and middle occipital gyrus 

responded more strongly to the initial than last two ad-

jectives (p < .001/10, Table 1). Among a priori ROIs, 

a cluster in the left inferior OFC and the right FG 

showed increased responses to initial vs. last 

information. However, no voxels held significant after 

FWE or FDR correction (p < .05, k = 0). On the other 

hand, we observed that the right middle cingulate cortex, 

the left paracentral lobule, the right postcentral gyrus, 

the right insula and the left precuneus were more active 

in response to the conflicting vs. initial information 

(p < .001/10). Again, no voxels were found significant 

after FWE or FDR correction (p < .05, k = 0).

Conventional GLM analyses did not provide a good 

understanding of differential involvement of each ROI 

in processing initial social information or in detecting 

conflicts. We proceeded with our model fitting analysis 

expecting to more sensitively detect anchoring or adjust-

ment-like temporal patterns of ROI activity at the vox-

el-level.

Fig. 4. Behavioral results

(A) Average impression score was 4.50 in the PPNN condition and 4.30 in the NNPP condition. Error bars represent standard errors 

and the score difference between two conditions was non-significant. (B) Trials were divided into positive trials, whose impression evaluation

scores were 5 or higher, and negative trials whose scores were 4 or less. Impression scores of negative trials were significantly lower

in the NNPP compared to the PPNN condition (p < .005). The impression scores of positive trials did not, however, show a significant

difference between the two conditions. (C) The average number of positive and negative trials was evenly distributed across conditions
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3.2.2. Order-sensitive voxels: First impression 

anchoring vs. impression adjustment

First, we were able to classify each voxel into an an-

choring vs. adjustment voxel based on which model it 

consistently fits better regardless of the condition. To 

identify how significant each voxel shows better fitting 

to a specific model, we conducted paired t-tests between 

every participant’s SSD for Model 1 and Model 2. If 

a voxel showed the activity pattern of Model 1 in both 

PPNN and NNPP conditions, the voxel was classified 

as being more involved in the anchoring to initial 

information. We found voxels within the bilateral superi-

or mOFC, middle mOFC, vACC, PCC, FG and AMG 

significantly fit Model 1 better than Model 2 (p < .05, 

Fig. 5(A)). Likewise, if voxel activity fit better to Model 

2 than Model 1 in both conditions, the voxel was classi-

fied as being recruited to adjust impressions based on 

conflicting information. Clusters in the bilateral dACC 

and lateral OFC were observed to fit Model 2 sig-

nificantly better than Model 1 (p < .05, Fig. 5(B)).

Voxel activity patterns identified with this analysis 

showed consistent sensitivity either to initial information 

(Model 1) or to conflicting information later provided 

(Model 2). These findings indicate that the identified voxel 

might be more involved with processing social information 

provided initially vs. later in the trial, regardless of the 

valence of information (i.e., positive vs. negative). Even 

though the entire analysis was conducted within each 

voxel, we found the interesting parcellation of the dorsal 

and ventral ACC, as well as the medial and lateral OFC.

3.2.3. Order-sensitive voxels whose activity influenced 

subsequent impression evaluation

We next focused on voxels whose order-sensitive activ-

ity pattern was associated with subsequent impression 

evaluation. If a voxel followed the activity pattern of 

Model 1 in the PPNN condition, and the subsequent im-

pression was evaluated positively (score 5 and higher), we 

classified the voxel as being more involved with anchoring 

the impression to the initial positive information. In paral-

lel, if a voxel fit into Model 1 in the NNPP condition, 

and the subsequent impression was evaluated negatively 

(score 4 and lower), the voxel was considered to be more 

active in anchoring the impression to the initial negative 

information. In case the voxel satisfied both scenarios, the 

voxel was regarded as being involved with anchoring im-

pressions to the initial information, regardless of its 

valence. We identified voxels within the bilateral vACC, 

PCC, FG, right superior mOFC and middle mOFC sig-

nificantly satisfied both cases (p < .05, Fig. 6(A)).

Next, we explored voxels whose activity increased in 

response to incongruent information and were likely to 

Region Laterality X Y Z Peak stat (t) Cluster

First two > Last two

Inferior OFC Left -54 24 -3 4.47 36

Inferior Occipital Gyrus Left -27 -87 -9 4.29 69

Fusiform Gyrus Right 27 -84 -9 4.15 36

Middle Occipital Gyrus Right 36 -87 0 3.70 36

Middle Occipital Gyrus Left -18 -102 0 4.09 47

Last two > First two

Middle Cingulate Cortex Right 6 -30 51 6.36 70

Paracentral Lobule Left -3 -30 51 4.37 70

Postcentral Gyrus Right 27 -36 57 5.02 70

Insula Right 45 -24 18 4.72 86

Cuneus Left -3 -84 33 4.45 84

Table 1. Brain regions showing significantly different responses to the first two information vs. last two inconsistent information

(p < .001 / 10 cluster extent, uncorrected)
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Fig. 5. Order-sensitive voxels: first impression anchoring vs. impression adjustment

(A) Voxels in the bilateral superior and middle mOFC, vACC, PCC, AMG, and FG were more involved in processing first impressions.

These voxels fit Model 1 better than Model 2 in both PPNN and NNPP conditions. Voxels that showed significant differences in the sum

of squared deviation between Model 1 and 2 are illustrated here (p < .05). (B) Voxels in the lateral OFC and dACC significantly fit into

Model 2 regardless of the condition (p < .05). Theses voxels were more involved in adjusting impressions based on new conflicting information

Fig. 6. Order-sensitive voxel activity influencing subsequent impression evaluation

(A) Voxel activity in the bilateral vACC, PCC, FG and right superior mOFC was significantly more recruited to anchor impressions

to initial information that has consistent valence with the subsequent impression evaluation (p < .05). (B) The lateral OFC and right

dACC were more involved with processing incongruence of social information and adjusting impressions (p < .05).
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be involved in adjusting impressions based on the new 

conflicting information. We identified voxels that 

showed a significantly better fit to Model 2 in the NNPP 

condition and positive trials (score 5 or higher), as well 

as in the PPNN condition and negative trials (score 4 

or lower). Voxels within the bilateral lateral OFC and 

right dACC were found to be recruited in adjusting im-

pression and influencing subsequent impression evalua-

tion (p < .05, Fig. 6(B)).   

3.2.4. Valence-sensitive voxels: Positive vs. 

negative valence

 

Next, we explored whether there were voxels whose 

activity specifically increased in response to either pos-

itive or negative information, regardless of when the in-

formation was presented. If a voxel showed the activity 

pattern of Model 1 in the PPNN condition, and switched 

its pattern to Model 2 in the NNPP condition, the voxel 

was classified as being involved with processing positive 

social information. Conversely, if a voxel fit into Model 

2 in the PPNN condition and switched its activity to 

fit Model 1 in the NNPP condition, the voxel was classi-

fied as being more involved with processing negative 

information. There were, however, no voxels that sig-

nificantly showed these patterns.

3.2.5. Valence-sensitive voxels whose activity 

influenced subsequent impression evaluation

We next examined voxels that fit into Model 1 in the 

Fig. 7. Voxels processing positive social information

Impression anchoring to positive information exclusively recruited voxels in the mOFC, PCC, FG, and right AMG (pink, p < .05). Positive

adjustment of initial impressions exclusively recruited voxels in the dACC (cyan, p < .05)

Fig. 8. Voxels processing negative social information

Impression anchoring to negative information mainly recruited voxels in the vACC (blue, p < .05). Negative adjustment of initial 

impressions exclusively recruited voxels in the lateral OFC (green, p < .05)
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PPNN condition of positive trials, but not in the NNPP 

condition of negative trials. That is, these voxels can 

be considered to be associated with anchoring effects 

exclusively for positively evaluated impressions, but not 

for negative impressions. We found that processing pos-

itive initial information and forming positive im-

pressions recruited voxels in the mOFC, PCC, FG, left 

AMG, and small clusters of the vACC (p < .05, Fig. 7). 

On the other hand, there were voxels that showed the 

activity pattern fitting Model 1 in the NNPP condition 

of negative trials, but not in the PPNN condition of pos-

itive trials. These voxels showed anchoring-related re-

sponses exclusively when subsequent impressions were 

evaluated negatively. A large number of vACC voxels 

showed the activity pattern associated with the negative 

anchoring effect. A small number of voxels in the PCC, 

mOFC and FG were also recruited for the anchoring of 

negative information (p < .05, Fig. 8). 

Lastly, we examined voxels that were more involved 

in adjusting impressions either in the positive or neg-

ative direction. We reasoned that voxels that fit into 

Model 2 in the NNPP condition of positive trials, but 

not in the PPNN condition of negative trials, would be 

specifically involved in the positive adjustment of 

impressions. Voxels in the dACC showed the corre-

sponding activity pattern related to positive adjustment 

(Fig. 7). In contrast, voxel clusters in the lateral OFC 

were involved with adjusting impressions in a negative 

way: these voxels fit to the Model 2 in the PPNN con-

dition of negative trials, but not in the NNPP condition 

of positive trials (Fig. 8).

4. DISCUSSION  

The present study collectively investigated temporal 

activity patterns of 5 ROIs in forming and adjusting so-

cial impressions. We established two hypothetical mod-

els representing either an increasing (i.e., impression ad-

justment) or decreasing (i.e., impression anchoring) pat-

tern of voxel activity. Although we focused on inves-

tigating voxel-level patterns of neural activity, our ex-

ploratory model-fitting analysis found that each ROI can 

be segmented into large clusters according to the voxel’s 

relative involvement in impression processing. These 

findings were above and beyond what we could find 

from the conventional approach of neuroimaging analy-

sis (i.e., univariate GLM). 

Our voxel-wise model fitting analysis allowed us to 

functionally parcellate the ACC. The dorsal part of the 

ACC was consistently found to be involved with detect-

ing incongruence of information, and adjusting im-

pressions based on new conflicting information. The 

ventral part of the ACC was relatively more recruited 

when impressions were anchored to initial information, 

especially when the subsequent impression was eval-

uated negatively. These results are in line with prior evi-

dence regarding the ACC segmentation that showed the 

dACC is more involved in monitoring unexpected and 

conflicted events, while the vACC is more involved in 

negative emotional control (Mohanty, Engels et al. 2007; 

Egner et al., 2008; Kolling et al., 2016; Shenhav et al., 

2016). The vACC is also known to be more activated 

when negative emotion is induced (Kanske & Kots, 

2011), which aligns with our findings that showed the 

consistent involvement of the vACC in processing neg-

atively valenced social information. Together, our find-

ings did not only support prior understanding of the dor-

sal and ventral ACC, but also generalized its parcellated 

functions to the context of impression processing.

Previous neuroimaging studies have extensively stud-

ied differential contributions of the medial vs. lateral 

OFC in various decision-making scenarios. The mOFC 

is more involved with detecting positive feedback and 

deciding to stay in the current situation, whereas the lat-

eral OFC is more involved in monitoring conflicts, shift-

ing decisions, changing behaviors, and reversal learning 

(Elliott et al., 2010; Hampshire et al., 2012; Mansouri 

et al., 2014). Our study also confirmed the differential 

role of the medial vs. lateral OFC, generalizing the func-
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tional segmentation of the OFC to the domain of im-

pression processing. In line with domain-general func-

tions of medial vs. lateral OFC, we also found that the 

mOFC was more involved in anchoring impressions to 

the initial information, while the lateral OFC was more 

recruited to adjust impressions in response to a reversal 

of information valence.  

The medial vs. lateral OFC also showed differential 

roles in processing positively vs. negatively valenced so-

cial information. A larger number of voxels in the 

mOFC showed greater activation to anchoring im-

pressions to positive than negative information. On the 

other hand, voxels in the lateral OFC were more likely 

to be recruited to adjusting impressions in a negative 

than a positive direction. This functional segmentation 

of the OFC in valence processing is also in line with 

prior understandings, which showed that the mOFC is 

more involved in processing positive outcomes, such as 

reward, and the lateral OFC is more involved in dealing 

with negative outcomes, such as punishment (Liu et al., 

2007; O'Doherty et al., 2001; O’Doherty et al., 2003). 

Again, we were able to generalize the functional parcel-

lation of the OFC to the domain of impression 

processing.

Next, there have been two accounts in regards to the 

role of the PCC in impression processing. One account 

argued that the PCC is more involved in the processing 

of first impressions, while the other account emphasized 

the role of the PCC in updating impressions 

(Mende-Siedlecki et al., 2012; Schiller et al., 2009). Our 

model-fitting analysis compared the relative involvement 

of the PCC in impression anchoring vs. adjustment and 

supported the first impression account of Schiller et al. 

(2009), in that the PCC showed a better fitting perform-

ance to Model 1 than Model 2. That is, the PCC was 

more recruited to process initial social information and 

form first impressions. We additionally found that some 

voxel clusters in the PCC were more involved in proc-

essing positive initial impressions, whereas some other 

PCC clusters were more involved in negative first 

impressions. This finding also aligns with Schiller et al. 

(2009), where the authors found the PCC was involved 

with processing information consistent with the first im-

pression, in both positive and negative directions.

Our AMG findings also supported the account of 

Schiller et al. (2009), where the authors demonstrated 

that the AMG was associated with processing first 

impressions. We found that the AMG was indeed asso-

ciated with processing initial social information, and the 

right AMG was especially sensitive in processing pos-

itive first impressions. The current study did not only 

replicate the first impression account of Schiller et al. 

(2009) but further specified the role of the right AMG 

in processing positively valenced initial information.

Finally, the FG has been implicated in forming first 

facial impressions (Grill-Spector et al., 2004; Kanwisher 

et al., 1997; Mende-Siedlecki et al., 2012; Sergent et 

al., 1992). Our analysis also demonstrated that the FG 

was more involved in anchoring impressions to the ini-

tial information, and further expanded the understanding 

of the role of the FG by using social information that 

was not limited to faces, but mainly focused on describ-

ing personality traits. We also confirmed a stronger in-

volvement of the FG in forming positive rather than neg-

ative impressions, although it was not possible to sepa-

rate the effects of faces from personality traits on form-

ing positive impressions.

Our findings should be interpreted with several 

caveats. First, we classified each voxel activity into a 

pattern of either anchoring or adjustment by comparing 

relative fit to hypothetical models. This relativity-based 

approach holds advantages of reducing false negative 

rates and increasing sensitivity in identifying the role of 

each voxel in processing impressions. The findings, 

however, cannot be interpreted as an absolute indicator 

that impression anchoring and/or adjustment actually oc-

curred in the brain.

Additionally, our behavioral data may not provide 

clear-cut evidence of how and whether anchoring and 

adjustment of impressions took place, especially because 
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participants evaluated impressions only once at the end 

of each trial. In other words, we did not behaviorally 

measure whether the perceived impression stayed the 

same (i.e., anchored) or adjusted when a series of incon-

sistent information was presented during the task. 

Rather, our primary focus was on 1) mapping how each 

voxel activity changed over the course of the pre-

sentation of incongruent descriptions of one person; and 

2) relating the temporal pattern of voxel activity to the 

subsequent impression evaluation to classify whether the 

voxel was more involved in anchoring or adjustment of 

impressions. 

Here, we can make evidence-based assumptions that 

the anchoring and adjustment of impressions sufficiently 

took place during our task, at least at the neural level. 

For example, Mende-Siedlecki et al. (2012) found that 

showing participants 3 positive descriptions of a person, 

followed by 2 negative descriptions (consecutively for 

6 sec each), or vice versa, elicited different neural re-

sponses in various brain areas to the first 3 information 

vs. last 2 information. As such, a wide range of prior 

impression studies has demonstrated that humans quick-

ly process social information and form/update social im-

pressions during neuroimaging based on fast-paced de-

scriptions of a person (for a general review, Mende- 

Siedlecki, 2018). Accordingly, we suspect that our social 

impression task also elicited salient transitions from pos-

itive (or negative) information to negative (or positive) 

information at least at the neural level, contributing to 

the anchoring and/or adjustment of social impressions.

Lastly, there were some limitations in the ex-

perimental design. Despite the use of 10 people’s aver-

aged faces as facial stimuli, an independent group of 

participants who rated the valence and arousal of face 

stimuli reported that they were influenced by facial at-

tractiveness and race in evaluating facial impressions. 

We could not, however, separate the effect of faces from 

the effect of trait descriptions in impression formation.

Despite the limitations, our study provides an addi-

tional insight into the neural correlates of impression 

formation by comprehensively examining five a priori 

ROIs using a novel model fitting approach. We classi-

fied each voxel based on the temporally varying ampli-

tude of its activity over the course of incongruent in-

formation being provided. The classification of each 

voxel resulted in a cluster-level segmentation of ROIs, 

all of which aligned with previous implications of each 

cluster in impression processing as well as their do-

main-general functions (e.g., dACC involved in im-

pression adjustment, aligning with its domain-general 

role in conflict monitoring). We also found evidence that 

our data-driven model fitting approach might show more 

sensitivity in detecting the role of each voxel in a certain 

socio-cognitive function, drawing a neural map of im-

pression anchoring vs. adjustment that could not be ach-

ieved from a conventional GLM analysis.

While our research focused on the temporally varying 

univariate activation within each voxel, future research 

can expand the understanding of the temporal dynamics 

of impression formation by delving into how brain areas 

interact with each other when processing social 

information. It is still underspecified how large-scale 

functional connectivity networks, which may include but 

not be limited to interactions between ROIs of the cur-

rent study, are involved in how humans form first im-

pressions and update them in social situations. 

Functional connectivity research in social recognition 

and judgment has mostly focused on understanding the 

neural underpinnings of face perception (e.g., 

Grill-Spector et al., 2017), but not in the specific context 

of assessing and updating collective social information 

(e.g., faces together with personality traits as in the cur-

rent study). For example, face perception recruits a dis-

tributed functional network in the brain (Foley et al., 

2012), encompassing bidirectional connections between 

the AMG and FG (Herrington et al., 2011), whose inter-

play increases when processing emotional faces (Fairhall 

& Ishai, 2007). Another line of evidence on social per-

ception and judgment has suggested that the prefrontal 

cortex, including the area of the OFC, plays an important 
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role in integrating affective and rewarding social in-

formation such as faces through its connections with the 

AMG (for review, Gangopadhyay et al., 2021).

Putting the pieces together, there is a little dispute that 

building expectations about social others and updating 

them are a crucial part of everyday social interactions. 

There is still a large gap, however, in the understanding 

of how the brain as large-scale distributed networks 

work together for anchoring and adjusting social 

impressions. The current study provides an initial insight 

into how various brain areas are comprehensively in-

volved in this important social process. Our findings 

suggest the possibility for future investigations to ex-

pand their focus to large-scale connections within and 

between brain areas for a more extensive understanding 

of temporal dynamics of social impression formation.
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