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Background: Neuroimaging studies have found a substantial overlap between self-related and

social cognitive processes. This study examines three different ways of conceptualizing a

person - one that requires considering how they are embedded in their social environment

(roles), one that requires considering their generalizedqualities (traits), andone that identifies

their relevant group memberships. To the extent that relational aspects of identity require

considering how a person is embedded in their social environment we should find greater

activation for role judgements in regions associated with social cognitive processes.

Methods: During fMRI scanning, 38 participants made stimulus judgments about them-

selves and a close other regarding the target’s traits, social roles, and group memberships

in a 2 (target of judgment) x 3 (stimulus category) within-participant design.

Results: Relatively greater activation in areas broadly associated with theory of mind and

mentalizing (e.g., PCC, TPJ) was found for social role, compared to trait judgments. By

contrast, trait judgments, compared to role judgments, activated regions associated with

semantic memory (e.g., IFG). Conjunction analyses showed that activations associated with

roles overlapped with regions associated with a meta-analytic map of mentalization,

judgments made about others, and stimuli reflecting higher social specialization, indi-

cating that roles may require considering how a person is socially embedded. Judgments

about group memberships were associated with brain regions found for both trait and role

judgments.

Conclusion: Our findings provide evidence for a distinction between two modes of social

reference - one that is relatively more associated with social relational processing (roles)

and that is relatively more dependent on semantic memory processes (traits). Given the

substantial overlap between the pattern of results for roles (relative to traits) and other

(relative to self), it may be the case that at least part of our representation of ourselves and

others may fundamentally require representing people as embedded in social networks.

© 2020 Elsevier Ltd. All rights reserved.
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1. Introduction

I am not what I think I am, and I am not what you think I am. I

am what I think you think I am.-Charles Horton Cooley (1964)

Our capacity to form sophisticated social groups has been

essential to our survival both individually and as a species

(Wilson & Sober, 1994). Coordination within these groups has

allowed us to surmount the difficulties posed to us as organ-

isms that are individually veryweak and physically vulnerable

relative to other large mammals (Beckes & Coan, 2011;

Berscheid, 2003; Coan & Sbarra, 2015; Fox, 1980). In addition

to avoiding annihilation, the formation of complex social

groups has afforded us our exceptional cognitive development

as a species. Not only does group size (and complexity) track

the development of neurological structures necessary for

complex cognition (Dunbar, 2009), but cooperation and

communication within social groups has allowed us to

collectively develop an enormous base of specialized knowl-

edge through the division of labor among individuals. Rather

than being isolated generalists, each tasked with finding our

own food, rearing our own young, and building our own

shelters, we are able to cooperate and specialize in a small

subset of the tasks necessary for survival (and even flourish-

ing) and ignore the rest, collaborating with others whose

specializations make up the rest of the division of labor

(Tomasello, 2014). Naturally, many of our present-day social

cognitive abilities can and have been traced back to their

adaptive function in promoting flexible cooperation, most

prominently our capacity to represent and predict the mental

states of others whose perspectives, beliefs, and skills differ

from our own (Whiten & Erdal, 2012). Here, we examine how

the processes used to understand the minds of others may be

involved in aspects of self-referenceein particular, under-

standing ourselves with respect to others.

In order to avoid ostracism and to contribute to and benefit

from the collective’s aggregated knowledge and skill base, it is

necessary to be able to not only model others’ mental states,

but also to take on the other’s perspective of oneself. This

means not only being able to conceptualize oneself as an

agent with its own persisting qualities, but to represent one-

self in relation to others in virtue of the specialized skills that

one is responsible for, as well as one’s adequacy as a member

of the group as a whole (Baumeister& Leary, 1995; Sedikides&

Skowronski, 1995). Critically, such a relational understanding

of oneself depends on a relational understanding of others

(Brewer & Gardner, 1996). Therefore, to the extent that un-

derstanding one’s social roles and obligations requires an

understanding of others, there may be overlap between the

cognitive and neural processes that are used to understand

others’ mental states and the ones needed to understand

one’s relational self.

Neuroimaging studies have hinted at an important link

between self-related and social cognitive processes for some

time (Gweon, Young, & Saxe, 2011; Happ�e, 2003; Keysers &

Gazzola, 2007; Vogeley et al., 2001). Critically, the regions

commonly identified to be associated with self-reference and
the retrieval of conceptual self-knowledge have also been

consistently reported in studies of mentalizing and other so-

cial cognitive functions. For example, although the medial

prefrontal cortex (mPFC) is well-known for its involvement in

self-processing (Craik et al., 1999; Johnson et al., 2002; Kelley

et al., 2002; Macrae, Moran, Heatherton, Banfield, & Kelley,

2004; Wagner, Haxby, & Heatherton, 2012), it is also impli-

cated in forming dynamic abstract social representations

(Krueger, Barbey, & Grafman, 2009) and in representing the

long-termmental states of others (Van Overwalle, 2009, 2011).

Likewise, regions commonly activated in tasks involving the

representation of other’s minds and of social situations more

generally, such as the bilateral temporoparietal junction (TPJ)

(Decety & Lamm, 2007; Molenberghs, Johnson, Henry, &

Mattingley, 2016; Saxe, Scholz, & Gabrieli, 2006), the poste-

rior cingulate cortex (PCC) and neighbouring precuneus

(Delplanque, Heleven, & Van Overwalle, 2019; Qin & Northoff,

2011) are frequently reported (but less frequently discussed) in

the same self-reflection studies described above (Brewer,

Garrison, & Whitfield-Gabrieli, 2013; Johnson et al., 2006; Lou

et al., 2004; Murray, Schaer, & Debban�e, 2012). Although this

overlap has been noted for some time, the cognitive mecha-

nisms that are responsible for this commonality remain un-

clear. One account suggests that there may be commonalities

in content, such that common mechanisms are applied to

construct representations of the self as well as others (Gweon

et al., 2011; Happ�e, 2003; Vogeley et al., 2001), especially

similar others (Keysers & Gazzola, 2007). A second account

suggests that this overlap indicates that the self-concept is

social in nature, such that close others in particular may be

partially or largely involved in one’s representation of oneself

(Jenkins, Macrae, & Mitchell, 2008). Linking both accounts is

the possibility that representing a person, whether oneself or

another, may at least partially involve representing how that

person is socially embedded.

Paralleling this, understanding that people are embedded

within social relationships, and that at least some aspects of

identity are fundamentally created with respect to others, has

a long history in sociology, philosophy, and social psychology.

Previous work has suggested that representations of oneself

and others aremultifaceted, rather than a unified essence as a

dynamic network of loosely connected processes and repre-

sentations (Gallagher, 2013; Markus and Wurf, 1987; Neisser,

1988). In tandem with these suggestions, Brewer and

Gardner (1996) proposed that there are at least three levels

of person representation serving different functions: the in-

dividual (the qualities thought to be inherent to oneself, more

or less independently of one’s surroundings or social context

(at least explicitly)); the relational (the relationships that one

has with close others and the roles taken on within those re-

lationships); and the collective (the larger social groups that

one belongs to) (Brewer & Gardner, 1996; Sedikides, Gaertner,

Luke, O’Mara, & Gebauer, 2013). These different aspects of

person representation likely involve distinct processes. For

example, considering the relational aspects of a person may

draw on mentalizing abilities in order to consider a person

from the perspective of others in their social group. Mean-

while, processing more individualized aspects may instead

require accessing and updating an abstracted time-

independent representation of a person that generalizes

https://doi.org/10.1016/j.cortex.2020.02.025
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across contexts. Overall, consideration of how individual and

relational aspects of person representation may implement

distinct processes has received less attention in social cogni-

tive neuroscience research.

Some initial support for the idea of a cognitive and neural

distinction between the processing of individual and rela-

tional aspects of person representations comes from work on

understanding differences in person construal between indi-

vidualistic (or independent) and collectivist (or interdepen-

dent) modes of thought in cross-cultural neuroscience.

Specifically, this work reveals that collectivists, compared to

individualists, may have more socially embedded conceptu-

alizations of themselves and others (see Chiao, Cheon,

Pornpattananangkul, Mrazek, & Blizinsky, 2013; Han &

Humphreys, 2016 for review). Neural evidence of this work

has found reduced differences between the neural represen-

tations of self and close others in individuals with more

collectivistic cultural values (Harada, Li, & Chiao, 2010; Wang

et al., 2012; Zheng, Xiao, Wei, & Chen, 2018; Zhu, Wu, Yang,

& Gu, 2016). Furthermore, these studies have found greater

activation of a region associated with perspective-taking (the

left TPJ) during self-reflection for those with more collectivist

cultural values, whereas those with more individualistic atti-

tudes show the canonical mPFC self-effect more strongly (Ma

et al., 2014; Sul, Choi, & Kang, 2012). Since collectivist cultures

may view relational aspects of person representation as more

relevant, collectivists may draw upon neural mechanisms

associated with mentalizing and ToM when processing the

self and the other. By contrast, since individualist cultures

may view intrinsic aspects of a person as more relevant, in-

dividualists may draw upon neural mechanisms associated

with semantic recall and construction of a summary repre-

sentation of an individual.

Thus, in lightof these considerationsasanecessaryfirst step,

the present study seeks to examine theneuralmechanisms that

are involved in processing different aspects of person repre-

sentation. Because most research on self-reference and person

representation has focused almost entirely on personality traits

(“Are you kind?”) (Fossati et al., 2003; Johnson et al., 2002; Kelley

et al., 2002), physical attributes (Jenkins&Mitchell, 2011;Kaplan,

Aziz-Zadeh, Uddin, & Iacoboni, 2008), or other personal identi-

fiers (Tacikowski et al., 2011), the present line of inquiry extends

previous work in social cognitive neuroscience by explicitly

considering the differences between different aspects of person

representation. Specifically, loosely borrowing from Brewer

(1996)’s tripartite model, in this paper we more directly

examine three aspects of person representation, examining

neural processing of individual, relational, and collective com-

ponents of identity for the self and others. Each of these com-

ponents was operationalized as a kind of stimulus judgement

thatparticipantsmadefor themselvesandaclose friendwhile in

an fMRI scanner. For the individual component of person rep-

resentation, participants judgedwhether they, aswell as a close

friend,weredescribedby traitdescriptors, as inpreviousstudies.

By contrast, for the relational component of person representa-

tion, participants judged whether they, in addition to their

friend, tookona list of social roleswithin their social groups (e.g.,

“[Someone who] organizes social gatherings”). Although we

were primarily interested in examining the differences between

traits and roles, to examine the collective aspect of person
representation from Brewer and Gardner (1996)’s model, partic-

ipants judgedwhether they and their friend belonged to a list of

social groups (for example, “conservatives”). By comparing

neural activations for each of these different aspects of person

representation, our aim is to gain insight into the mechanisms

involved in processing these different aspects of the self and the

other.
2. Materials and methods

2.1. Statement of transparency

We report how we determined our sample size, all data ex-

clusions, all inclusion/exclusion criteria, whether inclusion/

exclusion criteria were established prior to data analysis, all

manipulations, and all measures in the study. In adherence to

Transparency and Openness Promotion (TOP) guidelines,

materials, code and data are available at: https://osf.io/2kevz/.

All fMRI data is available in BIDS format athttps://openneuro.

org/datasets/ds002294.

2.2. Participants

46 healthy, right-handed, English-speaking volunteers

participated in the study. Data from 8 of these participants

was removed from analysis due to difficulty seeing or under-

standing instructions (3), technical difficulties with data

collection (2), unstable parameter estimates (2),2 and one

participant falling asleep in the scanner (1). With the excep-

tion of the two participants who had first level estimation

failures during analysis, the decision to exclude participants

occurred before analysis. Data from the remaining 38 partic-

ipants (16 male, mean age ¼ 19.7, range: (18, 31)) was used in

all analyses. Participant sample was very ethnically diverse

(29% East Asian, 23% South Asian, 16% White, 8% Black, 5%

Middle Eastern. An additional 21% reported themselves to be

mixed race, and one remaining participant opted not to

disclose their ethnicity. All participants gavewritten informed

consent prior to the study and received a reimbursement of

$20/h for their time. The study was approved by the Research

Ethics Board at the University of Toronto.

As this is our first study in this line of research, no aspect of

the study was preregistered and sample size was determined

using our laboratory norm of 40 participants for new designs

when effect sizes are unknown. All collected measures are

reported.

2.3. Scanning parameters and pre-processing

Scanning was conducted using a Siemens 3T Prisma Scanner

with a 32 Channel Headcoil at the Toronto Neuroimaging

(ToNi) Facility at the University of Toronto. Functional scan-

ning was prescribed parallel to the AC/PC line, and nearly

isotropic functional images were acquired using a multiband

gradient echo planar pulse sequence (54 slices; 2.5 mm thick;

https://osf.io/2kevz/
https://openneuro.org/datasets/ds002294
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TE: 26 ms; TR: 1500 ms; Flip Angle: 70�, iPAT acceleration

factor: 2; FOV: 220 mm). The first six volumes were discarded

to allow for T1 equilibration effects. Following functional im-

aging, a high-resolution T1 MPRAGE anatomical image (TE:

2.4 ms, TR: 2000 ms; FOV: 240 mm, Flip Angle: 9�, spatial res-
olution: 1 mm3) and a Siemens fieldmap were collected for

normalization and artifact correction.

fMRI data processing was carried out using fMRI Expert

Analysis Tool Version 5.98, part of FMRIB’s Software Library

(www.fmrib.ox.ac.uk/fsl). Before analysis, datawere corrected

for motion using MCFLIRT (Jenkinson, Bannister, Brady, &

Smith, 2002) and were spatial smoothed using a Gaussian

kernel of FWHM 5.0 mm. ICA denoising was conducted using

ICA-AROMA (Pruim et al., 2015) using the default settings.

Because we used ICA-AROMA, high-pass temporal filtering

was not performed during processing andwas instead applied

statistically during analysis. Registration to high-resolution

structural and standard space images was carried out using

FLIRT (Jenkinson et al., 2002; Jenkinson & Smith, 2001).

2.4. fMRI protocol: experimental task

The imagingstudyconsistedof4 fMRIruns,witheachrunlasting

approximately 8 min (355 volumes). Each run contained 10

blocks of 5 trials, with all trials of a given block having the same

judgment type (trait, role, or group) and the same judgment

target (self or friend). An even number of each block type was

presented in each run. For better estimation of the hemody-

namic response, a jittered fixation of 2000, 4000, or 6000mswas

presented between trials and blocks. At the beginning of each

run, the definitions of the different stimulus categories were

presented on the screen. A high-resolution structural scan was

conducted after the completion of the 4th run, as well as a

fieldmap.

EPrime 2.0 software (Psychology Software Tools, Inc., 2002)

was used for all stimulus presentation and data collection for

this part of the study. Each stimulus itemwas presented in the

center of the screen for 5 s, followed by the jittered fixation

described above. The experiment had three categories of

stimulus: traits (40), roles (40), and groups (20), for a total of 100

stimuli divided evenly into each block. ‘Trait’ stimuli were all

descriptors of relatively stable aspects of a person (e.g., ‘clever

and cunning’, ‘considerate and kind’, ‘dull, unintelligent’,

‘hedonistic and pleasure seeking’). ‘Role’ stimuli were verb

phrases describing specialized actions that individuals take on

in the context of a group (e.g., ‘organizes social gatherings’,

‘maintains society’s traditions’). ‘Group’ stimuli included

various demographic groups (ethnicity andgender), subcultural

stereotypes (e.g., “nerd”, “hipster”), as well as divisions specific

to the University of Toronto undergraduate population (e.g.,

“humanities majors”, “commuter students”). Stimuli were

generated by the experimenterswith the intention of creating a

stimulus set that was sufficiently variable and relevant to the

target population. The stimulus category (trait, group, or role)

and the person to be evaluated (self or friend) were stated at the

top of the screen. The screen background was gray and the

color of the text on the screen changed based on the condition

(stimulus category X person evaluated), to further reduce

confusion between conditions. The color of the stimulus text

for different conditions was randomized and counterbalanced
across subjects to minimize the risk of confounds arising from

differences in readability. Prior to entering the scanner, par-

ticipants were given specific definitions of what was meant by

the different stimulus categories (for example, that a role was a

specialization that allowed for others in the group to focus on

other tasks) and asked to write down the initials of the close

other that they would be evaluating throughout the study.

Although participants were asked to respond while the

stimulus was on the screen, participants could also respond

during the fixation that occurred before the presentation of

the next stimulus. Participants gave their responses using

button boxes held in each hand, with any button pressed

using one hand meaning ‘yes’ and any button pressed on the

opposite hand meaning ‘no’. The pairing between hand and

response (yes ¼ right, no ¼ left and vice versa) was counter-

balanced across participants.

2.5. Post-scan behavioral assessment

After completing the imaging portion of the study, partici-

pants completed a follow-up behavioral task in which par-

ticipants were asked four sets of questions about the trait and

role (but not the group) stimuli they saw during the imaging

task. Participants evaluated each trait and role stimulus on 2

controlmeasures: valence (‘All in all, it is good to be someone who

… ‘), the degree to which they had thought about having the

trait or role described by the stimulus (‘Prior to participating in

this study, I thought a lot about whether or not I was… ‘), as well as

how much they had thought about their chosen other having

a trait or role (‘Prior to participating in this study, I thought a lot

about whether or not my friend was … ‘). We will refer to this

latter variable as ‘thought-about’ for convenience. In addition,

participants evaluated each trait and role’s specialization (‘If a

few group members do this, it allows other group members to focus

on other things… ‘) to serve as a manipulation check in order to

track the degree to which role stimuli (differentially from trait

stimuli) fit our proposed definition of roles as socially

embedded specializations that individuals take on within a

group to allow for coordinated division of labor. After

answering these questions, participants also reported the type

of relationship they had with the chosen other (friend, family,

romantic partner, etc.), the closeness of their relationship, and

their estimated similarity with the close other on each of the

stimulus categories rated in the study (traits, roles, groups), as

well as providing basic demographic information. All re-

sponseswere given by pressing number keys 1 through 7, with

1 indicating strong disagreement with the statement and 7

indicating strong agreement. Inquisit 5, 2016 software

(Retrieved from https://www.millisecond.com) was used to

display all stimuli and record all data during this experiment.

2.6. Additional control measures

Following data collection, we collected additional metrics on

our stimuli to examine potential confounds or alternative

explanations for our findings. Specifically, we collected data

from 31 University of Toronto undergraduates (9 male, mean

age ¼ 19.9, range: (18, 22)) on our stimuli on three measures of

abstraction (intangibility, visualizability, generality), and two

additional measures of social relevance (familiarity,

http://www.fmrib.ox.ac.uk/fsl
https://www.millisecond.com
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centrality). Participants rated each of the following questions

on a 5-point Likert Scale (1 ¼ “not at all”, 5 ¼ “a great deal”):

2.6.1. Intangibility
How much is having or being a member of this group, role or

trait, something that exists simply as an idea, but doesn’t have

a physical, concrete, or tangible existence? Visualizability:

How easy is to visualize or imagine a person who has or is a

member of this group, role or trait?

2.6.2. Generality
How much is having or being a member of this group, role or

trait apply generally across situations, rather than applying to

a specific kind of situation? Familiarity: How often do you

encounter this group, role or trait in your everyday life?

2.6.3. Centrality
How central would having or being a member of this group,

role or trait tend to be to a person’s identity or how they define

themselves as a person?
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3. Results

3.1. Post-scan behavioral data

Consistent with our hypothesis that the social roles we selected

for the study requiremore specializationwith respect to others,

we found that the specialization ratings for roles was signifi-

cantly higher than for traits (t(37) ¼ 27.793, p < .001). We further

found that participants considered social roles to be more posi-

tive than traits (t(37) ¼ 15.492, p < .001), but that participants

spentmore timethinkingabout traits thanroles (F(1,37)¼218.29,

p< .001). Participants reported that they thoughtabout theirown

traits and rolesmore than their friends’ (F(1,37)¼ 97.27, p< .001),

although this difference was most pronounced with respect to

traits (F(1,37) ¼ 10, p < .01). Lastly, participants were faster to

answer questions about themselves than questions about their

friends (F(1,37) ¼ 459.208, p < .001) and were faster to answer

about group memberships than traits or roles (F(1,37) ¼ 13.266,

p < .001). The full set of behavioral results from our fMRI partic-

ipants is presented in Table 1.

Because of these differences between conditions, we

included covariates when appropriate to help rule out alterna-

tive explanations for our data. An examination of the additional

abstraction and social reference questions indicated that there

were no significant differences among trait, role, and group

stimuli for intangibility (F(2,29) ¼ 1.004, p ¼ .37), generality

(F(2,29) ¼ 1.97, p ¼ .307), familiarity (F(2,29) ¼ 1.622, p ¼ .203), or

centrality (F(2,29) ¼ 2.427, p ¼ .0937). A significant difference

between stimulus types was found for visualizability

(F(2,29) ¼ 11.95) with groups rated as being easier to visualize

than both traits (p < .001) and roles (p < .001), but critically, traits

and roles did not differ significantly on this measure (p ¼ .558).

See Table 2 for the full results.

3.2. Functional neuroanatomical data

For our primary analyses, first-level time-series statistical anal-

ysiswas carried out using 3dDeconvolve inAFNI (Cox, 1996). For
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Table 2 e Ratings of stimulus categories on 3 abstraction dimensions, familiarity, and identity centrality.

Trait Role Group

mean SD mean SD mean SD F-stat Sig.

Intangible 2.85 .27 2.84 .28 2.94 .34 1.00

Visualizable 3.33 .44 3.21 .45 3.86 .65 11.95 ***

Generality 3.17 .40 3.10 .35 3.26 .42 1.20

Familiarity 3.03 .44 2.97 .54 3.25 .85 1.62

Centrality 3.46 .54 3.45 .38 3.20 .46 2.43 .

4 This effect is also known to be attenuated for judgments of
close others in individuals from more collectivistic cultures, who
tend to have more interdependent self-construals (Harada et al.,
2010; Wang et al., 2012; Zheng et al., 2018; Zhu et al., 2016).
Notably, over 50% of our participant sample reported their
ethnicity as being East or South Asian). However, we are hesitant
to draw strong conclusions from these data, as ethnicity is an
imperfect approximation for culture, and our requirements for
English language fluency would bias our sample to including only
those who had lived in an Anglophone culture for long enough to
develop such fluency. A 1-way ANOVA comparing Self - Friend
difference scores across participants who reported their ethnic-
ities as South Asian, East Asian, or either Black or White showed
null results. Future studies will make sure to collect more precise
information on cultural heritage to account for this issue.

5 Although we did not find greater mPFC activation to Self than
Friend, therewasanareaofmedial frontal cortexthatwasgreater for
friend than self. It is important to note that the region identified in
this studywas locatedmore ventral and anterior than those that are
more reliably associatedwith self-reference in the literature (Denny,
Kober, Wager, & Oschner, 2012; Murray et al., 2012 (though see
(Heleven& VanOverwalle, 2019)).Rather than being associatedwith
self processing per se, this area appears to be more associated with
reward value and the affective salience of stimuli (Dolan, 2007;
Yanouskaya, Humphreys, Stolte, Stokes, Moradie, & Sui, 2017) and
socialcognitiveprocessing(Bicks,Koike,Akbarian,&Morishita,2015;
Lewis,Rezaie,Brown,Roberts,&Dunbar, 2011), possibly asa result of
its involvement in social reward processing (Levy & Glimcher, 2012;
Lin, Adolphs, & Rangel, 2012; Ruff & Fehr, 2014). Consistent with
the idea that the region identified heremay bemore associatedwith
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eachparticipant, effectsweremodeledby convolving theBLOCK

gamma hemodynamic response function against the pre-

processed data for each of the stimulus conditions and response

(yes vs. no) resulting in 12 sets of onsets: 2 (self:friend) * 3

(group:role:trait) * 2 (yes:no). Each responsewas timemodulated

by trial latency. To account for potential confounds in the data,

several additional regressors were added to account for the ef-

fects of non-interest. Specifically, we created four additional

parametricregressors thataccountedfor thevarianceassociated

with (a) how much participants had previously thought about

the trait or role for the self or friend, (b) the valence associated

with the trait or role, (c) the response latency for the trial, and (d)

theword lengthof thestimulus for that trial.A singleparticipant

mean-centered regressor was used for each potential confound

to account for effects equally across trial types. Each non-

response was modeled as its own nuisance regressor. Images

that hadgreater than6mmofmotionwere censoredduringfirst

level analysis.

Second-level analysis of the whole brain data was carried

out using 3DANOVA2, explicitly defining the 2� 3� 2 factorial

structure of the data with 11 planned orthogonal contrasts.

Using 3dClustSim to carry out Monte Carlo simulations to

correct for multiple comparisons at an alpha threshold of

p < .05 indicated that a cluster size of at least 66 contiguous

voxels at p < .001 was required for correction. All reported ef-

fects survive this criterion unless otherwise noted. 3dFWHMx

was used to determine average participant smoothness. To

examine the effect of judgment type, we decomposed the

variance using two orthogonal contrasts: one that compared

activation between trait and role judgments, and one that

combineddata fromall trait and role judgments and compared

it with activation during group judgments. All significant ac-

tivations are reported in Tables 3, 4 and 6 and plots of percent

signal change for all areas discussed for all conditions are

presented in Supplementary Figures 7 & 8. Separate plots are

presented for each condition, as well as aggregate plots for the

main effects of stimulus type and person type, to allow for

comparison across effects.

3.2.1. Self vs friend
To examine the potential overlap between the regions associ-

atedwith theprocessingof social roles and theprocessesused to

understand oneself and others, we examined the contrast

comparing activation to self and friend. In doing so, we found

greater activation for friend judgments than for self judgments

in several brain regions associatedwithmentalizing (Fig. 1A, see

Supplementary Figure 1,3), suchas thePCC, the bilateral TPJ, and
3 Figures with full set of axial slices are presented in the
supplementary materials.
the left anterior medial temporal gyrus. These findings are

consistent with the previous research that has found that the

PCC/precuneus is more active when making other judgments

than self judgments (Araujo, Kaplan, & Damasio, 2013; Murray,

Schaer, & Debban�e, 2012; Qin & Northoff, 2011). Similarly, bilat-

eral TPJ activation is often found in mentalizing or ToM tasks

where participants need to represent another’s mental states

(Molenberghs et al., 2016; Saxe, Moran, Scholz, & Gabrieli, 2006;

Van Overwalle, 2009).

Collapsing across judgment types, we found no areas with

significantly more activation for self than friend. Although the

mPFC typically activates more for self than other judgments

(Araujo et al., 2013), research that has used close others as a

comparison typically finds reduced effects (Jenkins et al., 2008;

Kreinen, Tu, & Buckner, 2010). This is important because

participants in our studywere specifically asked to rate a close

other rather than a celebrity or acquaintance4,5.

To further investigate these results, we re-examined the

degree to which the self > friend effect may differ between

judgment types. Most studies using similar paradigms have
general social cognitive processing, rather than self processing, we
foundsubstantial overlapbetween theNeurosynthmentalizingmap
(Yarkoni et al., 2011) and our Friend > Self contrast (p < .01, Fig. 3B).
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Table 3 e Areas of statistically significant BOLD activation for Friend vs. Self.

Self Peak coordinates t-statall t-statnone

Voxels Location (peak) Side t-statmain x y z

1433 Precuneus, PCC R �4.54 2 �60 26 �4.28 �4.39

420 mPFC, Frontal Pole R �4.11 12 54 �10 �3.76 �4.04

143 TPJ R �3.87 56 �68 26 �3.77 �3.68

117 TPJ L �3.99 �42 �66 24 �3.50 �3.93

111 Middle Temporal L �4.00 �56 �8 �14 �3.50 �3.88

Table 4 e Areas of significant BOLD activation for Roles vs. Traits.

Trait > Role Side t-statmain Peak coordinates t-statall t-statnone

Voxels Location (peak) x y z

3099 Superior Parietal Lobule, Lateral Occipital R 4.35 28 �68 42 3.25 4.97

2682 Inferior Temporal, Lateral Occipital Cortex L 4.26 �46 �64 �14 3.15 4.87

2189 IFG, Precentral Gyrus L 4.47 �48 8 24 3.61 4.77

1224 Precentral Gyrus, IFG R 4.18 42 8 26 3.44 4.51

257 Superior Frontal, ACC L 3.98 �6 20 50 3.08 4.37

181 Middle Frontal, Superior Frontal R 3.89 30 4 54 2.51 4.38

129 Superior Temporal, Planum Temporale L 3.92 �68 �26 6 3.41 4.29

100 Frontal Pole R 4.13 26 44 �20 3.72 3.87

75 Left VI, Left Crus I L 4.05 �6 �74 �28 3.51 4.88

69 Left Crus II, Left VIIb L 4.05 �28 �76 �52 3.26 4.33

Role > Trait

2251 Precuneus, PCC R �4.60 4 �58 20 �3.48 �4.31

2131 TPJ, Lateral Occipital Cortex L �4.43 �54 �70 24 �3.80 �4.46

876 TPJ, Angular Gyrus R �4.42 58 �64 26 �3.34 �4.28

683 Middle Temporal, Superior Temporal L �4.76 �50 �8 �18 �3.98 �4.65

574 Middle Temporal R �4.63 54 �6 �18 �3.71 �4.38

332 Subcallosal Cortex, ACC L �4.14 �6 28 �10 �2.57 �3.66

314 Superior Frontal, Middle Frontal L �4.24 �24 26 54 �3.43 �4.16

254 Middle Frontal, Superior Frontal R �4.06 28 30 48 �3.28 �4.10

232 Right Crus II, Right VIIb R �4.66 10 �88 �42 �3.34 �4.48

223 Frontal Pole, mPFC L �3.91 �4 60 �6 �2.51 �3.24

138 Left Crus II L �4.35 �16 �88 �42 �2.89 �4.04

119 Parahippocampal Gyrus, Temporal Fusiform L �4.43 �26 �34 �16 �3.45 �4.67

Table 5 e T-values for the RoleseTraits contrast at major ROIs of the Neurosynth mentalizing map.

Voxels Location (peak) Side Peak coordinates t-stat p-value

x y z

1511 medial PFC R 6 56 20 �1.16 n.s.

1262 TPJ R 54 �66 42 �2.26 .05

1133 Middle Temporal L �50 6 �32 �1.92 .1

1007 PCC/Precuneus R 2 �54 40 �4.27 .001

947 TPJ L �50 �56 20 �2.77 .01

663 Middle Temporal R 50 4 �32 �3.18 .01

590 OFC L �4 48 �18 �2.11 .05
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focused primarily on judgments of traits (Fossati et al., 2003;

Johnson et al., 2002; Kelley et al., 2002) and as such, it is

possible that the reported self-referential effects may be

restricted to some types of self-reference and not others. In

these additional analyses, no results survived our a priori cri-

terion, and so all results should be interpreted with caution.

When we examined the interaction of traits/roles with self/

friend, we found a region of mPFC significant at p < .005. For

this region, there was greater activation for self than friend for

traits, but greater activation for friend than self for roles (see
Supplementary Figure 2A). To further investigate this effect,

we plotted all voxels that showed a self > friend effect at

p < .05 for each of the three conditions in Supplementary

Figure 2B. When using this very lenient threshold, we find

that only the traits condition had some differentiation be-

tween self and friend. To the extent that these results can be

trusted, this may suggest that the robust self mPFC effect seen

in the literature (and typically examined with trait stimuli)

may critically depend on which aspect of self is being

considered.
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Table 6 e Areas of significant BOLD activation for Groups vs. Roles & Traits combined.

Group > (Trait þ Role) Side t-statmain Peak coordinates t-statall t-statnone

Voxels Location (peak) x y z

11468 Temporal Fusiform, Parahippocampal

Gyrus

R 4.72 26 �36 �18 3.98 4.81

11457 Temporal Fusiform, Parahippocampal Gyrus R 5.33 26 �36 �18 4.41 5.39

1860 Precuneus, PCC R 5.73 �8 �54 16 4.42 5.70

1668 TPJ, Occipital Pole L 6.08 �28 �86 32 5.14 6.24

1340 TPJ R 5.82 42 �62 48 5.14 5.97

388 Temporal Fusiform, Parahippocampal Gyrus R 6.25 26 �36 �18 5.24 6.11

376 PCC L 6.09 0 �38 36 5.00 6.01

188 Parahippocampal Gyrus, Temporal Fusiform L 5.81 �24 �32 �20 4.43 5.53

60 Hippocampus L 5.96 �18 �12 �22 4.49 5.72

1923 Middle Temporal, Inferior Temporal L 5.29 �60 �52 �10 4.53 5.48

1304 Inferior Temporal, Middle Temporal Gyrus R 5.55 64 �46 �14 4.72 5.60

946 Right Crus II 5.18 10 �86 �34 4.55 5.24

474 Right Crus II, Right VIIb R 5.02 36 �70 �48 3.97 5.06

52 Occipital Pole, Lingual Gyrus R 4.69 12 �90 �4 4.47 4.77

41 Temporal Fusiform, Inferior Temporal R 5.34 40 �16 �26 4.92 5.52

11662 Middle Frontal Gyrus, IFG R 4.67 42 30 26 3.78 4.75

3599 Middle Frontal Gyrus, IFG L 5.24 �44 24 26 4.07 5.29

2760 Middle Frontal Gyrus, IFG R 5.22 42 30 26 4.42 5.31

198 Orbitofrontal Cortex, Frontal Pole L 5.08 �40 34 �14 4.10 5.19

150 Frontal Pole L 4.64 �38 52 �6 3.29 4.41

695 Temporal Fusiform, Parahippocampal Gyrus L 4.18 �2 40 �14 3.36 4.05

670 Left Crus II, Left VIIb L 4.73 �38 �76 �50 3.88 4.84

524 Frontal Pole, Orbitofrontal Cortex R 4.58 36 36 �8 3.97 4.80

451 Frontal Pole R 4.11 30 56 �6 3.88 4.29

222 Left IX, Left VIIIb L 4.01 �6 �56 �48 3.20 4.09

204 ACC R 4.69 6 6 28 4.09 4.92

101 Thalamus L 4.11 �8 �16 14 3.26 4.37

87 Right X, Right VIIIb R 4.16 22 �44 �44 3.36 4.24

78 Frontal Pole L 4.34 �22 40 �26 3.03 4.36

(Trait þ Role) > Group

241 Precuneus, Lingual Gyrus L �4.22 �32 �54 2 �3.71 �4.24

111 Central Opercular, Planum Polare L �4.05 �50 �4 8 �3.29 �4.06
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3.2.2. Roles > traits
Compared with trait judgments, role judgments were asso-

ciated with relatively more activation in a large network of

areas previously associated with mentalizing and theory of

mind (Fig. 1B, Supplementary Figure 3). For example, the PCC/

precuneus has been repeatedly associated with reflection

upon the other (rather than the self) (Murray, Schaer, &

Debban�e, 2012; Qin & Northoff, 2011), and has been impli-

cated in a number of social cognitive processes, as well as in

episodic and autobiographical memory retrieval (Cavanna &

Trimble, 2006).6 There were also significant clusters of acti-

vation in the bilateral TPJ, which is thought to play a major

role in the representation of others’ mental states (Decety &

Lamm, 2007; Saxe et al., 2006), as well as in modeling more

transient mental states of others (contrasted with the mPFC,

which is thought to be involved in more abstract, temporally

extended person-representations; Van Overwalle, 2009).

Finally, roles more so than traits activated the left para-

hippocampal gyrus, which has been associated with episodic

(rather than semantic or self-conceptual) autobiographical

memory recall (Martinelli, Sperduti, & Piolino, 2012), as well
6 Although PCC is a neural correlate of distraction (e.g., Rajan
et al., 2019), the reaction time control used in this analysis
makes it unlikely that this explains present activation.
as bilateral anterior medial temporal gyrus, which is

frequently activated in mentalizing tasks and may be

involved in representing detailed information about others

(Ross & Olson, 2010; Schurz, Radua, Aichhorn, Richlan, &

Perner, 2014).

An examination of the maps associated with Friend > Self

and Roles > Traits indicates substantial overlap. To examine

this overlap empirically, we computed a conjunctionmap for

the friend and roles effects (each at p < .01). This conjunction

analysis retained regions of PCC/precuneus, bilateral TPJ,

middle temporal gyrus, orbitofrontal cortex, and para-

hippocampal gyrus (Fig. 2; Supplementary Figure 4). Criti-

cally, when computing a conjunction map between

Traits > Roles and Friend > Self, we found no regions of

overlap. This analysis provides additional support for the

hypothesis that the neural systems involved in the process-

ing of other people are also recruited in the processing of

social roles for the self and the other. In other words,

reflecting on social roles, whether it is one’s own roles or

another’s, may require a greater involvement of the capacity

to take on other perspectives than reflecting on traits. Given

this conceptual link to the processes associated with ToM

and person representation, we directly tested the similarity

between mentalizing and the greater activation to roles than

traits using ROIs generated from the Neurosynth Mentalizing
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Table 7 e Areas with significant correlation between specialization ratings and BOLD activation to role and trait stimuli.

Pos. Correlated Peak coordinates

Voxels Location (peak) t-stat Side x y z

968 Precuneus, Supracalcarine 5.75 N/A 0 �60 18

837 TPJ 6.11 L �36 �84 48

548 TPJ 5.37 R 58 �66 26

256 Superior Frontal, Middle Frontal 5.28 L �20 28 50

178 Parahippocampal Gyrus, Temporal Fusiform 6.08 L �28 �38 �14

176 Middle Temporal 5.84 L �62 �10 �18

154 ACC, mPFC 4.20 2 46 �8

128 Superior Frontal, Middle Frontal 4.91 R 24 30 48

105 Middle Temporal 5.04 R 64 �8 �14

Neg. Correlated

1844 Orbitofrontal Cortex, Frontal Operculum �6.03 L �38 26 �2

811 Superior Parietal �5.86 R 32 �66 38

618 Inferior Parietal, Occipital Fusiform �5.80 L �42 �66 �10

593 Superior Parietal, Angular Gyrus �5.34 L �28 �60 36

581 Inferior Parietal, Occipital Pole �5.48 R 30 �88 �8

264 Superior Frontal �5.67 L �2 20 60

226 Superior Temporal, Middle Temporal �5.70 L �52 �30 0

195 Occipital Fusiform, Temporal Fusiform �4.50 R 34 �64 �12

195 Precentral Gyrus, Middle Frontal �5.05 R 60 24 26

138 Orbitofrontal Cortex, IFG �4.96 R 46 28 �8

117 Right Crus II, Right Crus I �5.54 R 12 �78 �32

115 Occipital Pole �4.59 L �34 �96 �12

108 Superior Frontal �4.64 0 40 46

100 Superior Temporal, Middle Temporal �4.55 R 48 �28 0

91 Precentral Gyrus, IFG �4.77 R 40 8 26

87 Supramarginal Gyrus, Parietal Operculum �4.82 L �62 �44 24

78 Supplementary Motor, Superior Frontal �4.77 L �2 8 72

74 Middle Frontal, Precentral Gyrus �4.48 R 48 10 40
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meta-analysis map (coordinates from 151 studies in total)

(Yarkoni, Poldrack, Nichols, Van Essen, & Wager, 2011). With

the exception of the medial frontal cortex and a near sig-

nificant trend in the left middle temporal gyrus, all regions

defined from the mentalizing map showed greater activation

to roles than traits (Table 5). The conjunction between the
Fig. 1 e Contrast map showing activation (p < .001) for the (A) Fr

Groups > Roles, and (E) Groups > Traits effects. Statistical images

z ¼ 25 and z ¼ ¡16 (axial). Positive effects are plotted in hot col

featuring all axial slices are presented in the supplementary m
Roles > Traits contrast and the mentalizing map is presented

in Supplementary Figure 5.

3.2.3. Traits > roles
Compared to the role judgments, one of the largest areas of

activation for traits was in the bilateral inferior frontal gyrus
iend > Self, (B) Role > Trait, (C) Groups > Roles þ Traits, (D)

are presented on a default MNI brain at x¼ 0 (sagittal), and

ors, and negative effects are plotting in cold colors. Figures

aterials.
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Fig. 2 e Conjunction map showing areas significant at

p < .01 for the role > trait contrast in red, the friend > self

contrast in orange, and the conjunction in yellow. Images

are presented on a default MNI brain at x ¼ 0 (sagittal), and

z ¼ 25 and z ¼ ¡16 (axial).
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(IFG), an area that has previously been identified in tasks that

require semantic encoding of verbal stimuli (Buckner, Kelley,

& Petersen, 1999). Interestingly, this area is similar to the

area previously found by Kelley et al. (2002) to be associated

with trait judgments for self and other, more so than upper-

case and lowercase judgments. Trait judgments also involved

greater activation of the paracingulate gyrus, bilateral supe-

rior parietal lobe (SPL), and the inferior temporal gyrus.

3.2.4. Groups > roles and traits
Surprisingly, when comparing the activation to group judg-

ments to roles and traits, we found that group judgments

elicited activation in virtually all regions previously found

for traits and roles. This effect was so strong that when

using our a priori significance threshold of p < .001, the

Groups - (Traits þ Roles) contrast yielded two extremely

large clusters (>11000 voxels), one centered around the

precuneus (the posterior cluster) and one around the ACC

(the anterior cluster), as well as a handful of smaller clusters

located in the thalamus, cerebellum, and around the frontal

pole (Fig. 1C, Supplementary Figure 6). Two separate ana-

lyses comparing Groups > Roles and Groups > traits found

nearly identical results (see Fig. 2D and E, and

Supplementary Tables 1 and 2).
For interpretive purposes, we extracted separate masks

for the anterior cluster and the posterior cluster and re-ran

the same ANOVA using these masks before clustering with

a raised threshold of p < .0001 to further isolate peak acti-

vations. Doing so, the anterior cluster broke down into the

four clusters in the bilateral IFG, the frontal pole, and the

OFC, and the posterior cluster broke down into clusters in the

bilateral medial temporal gyrus, the occipital pole, and the

cerebellum, as well as another >10000 voxel cluster centered

around the precuneus. To extract peaks from this cluster, we

conducted the above procedure a second time using this

cluster as a mask, now thresholding at p < .00001. Doing so

revealed peak activations around the precuneus, PCC, bilat-

eral parahippocampal gyrus, and the hippocampus. Com-

mon regions activated between this contrast and in the

Roles > Traits contrast included the PCC/precuneus, the

bilateral parahippocampal gyrus, and the left superior fron-

tal gyrus, as well as some parts of the cerebellum. Common

regions activated between this contrast and in the

Traits > Roles contrast include the bilateral IFG, the medial

frontal gyrus, and the bilateral superior parietal lobule, as

well as other regions of the cerebellum. There were also

some activations that did not overlap with either the

Roles > Traits activations or the Traits > Roles activations,

but these were mostly larger spheres around the regions of

overlap with either contrast.

3.2.5. Relationship with specialization ratings
Social roles are defined, at least in part, as patterns of behavior

taken on by individuals in a group that allow other individuals

to attend to their own areas of expertise, allowing all group

members to build greater depth of knowledge than would be

possible were everyone be required to be generalists. To

examine brain areas that correlated with the degree to which

a stimulus reflecting a more specialized function in the group,

we repeated the 3dDeconvolve procedure used in our main

analysis (see section 3.2), only this time with only 4 sets of

onsets (2(self:other) * 2(group: trait þ role)), with response

time and word length for each trial controlled for as para-

metric regressors. Additionally, we added three parametric

modulators to each onset: response (yes vs no) and the mean-

centered specialization ratings. The coordinates of the regions

in which activation is positively and negatively correlated

with the specialization ratings are reported in Table 7.

As can be seen in Fig. 4, there was a high degree of overlap

between the brain regions associated with social roles and

with a trait or role stimuli being higher on social specializa-

tion. Higher specialization ratings corresponded to greater

activation of the PCC, the bilateral TPJ, the bilateral superior

frontal gyrus, and the right parahippocampal gyrus, whereas

lower specialization ratings corresponded to greater activa-

tion in the bilateral superior lateral occipital cortex, the

bilateral IFG, and the bilateral occipital fusiform/posterior

inferior temporal lobe. To further investigate this, we con-

ducted a conjunction analysis using a binary map of the re-

gions that were associated with higher specialization ratings

in this analysis and a binary map of the activations for our

Roles > Traits contrast in our last analysis, both thresholded at

https://doi.org/10.1016/j.cortex.2020.02.025
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Fig. 3 e (A) Conjunction map showing areas significant at

p < .01 for the role > trait contrast in red, the Neurosynth

mentalization map (FDR ¼ .01) in orange, and the

conjunction in yellow. (B) Conjunction map showing areas

significant at p < .01 for the friend > self contrast in red, the

Neurosynth mentalization map (FDR ¼ .01) in orange, and

the conjunction in yellow. Images are presented on a default

MNI brain at x ¼ 0 (sagittal), and z ¼ 25 and z ¼ ¡16 (axial). Fig. 4 e (A) Correlation map showing activation (p < .001)

that is significantly correlated with specialization

(p < .001). Positive effects are plotted in hot colors, and

negative effects are plotting in cold colors. (B) Conjunction

map showing areas significant at p < .01 for correlation

with specialization in red, role > trait in orange, and the

conjunction in yellow. Images are presented on a default

MNI brain at x ¼ 0 (sagittal), and z¼ 25 and z ¼ ¡16 (axial).
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p < .001, revealing a high degree of overlap between the two

(see Fig. 4). A similar conjunction analysis between the map

derived from the Traits > Roles contrast and specialization

revealed no common activations.

3.2.6. Additional control analyses
We conducted two additional sets of analyses to examine how

the inclusion of control covariates influenced the results.

Because some covariates were highly correlated with the

manipulated variables, we reran themain analyses using only

response latency and word length to ensure that collider bias

didn’t influence results. In a second analysis, we included the

additional 5 covariates (ratings of generality, tangibility, vis-

ualizability, familiarity and centrality) collected from our new

sample to examine how stimulus abstraction could account

for observed results. As can be seen in Tables 3, 4 and 6,

removing or adding covariates did not change any of our

substantive results.
4. Discussion

To successfully navigate our interconnected social environ-

ment, it is necessary to understand people not only in terms of

the general qualities that distinguish them as an individual, but

also in terms of how they are embedded within social re-

lationships. Because of this, some researchers have suggested
that, in addition to their individualized traits, a person needs to

be understood in terms of the roles that they take on within a

network of close relationships (the relational self), and their

affiliation with various groups (the collective self) (Brewer &

Gardner, 1996). The present work sought to investigate the

consequences that this has on our neural representations of

self and other by examining the patterns of activation arising

from reflection on each of these aspects of a person. This work

suggests that reflection upon the individual and relational

identities of a person depend to different degrees on brain re-

gions involved in semantic processing and perspective-taking,

respectively. Judgments concerning the collective identities of

a person may make use of both of these networks, over and

above the degree towhich they are engaged in judgments about

individual and relational identities.

Thedifferencesobserved in the regionsactive inmaking trait

and role judgments may be the product of a difference in the

underlying processes supporting them, with roles in particular

being distinguished by their greater reliance on mentalizing

abilities. In order to understand a person’s placewithin a group,
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be it one’s own or another’s, it may be necessary to understand

the expectations and perspectives of other individuals in that

group. Although it is true that the representation of a person’s

traits also occurs within a social context and thus will be influ-

enced by their reputation within a group, a person simply

cannot take on a role without the consent and cooperation of

other group members.7 For example, one cannot announce

themselves as “someone who organizes social gatherings” if

nobody ever comes to their parties. This interpretation is firstly

supported by the similarity between the activations observed

for role (as opposed to trait) judgments in this study, and those

observed in studies of perspective-taking and ToM. A major

significant cluster of activation for roles included the PCC and

adjacent precuneus regions that have been implicated in rep-

resenting mental states, including others’ beliefs (e.g., Saxe &

Powell, 2006; Schurz, Aichhorn, Martin, & Perner, 2013), per-

spectives (e.g., Vogeley et al., 2004), emotions (e.g., Maddock,

1999), and intentions (e.g., Walter et al., 2004), as well as form-

ing impressions of others (e.g., Kuzmanovic et al., 2012).

Consistent with this narrative, an overlapping set of processes

relevant to representing theminds of others has been linked to

the bilateral TPJ, including perspective-taking (e.g., Zacks,

Vettel, & Michelon, 2003), understanding others’ intentions

(e.g., Young, Dodell-Feder, & Saxe, 2010), beliefs (Jenkins &

Mitchell, 2009, as well as other mental states (e.g.,

Molenberghs et al., 2016; Saxe & Wexler, 2005). Furthermore,

bilateral activation in the anterior medial temporal gyrus over-

laps with regions associatedwith processing beliefs, intentions

and detailed information about others (Ross & Olson, 2010;

Schurz et al., 2014). Together, this research indicates that each

of these regions may indicate a set of processes needed for

representing others’ mental states, and therefore supports the

suggestion that the role-relevant activation of these regions

reflects the engagement of necessary perspective-taking

processes.

Further evidence for the idea that the processing of social

roles requires more mentalizing comes from the strong

overlap observed between our Roles > Traits findings and the

Neurosynth mentalizing map (Yarkoni et al., 2011). Indeed,

using the Neurosynth ROIs, all but one regionethe medial

prefrontal cortexeshowed significantly greater activation for

roles than traits. This is additionally supported within our
7 Though we find evidence indicating that roles on average may
recruit areas specific to mentalization more so than traits, it must
be also noted that some traits are highly socially embedded. For
example, in order to determine whether someone is “considerate
and kind”, one must necessarily take into account how one re-
lates to others. In addition, one must potentially take into ac-
count other’s perspectives of that person, since others are better
judges of such highly evaluative traits than oneself (Vazire, 2010).
Indeed, prior research has found that social (in distinction from
competent) traits are classified in mentalizing regions, including
regions implicated in processing roles in the present study, such
as the TPJ and inferior temporal and parietal cortex (Van
Overwalle, Ma, & Baetens, 2016). This possibility is an inter-
esting extension of our hypothesis, as understanding a person’s
socially embedded nature is presumably not limited to the
specialized actions they take in relation to others, but also in-
cludes the features and identities taken on in the context of
relating to others. Future work is needed to explore this
possibility.
own data by the near-identical pattern of results observed

between the Role > Trait contrast and the Friend > Self

contrast, as it can be assumed that in most cases, making

judgments about others may rely more on mentalizing com-

putations than making judgments about ourselves. Consis-

tent with the idea that the processing of traits involves the

retrieval of more generalized semantic information than

roles, and are on average less socially situated, we found the

largest effects for trait activation (relative to roles) in the

bilateral inferior frontal gyrus. These regions have been

associatedwith higher-order semantic representations (Demb

et al., 1995), and have been shown to be involved in the

encoding of abstract concepts (Shallice & Cooper, 2013) and

the semantic content of words (Cappa, 2008). Interestingly,

this region of frontal cortex is the same region Kelley et al.

(2002) found associated with both self and other judgments,

but not with uppercase and lower-case judgments and was

interpreted as reflecting semantic depth-of-processing. Using

similar logic here, this may reflect the degree to which traits

involve a more semantic representation of a person that can

be easily retrieved and used for judgment (see Packer &

Cunningham, 2009 for a similar argument).

One of the more surprising findings emerging from this

study was the degree to which group judgments activated

areas associated with both traits and roles, as well as the rest

of the self and social cognition networks. Although further

research is needed, it is possible that groupmembership plays

an even larger role in identity than was previously thought

(Van Bavel & Cunningham, 2010). Group memberships may

set the relative frame of reference within which we make

comparisons about a person’s traits and competencies. In the

case of self-identity in particular, the influence of group con-

cepts on trait judgments about oneself has been demon-

strated in the behavioral literature, as individuals are faster to

make trait judgments about themselves that are congruent

with their concept of their ingroup (Smith&Henry, 1996). This

interpretation converges with that of Van der Cruyssen,

Heleven, Ma, Vandekerchkhove, & Van Overwalle (2015),

who found stronger activations for group-related, as opposed

to trait-related, information about others in mentalizing re-

gions. As such, the magnitude of our main effect for groups

above and beyond traits and roles, and its overlap with both

our role- and trait-related activations, may signify the

importance of group representations of ourselves and others

in representing individual, relational (and potentially other)

aspects of identity (Deplanque, Heleven & Van Overwalle,

2019; Morrison, Decety, & Mohlenberghs, 2012). That being

said, we are hesitant to over-interpret these findings, as the

primary analysis of interest in this study is the contrast be-

tween roles and traits, with the inclusion of groups being

more for the sake of symmetry with Brewer and Gardner

(1996)’s tripartite model.

4.1. Unpacking aspects of person representation

Ever since researchers identified the large-scale networks

associated with social cognitive processes, they have sought

to better understand the contributions made by individual

regions in these networks, and to isolate the component

processes that are used to meet the computational demands
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of social living. For example, posteromedial regions have

been implicated in reflecting on one’s duties and obligations

(as opposed to on one’s hopes and aspirations) (Johnson

et al., 2006; Strauman et al., 2013), as well as in attributing

responsibility for the outcomes of social events (Cabanis

et al., 2013; Kestermont, Vandekerchkove, Ma, Van Hoek, &

Van Overwalle, 2013; Seidel et al., 2010; Sperduti, Delaveau,

Fossati, & Nadel, 2011). Along a similar line, posteromedial

regions have also been implicated in reflecting upon more

proximal vs distal versions of oneself (Packer& Cunningham,

2009), while the anterior temporal lobe is implicated in

storing knowledge of social scripts, such as knowledge of

rules and social etiquette (Molenberghs et al., 2016; Ross &

Olson, 2010; Schurz et al., 2014) that may then be applied to

make moral and normative judgments (Moll, Zahn, de

Oliveira-Souza, Krueger, & Grafman, 2005). At the same

time, the rTPJ has been linked to explicit mentalization

processes like making causal intention-based inferences

(Murdaugh, Nadendla, & Kana, 2014) and representing

explicit beliefs when contrasted with preferences (Jenkins &

Mitchell, 2009). Indeed, many of these regions, particularly

the PCC/precuneus and TPJ, have been proposed to be parts

of a more “cognitive” network involved in the explicit

modeling of the minds of others, that is often contrasted

with a more “affective” network involved in processing more

simulation-based lower-order visceral states (Carrington &

Bailey, 2009; Frith & Frith, 2006; Keysers & Gazzola, 2007;

Molenberghs et al., 2016; Saxe, 2005, 2006; Van Overwalle &

Baetens, 2009).

The present study builds on this research by examining

the differences in recruitment of these networks arising

when more vs. less socially embedded aspects of the person

are under consideration. Furthermore, it provides support

for the idea that, at least for the self and close others, some

aspects of person representation may be more reliant on the

representation of others’ perspectives in order to assess the

degree of social validation of the individual’s identity or

role. This insight connects to previous work in social

cognitive neuroscience that indicates that secure, fulfilling

social connections may be so critical to human functioning

that people monitor their social relationships for signs of

rejection in the same way that they monitor for potential

dehydration, starvation and physical pain (Coan & Sbarra,

2015; Eisenberger, 2012; Eisenberger, Lieberman, &

Williams, 2003; Hawkley & Cacioppo, 2010; Lieberman &

Eisenberger, 2015). Along similar lines, studies have shown

that in the presence of a close other, the brain down-

regulates threat sensitive and self-regulatory neural acti-

vation, indicating that we see close others as a crucial

supplement to our own bioenergetic resources (Coan &

Sbarra, 2015). At the same time, others have suggested

that humans have a fundamental “belongingness need” to

which our self-worth is intimately tied (Baumeister & Leary,

1995). Together, this research indicates that a social envi-

ronment may be assumed in the basic functioning and

experience of the self and that, therefore, this same social

ecology is assumed when we construct representations of

others, and ourselves.

Thus, such a relational understanding may be necessary

in forming and determining our own identity, motivations
and obligations. This line of reasoning also converges with

that of early 20th century sociology of the self. Notably, it

connects to George Herbert Mead’s (1934) ambitious propo-

sition that self-reflection is only possible as a consequence of

learning to take the perspective of the other in social in-

teractions, and Charles Horton Cooley’s (1964) notion of the

“looking-glass self”, wherein individuals are thought to be

constantly in the process of constructing a self in service of

meeting and responding to others’ perspectives and expec-

tations of one’s actions. As such, many essential aspects of

our self-concept must be contingent on our embeddedness

within the social world. Together, this research suggests that

we assume, as a baseline, the availability of a network of

close and interdependent relationships within which we

may define ourselves with roles and identities. Given that

identity serves to connect the individual with society, this

implies that the self-concept must be, at least in part, rela-

tional in nature, and may require the representations of

others within the self.

4.2. Potential domain general processes in social
cognition

Although the difference between role-related and trait-

related activations is consistent with the interpretation

that socially embedded aspects of identity require more

mentalization and individual aspects are more reliant on

semantic processing, further investigation is needed to

clarify the component processes of role and trait judgments.

Specifically, the hypothesis that ‘mentalizing’ is the primary

process underlying these effects must be considered in the

context of the possibility that these effects are explained by

broader cognitive processes. Such consideration is critical

given current research finding evidence of domain general

processes that underlie social cognition. For example,

recent work provides some indication that social processing

in posteromedial cortex and rTPJ may rely on the same

mechanisms as spatial and motor intention, with these

evolutionarily older mechanisms potentially being applied

to create complex online representations of one’s internal

and social environments (Brewer et al., 2013; Cavanna &

Trimble, 2006; Van Overwalle, 2009; Mitchell, 2008).

Another possibility is that role-related activity in mental-

izing regions may be explained by processing of abstract

stimuli. Recent work has shown that many regions canoni-

cally associated with mentalizing and social processing

(including the posteromedial regions associated with role

judgments in the present study) are also active when pro-

cessing non-social information at a high level of construal,

suggesting that these regions might be involved in domain-

general high-construal processing, rather than in social pro-

cessing specifically (Baetens,Ma, Steen&VanOverwalle, 2013;

Baetens, Ma, & Van Overwalle, 2017). According to Construal

Level Theory (CLT), representations that are more generaliz-

able to different situations are considered to reflect high-level

abstract construals, whereas representations that are more

situationally dependent are considered to be low-level con-

crete construals (Trope & Liberman, 2010). Since traits are

abstract features that describe a person across contexts,

whereas roles are concrete behaviors taken on in the context
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of the group, traits may be considered more generalizable and

thus processed at a higher level of construal than roles, under

CLT. Thus, we should find that areas associated with high

construal, including regions in the posteromedial cortex,

parahippocampal gyrus and the dmPFC cortex would be more

associatedwith trait than role judgments (Stillman et al., 2017;

Baetens et al., 2013; Baetens et al., 2017). However, although

this is a compelling potential re-explanation, our data find the

opposite pattern of resultseroles were more associated with

many of these “high construal” areas.

However,CLT isnot theonlyconceptualizationofabstraction

in the literature, and other interpretations might define roles as

being more abstract than traits. In particular, the pattern of re-

sults in the present study could also be reinterpreted according

to Action Identification Theory, in which a mental state is

definedasbeingmoreabstract if it concernsanunderstandingof

why an event has occurred as opposed to how it happened

(Vallacher & Wegner, 1987). Since role judgments require

considering one’s actions in the context of the rest of the group,

such judgments may require understanding the motivations

that underlie one’s actions, as well as the effect that this action

hasonothers.Thus, thementalizationprocesses involved inrole

judgments may be indicative of “why” processing above and

beyond those of trait judgments. Indeed, because we used verb-

ladenstimuli forour social role judgments (andnouns for groups

and adjectives for traits8), understanding the intentions behind

anactionmayplayasignificant role inunderstandingembedded

social relationships in general. Together, these considerations

indicate the possibility that although role judgments may

requirementalization,mentalizing itselfmaybebuiltuponmore

general processes of abstraction. Indeed, becausementalization

by definition requires abstraction, additional research will be

needed to better understand the nature of the types of poten-

tially domain general abstraction required for different types of

mental inference.

4.3. Self-specificity

In the present study, we did not find evidence for the canonical

self-referenceeffect inthemPFC,nordidwefindanyregions that

were significantly more active for reflection on the self rather

than on the friend. Although the mPFC effect for self > other is

often replicated, the size of this effect decreases with psycho-

logical closeness (Jenkins et al., 2008; Krienen, Tu, & Buckner,

2010). Thus, because we used a close friend for the comparison,

it may not be surprising that we found non-significant effects.

That said, when we considered traits, roles, and groups sepa-

rately, we did find some weak evidence of greater self > other

activation in themPFC, but no differences or a reversal for roles

or groups. From this, it is possible that the self-referential effects

are largest for trait information, and less pronounced for more
8 The brain regions associated with parts of speech have found
that verb processing has typically been associated with activation
in the IFG (where we find activation associated with traits) and
noun processing is typically associated with activation in parietal
areas (where we find activation associated with roles) (Bedny,
Caramazza, Grossman, Pascual-Leone, & Saxe, 2008; Moseley &
Pulvermüller, 2014; Perani et al., 1999; Pulvermüller, Lutzen-
berger, & Preissl, 1999). This contrast makes a low level syntactic
processing account less likely.
sociallyembeddedrepresentations likerolesandgroups.Further

research varying the psychological distance of the target other

will be necessary to examine this hypothesis.
5. Summary

Together, our results indicate differences in neural regions

associated with trait, role and group judgments, which likely

reflect the different considerations necessary when reflecting

upon different aspects of identity. Regardless of whether the

judgment is about self or other, social role judgments recruit

areas associated with ToM and mentalizing, whereas trait

judgments recruit areas associated with abstracted memory

retrieval. Not only do these results indicate reflecting on self

and other may share common mechanisms, but these differ-

ences follow the proposed distinction between a relatively

more socially embedded understanding of a person and a

more individualized form that is less dependent on the per-

spectives of others.
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