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Activity in ventromedial prefrontal cortex during
self-related processing: positive subjective value
or personal significance?
Kyungmi Kim and Marcia K. Johnson
Department of Psychology, Yale University, New Haven, CT 06520-8205, USA

Well-being and subjective experience of a coherent world depend on our sense of �self� and relations between the self and the environment (e.g. people,
objects and ideas). The ventromedial prefrontal cortex (vMPFC) is involved in self-related processing, and disrupted vMPFC activity is associated with
disruptions of emotional/social functioning (e.g. depression and autism). Clarifying precise function(s) of vMPFC in self-related processing is an area of
active investigation. In this study, we sought to more specifically characterize the function of vMPFC in self-related processing, focusing on two
alternative accounts: (i) assignment of positive subjective value to self-related information and (ii) assignment of personal significance to self-related
information. During functional magnetic resonance imaging (fMRI), participants imagined owning objects associated with either their perceived ingroup
or outgroup. We found that for ingroup-associated objects, vMPFC showed greater activity for objects with increased than decreased post-ownership
preference. In contrast, for outgroup-associated objects, vMPFC showed greater activity for objects with decreased than increased post-ownership
preference. Our findings support the idea that the function of vMPFC in self-related processing may not be to represent/evaluate the �positivity� or
absolute preference of self-related information but to assign personal significance to it based on its meaning/function for the self.
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INTRODUCTION

As William James (1890/1983, p. 289) noted, individuals place an

“altogether unique kind of interest” on aspects of the world that one

can call ‘me or mine’ compared to those that are ‘not me or not mine’.

Neuroimaging studies consistently show that contemplating the ‘me or

mine’ aspects of the world (i.e. self-related processing) such as one’s

personality traits recruits the ventromedial prefrontal cortex (vMPFC)

(Northoff et al., 2006; Lieberman, 2010; Wagner et al., 2012).

Furthermore, hyper- or hypoactivity in vMPFC during self-related

processing is one of the characteristic features of patients with dis-

orders in social and/or emotional processing (e.g. depression:

Johnson et al., 2009; Sheline et al., 2009; autism: Lombardo et al.,

2010). Yet, despite substantial evidence implicating vMPFC in self-

related processing, there is as yet no consensus about the precise

function of this region in such processing. Understanding the specific

function subserved by this region during self-related processing should

contribute to illuminating not only healthy but also dysfunctional

mechanisms of self-related processing.

Across various domains, vMPFC activity has been associated with

the ‘positivity’ of experiences (e.g. fear extinction: Milad et al., 2007;

positive reappraisal success: Wager et al., 2008). In particular, vMPFC

has been shown to reflect subjective value of various types of stimuli

ranging from food to social reward (Peters and Büchel, 2010; Rangel

and Hare, 2010). Thus, one possibility is that vMPFC activity during

self-related processing reflects assignment of positive subjective value

to self-related information by virtue of its self-relatedness. An alterna-

tive is that vMPFC assigns personal significance to information

by evaluating its meaning/function for the self (D’Argembeau, 2013).

In this case, vMPFC activity would not necessarily always be associated

with positive subjective value of self-related information. Some sup-

port for this view comes from evidence that vMPFC activity tracks the

level of self-relevance of items rather than the positive valence of items

per se. For example, Phan et al. (2004) found that participants’ ap-

praisal of personal relatedness of pictures varying in emotional valence

engaged vMPFC, and the amount of vMPFC activity tracked individ-

uals’ reported level of personal relatedness to both positive and nega-

tive affective pictures. Similarly, using positive and negative trait

adjectives, Moran et al. (2006) found that activity in vMPFC was

greater for trait adjectives that people judged as more self-descriptive

compared to less self-descriptive regardless of the valence of the traits.

However, these findings cannot conclusively rule out the possibility

that vMPFC activity during self-related processing reflects positive sub-

jective valuation of information by virtue of its self-relatedness. That is,

vMPFC activity could, in part, reflect assignment of greater positivity

to both positive and negative stimuli as a result of their associations

with the self. To dissociate activity reflecting assignment of personal

significance from activity reflecting assignment of greater positivity

arising from self-relatedness, it is necessary to examine changes in

the subjective value of items from before and after they acquire self-

relevance.

We tested these alternatives (i.e. positive subjective valuation vs as-

signment of personal significance) by contrasting contexts in which

self-relevance of stimuli is likely to yield positive vs negative subjective

values. We started with the idea that ‘mineness’ accrues to aspects of

the environment or experiences relevant to oneself, ‘expanding’ the self

beyond the physical body (Belk, 1988; Aron et al., 2004). We based our

study on recent findings (Kim and Johnson, 2012, 2013) that vMPFC

activates when people assign ‘mineness’ to everyday objects by imagin-

ing owning those objects, and that vMPFC activity is associated with

more favorable evaluation of ‘self-owned’ objects compared to identi-

cal objects that are not owned (i.e. the mere ownership effect; Beggan,

1992). In the current study, during functional magnetic resonance

imaging (fMRI), participants imagined owning objects that were
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described to be ‘currently owned and highly valued by’ either their

perceived ingroup or outgroup.

The classic literature on social categorization, in particular on social

identity (Wilder and Allen, 1978; Branscombe et al., 1999; Brewer,

1991, 1999), suggests that individuals are motivated to assimilate

with their ingroups (‘I’m like us’) and to differentiate themselves

from outgroups (‘I’m not like them’). Furthermore, recent findings

show that non-verbal behaviors of others typically associated with

feeling of interpersonal warmth (i.e. mimicry) can trigger the experi-

ence of physical coldness when displayed by one’s outgroup (i.e. an

individual from a different racial group than one’s own; Leander et al.,

2012) and that a neurophysiological index of spontaneous mirroring of

others’ movement (suppression of mu rhythm) significantly decreases

when the movement is delivered by someone with whom an individual

exhibits no or minimal desire for social connection (Aragón et al.,

2013). Such findings provide further evidence of individuals’ assimi-

lation vs dissimilation motivations toward ingroups vs outgroups.

Based on such results, we predicted that individuals’ motivation to

assimilate with the ingroup and to differentiate themselves from

the outgroup would produce more favorable evaluation of ingroup-

associated objects and less favorable evaluation of outgroup-associated

objects from before to after ownership imagination.

Our design allowed us to ask whether vMPFC is differentially re-

sponsive when people form associations with ingroup- vs outgroup-

associated objects through ownership and, more important, how

vMPFC activity relates to preference changes from pre- to post-own-

ership. If vMPFC assigns positive subjective value to information by

virtue of its self-relatedness, then post-ownership preference increase

should be related to greater vMPFC activity regardless of an object’s

association with one’s ingroup or outgroup. Alternatively, if vMPFC

assigns personal significance to self-related information by evaluating

its meaning/function for the self, then the relationship between vMPFC

activity and post-ownership preference change should depend on

whether objects are associated with an ingroup or outgroup. That is,

the personal significance of assimilating with one’s ingroup should be

reflected in greater vMPFC activity associated with preference increases

from pre- to post-ownership. In contrast, the personal significance of

differentiating from one’s outgroup should be reflected in greater

vMPFC activity associated with preference decreases from pre- to

post-ownership.

METHODS

Participants

Twenty-four healthy, right-handed adults (14 female; mean

age¼ 21.67� 3.23) participated. Participants provided informed con-

sent and were compensated in accordance with the Yale University

School of Medicine Human Investigation Committee.

Experimental procedure

There were three within-subjects conditions defined by whether the

objects were associated with (i.e. ‘currently owned and highly valued

by’) a person perceived to be one’s ingroup or outgroup (Ingroup and

Outgroup conditions), determined post-experimentally based on par-

ticipants’ rating of their similarity to each person and their perform-

ance on the Implicit Association Test (IAT; Greenwald et al., 1998), or

whether the objects were associated with a computer (Computer con-

dition). Participants were told that the purpose of this study was to

explore whether people process objects differently according to

whether objects are assigned to them by human agents or by a non-

human agent (computer), and whether having some basic information

about individuals assigning them objects affects brain activity as they

imagine owning the objects. We told participants that to prepare for

this study we ran an online survey involving many people where we

showed pictures of everyday objects of various price ranges and asked

them to pick out items within each price range that they currently own

and highly value. Participants were told that they would see pictures of

objects that were picked out by two of these individuals of the same

gender as them, along with other objects picked out randomly by

a computer.

Before entering the scanner, participants rated how much they liked

each of the 126 objects on a 1 (lowest preference) to 9 (highest

preference) scale. Then, they read descriptions of two fictitious indi-

viduals (ADAM/MIKE for male participants and NINA/RUTH for

female participants). One person was described as having liberal and

the other as having conservative sociopolitical views, with both enga-

ging in activities reflecting these views (e.g. electoral campaigning for a

Republican; modified from descriptions used in Mitchell et al., 2006).

Participants were asked to learn as much as possible about and form an

impression of each person and given as much time as needed. The

order of presentation (liberal or conservative person first) was counter-

balanced across participants.

During scanning, participants performed an ‘Ownership

Imagination’ task. On each trial, following a 400 ms fixation period,

an object picture and a basket labeled ‘MINE’ appeared at the top and

bottom of the screen, respectively. Two seconds later, a cue signaling

who assigned the object to the participant appeared in between the

object and the basket (first names for Ingroup and Outgroup condi-

tions and ‘COM’ for Computer condition). Participants then pressed a

button with their right index finger to move the object to the basket

and were asked to imagine all the items as belonging to them regardless

of who had assigned the objects. The whole trial lasted for 7 s. Trials

were separated by jittered intertrial fixation intervals (10.6-16.6 s).

There were 18 trials (6 trials per condition) in each of the 7 functional

runs, and the trials within each run were randomly ordered.

After scanning, participants performed a source memory test where

they indicated for each object whether it was assigned to them by

ADAM/NINA, MIKE/RUTH or the computer. Then, participants re-

rated their preference for the same 126 objects. Finally, participants

completed the IAT designed to measure how strongly they associated

the concept of ‘Us’ with each of the two individuals. On each trial,

participants categorized an exemplar from one of four categories of

stimuli: (i) the name of the liberal, (ii) the name of the conservative,

(iii) an ingroup-designating pronoun (e.g. ‘us’) or (iv) an outgroup-

designating pronoun (e.g. ‘them’). In one block, participants were to

press the same button for both ingroup pronouns and the name of the

liberal (liberal-with-ingroup), and in another block, ingroup pronouns

required the same responses as the name of the conservative (conser-

vative-with-ingroup). The difference in the mean response time be-

tween the two blocks indexed the degree to which each participant

perceived the liberal or conservative to belong to his/her ingroup. In

a post-experimental questionnaire, participants indicated how similar

they were to the liberal and conservative individuals separately on a 1

(not at all) to 9 (very much) scale.

Localizer �self-referencing� task

To locate regions of interest (ROI) involved in self-referential process-

ing, independently from our main task, we asked participants to rate

how well trait adjectives describe themselves (self-referent) or former

president George W. Bush (other-referent) on a four-point scale. Each

block consisted of five sequential presentations of adjectives (2.7 s word

presentation, 500 ms interstimulus interval). Ten blocks for each ref-

erence condition were alternated and separated by an 8 s fixation

period. A total of 100 trait adjectives were divided into two lists and

were matched for number of syllables, word length and desirability
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(Anderson, 1968) and assigned to the self- and other-referent condi-

tions in a counterbalanced manner.

Stimuli

The stimuli were 126 pictures (250� 250 pixels) of items available for

purchase from a large offline/online market (e.g. stationary, clothing).

They were divided into 3 sets of 42 objects matched for mean prefer-

ence level, estimated cost, masculinity/femininity and ease of identifi-

cation based on data from a separate pilot study. The assignment of

stimulus sets to liberal, conservative and computer conditions was

counterbalanced across participants.

Image acquisition and preprocessing

Data were acquired using a 3T Siemens TimTrio scanner with a 12-

channel head coil. For each run of the ownership imagination task, 188

functional volumes were acquired using an echo-planar pulse

sequence (TR¼ 2 s, TE¼ 25 ms, flip angle¼ 908, FOV¼ 240 mm, ma-

trix¼ 64� 64, slice thickness¼ 3.5 mm, 34 slices). For the localizer

run, 254 volumes were acquired with the same imaging parameters

as the main functional runs. Two sets of structural images were

acquired for registration: (i) coplanar images, using T1 FLASH se-

quence (TR¼ 300 ms, TE¼ 2.47 ms, flip angle¼ 608, FOV¼ 240 mm,

matrix¼ 256� 256, slice thickness¼ 3.5 mm, 34 slices) and (ii) high-

resolution images, using 3D MP-RAGE sequence (TR¼ 2530 ms,

TE¼ 3.34 ms, flip angle¼ 78; FOV¼ 256 mm, matrix¼ 256� 256,

slice thickness¼ 1 mm, 160 slices).

Image preprocessing was performed using the FMRIB software li-

brary (FSL, http://www.fmrib.ox.ac.uk/fsl). The first four volumes (8 s)

of each functional dataset were discarded to allow for MR equilibra-

tion. Preprocessing included skull-stripping, slice-timing correction,

motion correction using MCFLIRT, spatial smoothing (Gaussian,

FWHM 5 mm) and high-pass temporal filtering (cutoff¼ 50 s).

Registration was conducted through a three-step procedure: functional

images were registered to coplanar images, which were then regis-

tered to high-resolution images and normalized to the Montreal

Neurological Institute’s 152 template.

fMRI data analysis

Whole-brain voxel-wise regression analyses were performed using

FSL’s FEAT. First-level analyses were performed using a separate ex-

planatory variable (EV) for each trial type. For the main ownership

imagination task contrast, the model included three EVs correspond-

ing to the Ingroup, Outgroup and Computer conditions. The prefer-

ence contrast was modeled using six EVs defined by condition and

post- compared to pre-ownership preference change: (i) Ingroup

Higher, (ii) Ingroup Lower, (iii) Outgroup Higher, (iv) Outgroup

Lower, (v) Computer Higher and (vi) Computer Lower. Each trial

type was modeled for the entire 7 s trial duration with a boxcar func-

tion, convolved with a single-gamma hemodynamic response function.

Subject-level analyses combining multiple runs were conducted using a

fixed effects model. Contrasts comparing parameter estimates obtained

from the regression analyses were defined at the subject level to identify

brain regions showing trial-type and condition-specific effects. The

contrasts of particular interest were the comparisons between the

Ingroup and Outgroup conditions.1

Group-level analyses were performed on the parameter estimates

obtained from each of the contrasts calculated at the subject level

using a mixed effects model, with the random effects component of

variance estimated using FSL’s FLAME 1þ 2 procedure (Beckmann

et al., 2003). For significance testing, voxels were thresholded at an

entry level of Z > 2.3 and the significance of the resulting cluster was

then evaluated at a cluster probability P < 0.05 using a Gaussian

random field theory approach to correct for multiple comparisons

(Worsley et al., 1996).

ROI definition and analysis

The localizer task was analyzed using the same approach of prepro-

cessing, subject- and group-level analyses as described for the main

task. The EVs consisted of self- and other-referent conditions. The

group-level contrast map for self-referent > other-referent contrast

(Z > 2.7, cluster probability P < 0.05) identified two clusters in the

vMPFC/anterior cingulate gyrus and posterior temporal fusiform

cortex. For the current analysis, we created a spherical ROI with a

10 mm radius centered at the voxel showing the maximal BOLD con-

trast effect within vMPFC (0, 48, �4; Figure 4A).

The fMRI signal from each voxel in each participant’s functional

data was calculated across peri-events created separately for Ingroup

and Outgroup conditions in each contrast of interest. The fMRI signals

were then converted to percent signal change relative to an intertrial

baseline and averaged over the voxels contained in our ROI for four

time points (epochs) of interest expected to show the maximal BOLD

effect (2-8 s after the onset of the cue signaling who assigned the

object).

RESULTS

Behavioral results

IAT performance

Participants were faster to categorize stimuli in the liberal-with-

ingroup block (M¼ 557 ms, s.d.¼ 81.77) than the conservative-with-

ingroup block (M¼ 607 ms, s.d.¼ 81.85), t(23)¼�3.12, P¼ 0.005,

d¼ 0.90, demonstrating that they more strongly associated the liberal

with their ingroup than the conservative. Out of 24 participants, only 2

showed faster responses in the conservative-with-ingroup block than

the liberal-with-ingroup block.

Post-experimental similarity ratings

The similarity rating for the liberal (M¼ 7.08, s.d.¼ 1.10) was signifi-

cantly higher than that for the conservative (M¼ 2.96, s.d.¼ 1.71),

t(23)¼ 8.29, P < 0.001, d¼ 2.41. Difference scores (liberal minus con-

servative ratings) were positive for 22 of 24 participants (M¼ 4.73,

s.d.¼ 1.39). Difference scores for the remaining two participants (the

same individuals who showed faster responses on the IAT in the con-

servative-with-ingroup block than the liberal-with-ingroup block)

were negative (M¼�2.5, s.d.¼ 0.71). The assignment of the liberal-

and conservative-associated object trials to the Ingroup or Outgroup

conditions was determined for each participant based on the IAT

results: liberal as Ingroup for 22 participants and conservative as

Ingroup for 2 participants.

Imagined ownership

A repeated-measures analysis of variance (ANOVA) with condition

(Ingroup, Outgroup or Computer) as a factor performed on the

mean response times (i.e. a button press to move objects into the

‘MINE’ basket after the onset of the cue signaling who assigned

the object to the participant) revealed a marginally significant effect

of condition, F(2, 46)¼ 2.76, P¼ 0.074, �2p¼ 0.11. Participants showed

a tendency to be faster at pressing the button to assign objects from the

Computer condition (M¼ 1557 ms, s.d.¼ 480) compared with objects

1 Comparisons between the Computer and other two conditions were in line with the role of MPFC in social

cognition in general. The Person (Ingroup and Outgroup conditions combined) > Computer contrast showed greater

activation in both dorsal (0, 22, 52) and ventral (6, 38, �18) MPFC as well as in thalamus (2, �12, 4) and

posterior cingulate gyrus (0, �48, 24). For brevity, the results from contrasts involving the Computer condition are

not further reported.
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from the Ingroup (M¼ 1641 ms, s.d.¼ 540), F(1, 23)¼ 3.57,

P¼ 0.072, �2p¼ 0.13 or Outgroup (M¼ 1626 ms, s.d.¼ 536) condi-

tions, F(1, 23)¼ 3.34, P¼ 0.081 and �2p¼ 0.13. There was no signifi-

cance difference in mean response time between the Ingroup and

Outgroup conditions, P > 0.6.

Source memory

Source memory accuracy was calculated by dividing the number of

correct source assignments to each condition by the total number of

items for that condition and entered into repeated-measures ANOVA

with condition (Ingroup, Outgroup or Computer) as a factor

(Figure 1). There was a significant main effect of condition,

F(2, 36.914)¼ 8.34, P¼ 0.002, �2p¼ 0.27 (Greenhouse–Geisser cor-

rected). Participants were less successful at remembering an object’s

source for items from the Computer condition (M¼ 45.83%,

s.d.¼ 15.13) compared with items from the Ingroup (M¼ 57.54%,

s.d.¼ 14.42), F(1, 23)¼ 9.01, P¼ 0.006, �2p¼ 0.28, or Outgroup

(M¼ 56.65%, s.d.¼ 15.51) conditions, F(1, 23)¼ 17.31, P < 0.001,

�2p¼ 0.43. Source memory did not significantly differ between the

Ingroup and Outgroup conditions, P > 0.7.

Preference ratings

Post-ownership preference ratings from one participant were not col-

lected due to computer malfunction (thus, N¼ 23). A 3 (condition:

Ingroup, Outgroup or Computer)� 2 (time of rating: pre- or post-

ownership) repeated-measures ANOVA revealed only a significant

two-way interaction, F(2, 44)¼ 3.28, P¼ 0.047, �2p¼ 0.13. As shown

in Figure 2A, simple effects analyses indicated that Ingroup-associated

objects were given higher preference post-ownership (M¼ 5.20,

s.d.¼ 0.61) than pre-ownership (M¼ 5.07, s.d.¼ 0.64), F(1,

22)¼ 7.36, P¼ 0.013, �2p¼ 0.25. In contrast, the Outgroup-associated

objects showed a trend for decreased preference post-ownership

(M¼ 4.95, s.d.¼ 0.77) than pre-ownership (M¼ 5.05, s.d.¼ 0.72),

F(1, 22)¼ 3.87, P¼ 0.062, �2p¼ 0.15. No significant difference in pref-

erence ratings between pre- (M¼ 5.18, s.d.¼ 0.79) and post-ownership

(M¼ 5.13, s.d.¼ 0.85) was found for the Computer-associated objects,

P > 0.5. Pre-ownership ratings did not significantly differ among the

conditions, Ps > 0.4. Of the 42 Ingroup-associated objects, on average,

participants’ preference increased for 20.65 items, decreased for 11.30

items and remained the same for 10.05 items from pre- to post-own-

ership. Of the 42 Outgroup-associated objects, participants’ preference

increased for 12.26 items, decreased for 18.09 items and remained the

same for 11.65 items. Of the 42 Computer-associated objects, partici-

pants’ preference increased for 14.96 items, decreased for 12.78 items

and remained the same for 14.26 items.

To examine whether participants’ source memory was related to

their tendency to overvalue objects associated with the Ingroup and

to devalue those associated with the Outgroup, we calculated prefer-

ence changes separately for the source-remembered and source-forgot-

ten items from the Ingroup and Outgroup conditions (Figure 2B). A 2

(condition: Ingroup or Outgroup)� (source memory status: remem-

bered or forgotten) repeated-measures ANOVA showed a main effect

of condition, F(1, 22)¼ 8.10, P¼ 0.009, �2p¼ 0.27, which was qualified

by a two-way interaction, F(1, 22)¼ 13.78, P¼ 0.001, �2p¼ 0.39. Simple

effects analyses indicated that for the Ingroup condition, participants

showed greater preference increase for objects when they remembered

the source than when they did not (M¼ 0.24 and M¼�0.03 for

source-remembered vs source-forgotten Ingroup objects, respectively),

F(1, 22)¼ 7.40, P¼ 0.012, �2p¼ 0.25. In contrast, for the Outgroup

Fig. 2 (A) Pre- and post-ownership preference ratings as a function of condition and (B) post-ownership preference change as a function of source memory status (source-remembered or source-forgotten) and
condition (Ingroup or Outgroup). Error bars represent 95% within-subject confidence intervals (Loftus and Masson, 1994).

Fig. 1 Source memory accuracy as a function of condition. Error bars represent 95% within-subject
confidence intervals (Loftus and Masson, 1994).
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condition, participants showed greater preference decrease for objects

when they remembered the source than when they did not (M¼�0.22

and M¼ 0.04 for source-remembered vs source-forgotten Outgroup

objects, respectively), F(1, 22)¼ 7.00, P¼ 0.015, �2p¼ 0.24.

fMRI Results

The Ingroup > Outgroup whole-brain contrast identified

activation clusters, with peak voxels located in vMPFC, precuneus,

frontal pole and postcentral gyrus (Figure 3 and Table 1). The reverse

Outgroup > Ingroup contrast did not identify any significant cluster.

In our independently defined vMPFC ROI (Figure 4A), a 2 (condi-

tion: Ingroup or Outgroup)� 2 (post-ownership preference change:

higher or lower) repeated-measures ANOVA performed on percent

signal changes showed a significant two-way interaction,

F(1, 22)¼ 9.94, P¼ 0.005, �2p¼ 0.31. As shown in Figure 4B, simple

effects analyses revealed that the Ingroup Higher items showed greater

activation (i.e. less deactivation) than the Ingroup Lower items,

F(1, 22)¼ 11.19, P¼ 0.003, �2p¼ 0.34. In contrast, the Outgroup

Higher items showed less activation than the Outgroup Lower items,

F(1, 22)¼ 5.90, P¼ 0.024, �2p¼ 0.21. No significant difference was

observed between the Ingroup Higher and Outgroup Lower items and

between the Ingroup Lower and Outgroup Higher items, Ps > 0.1.2

While no cluster survived cluster correction for the whole-brain con-

trasts involving preference change between the Ingroup and Outgroup

conditions, the same patterns of results as found for the independently

defined vMPFC ROI were obtained when an analysis was performed on

percent signal changes within the vMPFC cluster derived from the

Ingroup > Outgroup whole-brain contrast shown in Figure 3.

To examine the relationship between the degree to which partici-

pants implicitly associated either the liberal or conservative with their

ingroup and the percent signal change for objects with higher vs lower

post-ownership preference, we correlated IAT response time differ-

ences (mean response time for Outgroup minus mean response time

for Ingroup) with the percent signal change difference between objects

with higher post-ownership preference and those with lower post-own-

ership preference, separately for the Ingroup- and Outgroup-associated

objects. As shown in Figure 5A, for Ingroup-associated objects, IAT

difference scores were positively correlated with percent signal differ-

ence between objects with higher vs lower post-ownership preference,

r(21)¼ 0.50, P¼ 0.016. In contrast, for Outgroup-associated objects

(Figure 5B), IAT difference scores were negatively correlated with

percent signal difference between objects with higher vs lower post-

ownership preference, r(21)¼�0.44, P¼ 0.034.

DISCUSSION

In this study, we sought to characterize the function of vMPFC in self-

related processing, focusing on two alternative hypotheses: (i) vMPFC

evaluates or represents positive value of self-related information or

assigns positive value to information by virtue of its self-relatedness

and (ii) vMPFC assigns personal significance to self-related informa-

tion by evaluating or representing its meaning/function for the self.

Within an imagined ownership paradigm, we introduced and con-

trasted two different contexts in which people form associations be-

tween themselves and objects that were associated with their ingroup vs

outgroup. We found that vMPFC was more active when people ima-

gined owning objects associated with their ingroup compared to

owning objects associated with their outgroup. Most important, for

ingroup-associated objects, vMPFC showed greater activity for objects

Fig. 3 Activation map from whole-brain regression analysis for Ingroup > Outgroup contrast.

Fig. 4 (A) vMPFC ROI derived from the self-referent > other-referent contrast in an independent
trait descriptiveness rating task and (B) mean percent signal change in the vMPFC ROI as a function
of condition (Ingroup or Outgroup) and post- vs pre-ownership preference change (higher or lower).
Error bars represent 95% within-subject confidence intervals (Loftus and Masson, 1994).

Table 1 Peak coordinates of the significant clusters from Ingroup > Outgroup whole-
brain contrast

Region Hemisphere Montreal Neurological
Institute’s coordinates

Z-score Number of
voxels

x y z

vMPFC Left �8 42 �22 3.57 764
Precuneus Left �22 �60 6 3.70 2999

Lingual gyrus Right 26 �62 0 3.40
Lateral occipital cortex Right 32 �80 26 3.32
Intracalcarine cortex Right 6 �82 2 3.21

Frontal pole Left �42 44 �16 3.41 374
Postcentral gyrus Right 44 �28 56 3.32 377

Note: Where the number of voxels is not listed, the activation occurred within subclusters of the
preceding cluster.

2 Participants tended to increase and decrease their preference, respectively, for Ingroup-associated and Outgroup-

associated objects that were later associated with correct source memory. Given that vMPFC shows greater activity

at encoding for self-referenced items that are subsequently remembered than forgotten (e.g., Macrae et al., 2004),

our findings potentially reflected not only the effect of ownership-induced preference changes but also the effect of

source memory performance. Importantly, we obtained essentially the same pattern of results when we only

included objects that were later associated with correct source memory in the 2 (condition)� 2 (post-ownership

preference change) repeated-measures ANOVA.
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with increased post-ownership preference than those with decreased

preference. In contrast, for outgroup-associated objects, vMPFC

showed greater activity for objects with decreased post-ownership pref-

erence than those with increased preference.

Activity in vMPFC previously has been found to be greater for an

ingroup member (i.e. someone similar to oneself) than for an out-

group member (i.e. someone dissimilar to oneself), and the strength

of activation in vMPFC to the ingroup relative to the outgroup was

positively related to the strength of positivity participants felt toward

the ingroup but not to the overall amount of affect associated with

ingroup/outgroup (e.g. no modulation of vMPFC activation by nega-

tivity participants felt toward the outgroup) (Mitchell et al., 2006). Do

the current findings simply reflect a similar effect of ingroup vs

outgroup? The fact that activity in vMPFC was modulated not only

by post-ownership preference increases for ingroup-associated objects

but also by preference decreases for outgroup-associated objects indi-

cates that a simple main effect of ingroup vs outgroup cannot solely

explain the present findings. One might also ask whether the present

findings can be explained by participants being less willing to or suc-

cessful at imagining owning objects or otherwise less engaged in pro-

cessing them when the objects were associated with their outgroup

compared to their ingroup. If this were the case, one would expect

to see ownership-induced preference changes for ingroup-associated

objects but no such changes for outgroup-associated objects. Yet, we

found that the participants tended not only to increase their preference

for ingroup-associated objects but also to decrease their preference for

outgroup-associated objects. In addition, given that encoding in-

formation in reference to self produces a memorial advantage (i.e.

self-reference effect, Rogers et al., 1977), our finding of no significant

difference in source memory accuracy for ingroup- vs

outgroup-associated objects further suggests that the participants in

our study were likely to be equally successful at imagining both

ingroup- and outgroup-associated objects as belonging to them.

Thus, the overall pattern of current findings does not provide strong

support for an alternative interpretation of obtained results as

reflecting simply differences in success in imagining ownership of

objects and/or differences in the extent to which objects from different

social sources were processed.

The current findings are consistent with the idea that the role of

vMPFC in self-related processing is not simply to assign positive sub-

jective value to a self-related experience. The different patterns of

vMPFC activity for ingroup- vs outgroup-associated objects are more

in line with recent proposals suggesting that the function of vMPFC

may be to generate a sense of significance (i.e. affective meaning) of

incoming stimuli for an organism’s well-being and future prospects

(Roy et al., 2012) and to evaluate or represent the personal significance

of self-related contents in particular (D’Argembeau et al., 2012;

D’Argembeau, 2013). In this view, vMPFC activity is involved in as-

signing significance to self-relevant experiences based on individuals’

motivations (needs, goals) that are salient at a given moment. In the

present study, the nominally ‘same’ experience of owning a particular

object likely had different functional significance for the participants

according to whether the objects were associated with their ingroup or

outgroup: the former would accentuate the motivation to assimilate to

the ingroup and the latter would accentuate the motivation to differ-

entiate from the outgroup (Brewer, 1991).

Additional insights about the function of vMPFC should come from

future studies exploring how vMPFC activity patterns associated with

seemingly the same event may differ across situational contexts that are

likely to activate or induce different values, attitudes and goals. In a

related vein, the self-related objects, people and ideas that individuals

view as personally significant may depend on which of ‘multiple’ selves

(Markus and Wurf, 1987; Deaux, 1992) is salient at a given moment. In

this study, by having ‘ownership status’ constant across experimental

conditions (i.e. no objects were other-owned), we made the social

aspect of oneself more salient than the personal self. Thus, the self-

enhancement motive at the level of personal self, suggested to underlie

overvaluation of self-associated objects (Beggan, 1992), might have

been less important than the need for differentiation at the level of

social self when to-be-owned objects were associated with one’s out-

group. Given that various aspects of self can be associated with differ-

ent motives, goals or needs, future work would be useful that explores

whether these factors are differentially weighted in terms of their sig-

nificance for oneself, as reflected in vMPFC activity, based on relative

saliency of different aspects of the self.

Our findings suggest an intriguing possibility that altered vMPFC

activity during self-related processing in patients with various clinical

disorders (Johnson et al., 2009; Sheline et al., 2009; Lombardo et al.,

2010) may reflect disruption of mental operations related to assess-

ment and assignment of personal significance. Whether in these popu-

lations alterations of self-boundaries (Feinberg, 2011) or rigid focus on

Fig. 5 Mean percent signal change difference in the vMPFC ROI shown in Figure 4A between objects
with higher vs lower post-ownership preference in relation to IAT difference scores: (A) Ingroup-
associated objects and (B) Outgroup-associated objects.
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dysfunctional self-views (Lemogne et al., 2012) arise, in part, from

disrupted assignment of personal significance to ‘me or mine’ aspects

of the world, awaits future investigation.
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