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The Self-Concept Is Represented in the Medial Prefrontal
Cortex in Terms of Self-Importance
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Knowledge about one’s personality, the self-concept, shapes human experience. Social cognitive neuroscience has made strides
addressing the question of where and how the self is represented in the brain. The answer, however, remains elusive. We
conducted two functional magnetic resonance imaging experiments (the second preregistered) with human male and female
participants employing a self-reference task with a broad range of attributes and carrying out a searchlight representational
similarity analysis (RSA). The importance of attributes to self-identity was represented in the medial prefrontal cortex
(mPFC), whereas mPFC activation was unrelated both to self-descriptiveness of attributes (experiments 1 and 2) and impor-
tance of attributes to a friend’s self-identity (experiment 2). Our research provides a comprehensive answer to the abovemen-

tioned question: The self-concept is conceptualized in terms of self-importance and represented in the mPFC.
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The self-concept comprises beliefs about who one is as an individual (e.g., personality traits, physical characteristics, desires,
likes/dislikes, and social roles). Despite researchers’ efforts in the last two decades to understand where and how the self-con-
cept is stored in the brain, the question remains elusive. Using a neuroimaging technique, we found that a brain region called
medial prefrontal cortex (mPFC) shows differential but systematic activation patterns depending on the importance of pre-
sented word stimuli to a participant’s self-concept. Our findings suggest that one’s sense of the self is supported by neural
populations in the mPFC, each of which is differently sensitive to distinct levels of the personal importance of incoming
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Introduction

The sense of self shapes human experience (Sedikides et al.,
2021). The self (or self-concept) consists of knowledge that
people possess about the kind of person they are, such as
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traits, physical attributes, preferences, beliefs, values, or
ingroup (Sedikides and Gregg, 2003). The self has been of
keen interest to psychologists since the birth of the discipline
(James, 1890). From the late 90s (Craik et al., 1999) onward,
cognitive neuroscientists have been investigating the neural
basis of the self (Wagner et al., 2019). However, where and
how the self is represented in the brain remains elusive.

Past neuroimaging studies on the self have identified a net-
work of brain regions, including medial prefrontal cortex
(mPFC) and posterior cingulate cortex (PCC), that are consis-
tently active during self-reference judgment compared with
other semantic judgements (Denny et al., 2012; Murray et al,,
2012). However, the approach of contrasting neural responses
during the self-reference versus control tasks to unveil the
neural basis of the self has several limitations.

First, activation observed by simply comparing the strength
of neural responses between the self-reference and control tasks
may be because of cognitive processes unrelated to the self
(Gillihan and Farah, 2005; Legrand and Ruby, 2009) such as
autobiographical memory (Martinelli et al., 2013) and positive
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affect (Bartra et al., 2013). This limitation is at least partially
addressed by recent functional magnetic resonance imaging
(fMRI) studies that used a multivariate pattern analysis (MVPA;
Chavez et al.,, 2017; Yankouskaya et al., 2017; Feng et al., 2018;
Courtney and Meyer, 2020; Koski et al., 2020; Parelman et al,,
2022). Yet, these studies have come short of documenting what
information about the self is specifically being processed.

Second, exceptions notwithstanding (Rameson et al., 2010;
Jenkins and Mitchell, 2011), the bulk of the literature has used
only trait adjectives as experimental stimuli. However, this prac-
tice likely limits researchers’ ability to identify the neural repre-
sentations of the self. As stated above, the self includes not only
personality traits, but also physical characteristics, preferences,
aspirations, abilities, and social groups (Linville, 1985); thus, per-
sonality traits comprise a narrow subset of the self (see del Prado
et al,, 2007).

Third, most neuroimaging research has operationalized the
self-concept in terms of trait self-descriptiveness. There is an infi-
nite number of characteristics that can describe an individual
(e.g., “I sleep everyday”), but just because an item is self-descrip-
tive does not necessarily mean it is a part of the self-concept.
Instead, the self might be represented in the brain in terms of
personal importance of each characteristic (hereafter, self-impor-
tance or centrality). The relevance of taking into account self-im-
portance when assessing the self has also been recognized by
psychologists (Markus, 1977). That is, whether information will
influence one’s behavior depends on its personal importance
(Markus, 1983). For example, if being a mother is important to
an individual, her behaviors as a mother are likely to be different
(e.g., more attentive, responsible, or consistent) from her behav-
iors in other, less self-defining roles (Deutsch et al., 1988). How
self-important (central) a personality trait is affects how a person
seeks (Sedikides, 1993) and remembers (Sedikides et al., 2016)
information about themselves. Thus, it is likely that there is a
dedicated neural system in the brain, which encodes the self-im-
portance of incoming information (Markus and Wurf, 1987;
Sedikides, 1995). Indeed, a few studies have forayed into self-
importance in the brain, suggesting that mPFC activation is
correlated with the importance of possessing a personality
trait (D’Argembeau et al., 2012) and with the personal signifi-
cance of autobiographical memories (Lin et al., 2016).

We addressed the question of where and how the self-concept
is represented in the brain in two fMRI experiments. We used
the self-reference task with a broad range of stimuli combined
with a representational similarity analysis (RSA; Kriegeskorte et
al., 2008) of fMRI data to test how mPFC activation patterns are
related to self-importance as well as self-descriptiveness while
controlling for other factors (see Materials and Methods).

Materials and Methods

Experiment 1

Participants

We recruited 32 right-handed undergraduate students from Tamagawa
University. The students had no history of psychiatric disorders. We
excluded data from four participants because of excessive head move-
ment (>3 mm; one participant), because their response consistency in
the fMRI tasks was close to chance (one participant), because of no var-
iance in the postscan memory rating (one participant), and because their
self-reference rating reliability was low (one participant). In regard to the
last case, each participant completed the self-reference task three times,
and we computed correlation coefficient across the three ratings. The av-
erage correlation of this fourth participant was 0.21, which was >3 SDs
below the group average of r=0.72 (SD =0.14), suggesting very poor
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Table 1. Examples of items used in the experiments

Physical Social Attributes Other
Female Art club Talkative Film

Bad eyesight  Flower arrangement club Smart Twitter
Tall Department of Engineering Hate prawns Christmas
Hay fever XX High School graduate Open-minded School trip
Born in Tokyo Female Compassionate Rain
Sweaty Softball team Good singer Piano
Brown hair  Japanese Dog person Earthquake
Sensitive skin  Basketball club Play guitar

Right-handed ~Buddhist Family-oriented

20years old  Kochi University of Technology student Like to discuss ideas

We used 959 unique items across the two experiments. Items in the “Other” category were mainly prepared
by an experimenter. The four categories (Physical, Social, Attributes, and Other) are based on the coding
scheme by Cousins, 1989).

compliance with the task instructions and/or having a highly unstable
self-concept. The final sample consisted of 28 participants (16 women,
12 men) aged 19-22years (Mg = 19.84, SDyg. = 0.86). Participants
clicked a box to indicate their consent before the online questionnaires.
Additionally, we obtained written consent from all participants before
the fMRI experiment. The study was approved by both the University of
Southampton and Tamagawa University ethics committees. We remun-
erated each participant with 5000 Japanese yen.

Experimental procedure

The experiment comprised the three following parts, which took place
on three separate days: (1) first online questionnaire, (2) second online
questionnaire, (3) fMRI experiment. We administered the two online
questionnaires in an effort to create the stimulus set for the fMRI experi-
ment, a stimulus set that covers as widely as possible the content of each
participant’s self-concept (see below). The first and second online ques-
tionnaires were separated by an average of 6.25d (SD =3.26). The sec-
ond online questionnaire and fMRI experiment were separated by an
average of 8.29d (SD=2.19).

First online questionnaire. The first online questionnaire is similar to
the Twenty Statement Test (TST; Kuhn and McPartland, 1954). During
the online questionnaire, we instructed participants to provide at least 30
characteristics by responding to the prompt “I . To facilitate this
task, we gave participants examples such as physical characteristics (e.g.,
I am tall), personality (e.g., I am social), likes or dislikes (e.g., food,
music, artists), and groups to which they belonged (university, depart-
ment, clubs).

Second online questionnaire. The second online questionnaire
included a total of 80 items some of which were provided by participants
during the first online questionnaire, and others were added by an experi-
menter. Items prepared by the experimenter were intended to dissociate
self-descriptiveness, self-importance, and other factors described below. For
example, “right-handed” was added with an aim to dissociate self-descrip-
tiveness and self-importance. “School trip” was added with an aim to disso-
ciate self-descriptiveness/self-importance and autobiographical memory.
“Convenience store” was added with an aim to dissociate self-descriptive-
ness/importance and familiarity. We instructed participants to rate each
item in terms of (1) self-descriptiveness (1 =not descriptive at all, 7 =very
descriptive), (2) importance to their self-identity (1 =not important at all,
7 =very important), (3) valence (1 = very negative, 7 = very positive), (4) fa-
miliarity (1= not familiar at all, 7 =very familiar), and (5) autobiographical
memory or the extent to which “each word/phrase brought back memories
of your past when you saw it” (1 =it did not evoke any memory at all, 7 =it
evoked very vivid memory).

Stimulus set preparation. Based on the ratings, we selected a final
stimulus set of 40 items under the stipulation that the ratings not be
highly intercorrelated (i.e., effects on neural activities be dissoci-
able). Specifically, we randomly picked 40 out of the 80 items used
in the second questionnaire and computed correlations across the
following six ratings/characteristics of the randomly selected 40
items: (1) self-descriptiveness, (2) valence, (3) familiarity, (4) auto-
biographical memory, (5) number of characters, (6) whether the
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Tall

Describe you?

Play guitar

Yes No
Describe you?
Basketball club

Yes No
Self-reference task

Describe your
friend?
Play guitar
Yes No
Noun?
Basketball club

Yes No

Word-class judgement task

Experiment 1

Figure 1.
reference task (c) and the other-reference task (d) in experiment 2.

item was provided by a participant during the first questionnaire (1)
or not (0). We then recorded the highest correlation coefficient
(Thighest)- We repeated this process a large number of times (e.g.,
1,000,000,000) and selected the final set of 40 items that had the low-
est Tpignesi- For some participants, the self-descriptiveness and self-
importance ratings were highly positively correlated. In such a case,
we set a different criterion for that correlation. For instance, we
Computed Thighest without COHSidefing Tself-descriptiveness/self-importances
and selected a set of 40 items whose rpgnes: Was the lowest given that
Tself-descriptiveness/self-importance Was <0.6. For examples of items, see
Table 1 (The coding scheme is based on Cousins, 1989).

fMRI experiment. Before the fMRI scan, participants received
instructions regarding MRI safety and tasks they would perform
inside the fMRI scanner. During the fMRI session, participants per-
formed two tasks: self-reference and word-class judgment (Fig. 1a,b).
We programmed both of them using Psychtoolbox (http://psychtoolbox.
org/) with MATLAB software (version 2018a; http://www.mathworks.
co.uk). Participants completed six runs of each task. Each run consisted of
40 trials, one item per trial. We presented the same set of 40 items in both
tasks and in each run. We counterbalanced task (ABBAABBAABBA or
BAABBAABBAAB), and randomized trial order within each run.

In the self-reference task, for each trial, participants viewed an item.
On the screen, above the characteristic, they encountered the question
“Describes you?” For each trial, they could answer “yes” or “no” to indi-
cate whether the characteristic described them or not (Fig. 1a). For each
trial in the word-class judgment task, participants viewed an item. On
the screen, above the characteristic, they encountered the question
“Noun?” They could answer “yes” or “no” to indicate whether the char-
acteristic was a noun or not (Fig. 1b). For both tasks, each item was pre-
sented for 1.5 s, followed by intertrial interval (IT; 3-7 s, mean=>5 s).
Participants answered by pressing one of two buttons on a response box.

How vividly each item evoked a personal memory might differ
between the second questionnaire and the fMRI task. Consequently, af-
ter the fMRI scan, we instructed participants to rate the same 40 items
on autobiographical memory, namely, to what extent each item evoked
an autobiographical memory when seeing it inside the fMRI scanner
(1=it did not evoke any memory at all, 7 =it evoked very vivid mem-
ory). Furthermore, to check for consistency of the self-descriptiveness
judgment, we instructed participants to rate the 40 items again on self-
descriptiveness using the same response scale. Next, participants com-
pleted a demographic questionnaire.

fMRI data acquisition. We acquired images using a 3-T Trio A Tim
MRI (Siemens) scanner with a 32-channel head coil. For functional
imaging, we used T2*-weighted gradient-echo echo-planar imaging
(EPI) sequences with the following parameters: time repetition

Other-reference task

Experiment 2

Experimental tasks. The self-reference task (a) and the word-class judgment task (b) in experiment 1. The self-
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(TR)=2500ms, echo time (TE)=25ms, flip
angle (FA)=90° field of view (FOV)=192
mm?, matrix =64 x 64. We acquired, in an
interleaved order, 42 contiguous slices with a
thickness of 3 mm. In addition, we acquired a

Self-reference task

Describe you?
2 oyearaol Tl-vygighted structural image from each
s 0 participant.
Statistical analysis

Behavioral data analysis. Each participant
rated each of the 40 items on self-descriptive-
ness, and they did so three times: (1) during the
second online questionnaire, (2) during the

fMRI scan, (3) after the fMRI scan. Although
Desfc.—iﬁe'?‘ed%mr participants rated each item six times (across
20 years old six fMRI runs) on a two-point scale (yes or no)
during the fMRI scan, they rated each item
once on a seven-point scale during the second
questionnaire and post-fMRI rating task. Thus,
for the self-descriptiveness rating data obtained
during the fMRI scan, we computed a self-
descriptiveness score for each item as a propor-
tion of yes responses across six ratings of each
item. We assumed that participants maintained
a stable self-concept across a few weeks, and we
tested this assumption by checking for consistency of their self-descrip-
tiveness ratings obtained across the three times (or sessions).

fMRI data preprocessing. We conducted preprocessing and statistical
analysis of the fMRI data using SPM12 (Welcome Department of
Imaging Neuroscience), implemented in MATLAB (MathWorks). We
discarded the first four volumes before preprocessing and data analyses
to allow for T1 equilibration. We conducted preprocessing of the fMRI
data with SPM 12’s preproc_fmri.m script starting with realignment
of all functional images to a common image. We spatially realigned
all images within each run to the first volume of the run using sev-
enth-degree B-spline interpolation, and we unwarped and corrected
for motion artefacts. We segmented the T1-weighted structural
image and normalized it into a common stereotactic space (MNI
atlas). Subsequently, we applied the normalization parameters to the
functional images and resampled them to 3 x 3 x 3 mm? isotropic
voxels (i.e., original voxel size was retained) using seventh-degree B-
spline interpolation. Following the normalization, we spatially
smoothed the data [with a Gaussian kernel of 8-mm full-width at
half-maximum (FWHM)] for the univariate analysis. To maintain
fine grained activation patterns, we did not apply smoothing before
the first-level data analysis for the RSA. We applied smoothing
before the group analysis of the RSA outputs to account for individ-
ual variability in brain structure (with a Gaussian kernel of 4-mm
FWHM).

fMRI data analysis: univariate analysis. We used three general linear
models (GLMs) to analyze the fMRI data. In the first GLM, we com-
pared the two conditions (self vs word), whereas we used the spmT
images from the second GLM for the RSA. In the first GLM, we sepa-
rately modeled 40 self-reference judgment trials and 40 word-class judg-
ment trials using a box-car function convolved with the canonical
hemodynamic response function.

In the second GLM, we investigate whether mPFC activities para-
metrically increase as a function of self-importance and/or self-descrip-
tiveness ratings. As in the first GLM, we separately modeled 40 self-
reference trials and 40 word-class judgment trials. In addition, we added
to each of the self and word trial regressors the following seven paramet-
ric regressors: (1) self-descriptiveness, (2) self-importance, (3) valence,
(4) familiarity, (5) autobiographical memory, (6) word-length, (7)
whether each item was self-provided (1) or not (0). Given that SPM
automatically performs orthogonalization for parametric regressors (see
Mumford et al., 2015), we also tried another GLM where the order of
self-descriptiveness and self-importance parametric regressors were
switched (self-importance as the first parametric regressor, and self-
descriptiveness as the second parametric regressor), but the results were

Yes No
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Neural and model RSMs in the multiple regression analyses in experiment 1. For each participant, we made seven model RSMs based on participant ratings and item characteris-

tics. The value in each cell indicates a similarity between a pair of items on a given dimension. We made a neural RSM for each searchlight. We conducted a multiple regression analyses for

each searchlight with the seven model RSMs.

virtually the same. For the first two GLMs, we submitted the contrast
images to a second level analysis. We set statistical threshold at p < 0.005
with cluster-p <0.05 [familywise error (FEW) corrected] within the
mPFC mask. Outside of the mask, we set up the statistical threshold at
P <0.001 (uncorrected for multiple comparisons) with a cluster thresh-
old of p < 0.05 (FWE corrected).

In the third GLM, we modeled separately each of the 40 items for
each task. We used a total of 80 spmT images from the third GLM in
subsequent RSA. In all the GLMs, we included six head motion parame-
ters and session effects as nuisance regressors.

Representational similarity analysis (RSA): model representational simi-
larity matrix (RSM)

To test the effect of self-descriptiveness and self-importance on neural
responses in the mPFC, while controlling for other factors (i.e., valence,
familiarity, autobiographical memory, word-length, whether items were
self-provided or not), we used RSA with a searchlight approach. For
each participant, we calculated a model RSM separately for the following
seven dimensions: (1) self-descriptiveness, (2) self-importance, (3) va-
lence, (4) familiarity, (5) autobiographical memory, (6) word-length, (7)
whether each item was self-provided (1) or not (0). For self-descriptive-
ness, self-importance, valence, and familiarity, we used ratings from the
second online questionnaire. For autobiographical memory, we used rat-
ings from the postscan behavioral session. Each RSM was a 40 x 40 ma-
trix (Fig. 2), where each cell represented the similarity of the ratings
between two items. For ratings completed on a seven-point scale, we cal-
culated similarity as seven minus the absolute difference between two
ratings. For the word length, we calculated similarity as the maximum
number of characters in the 40 items minus the absolute difference in
the number of characters between two items. Lastly, for whether items
were self-provided or not, we coded similarity as 0 if an item was pro-
vided by the participant but the other item was not (or vice versa),
whereas we coded similarity as 1 otherwise (i.e., both items were pro-
vided by the participants or both items were provided by the experi-
menter). We standardized the values with the respective mean and SD
for each rating before regression analyses.

RSA: neural RSM. We extracted local patterns of neural activity from
searchlights with a three-voxel radius, so that each searchlight consisted
of a maximum of 123 voxels (and less on the edges of the brain). For
each searchlight, we calculated voxel-by-voxel correlations between each
pair of the 40 items, which resulted in a 40 x 40 neural RSM (Fig. 2).
Consequently, the correlation in neural activities between two items
within a searchlight was represented by a cell in the respective neural
RSM. We Fisher-Z transformed the correlation values before further
analyses.

RSA: multiple regression analysis. In each searchlight, we conducted
a multiple regression analysis, where the seven model RSMs were inde-
pendent variables and the neural RSM was dependent variable (Fig. 2).
We repeated this analysis for every searchlight across the mPFC region
of interest (ROI; see below for more information about the mPFC mask

applied) and the whole brain, resulting in a 8-map for each of the seven
independent variables for each of the two tasks (i.e., a total of 14
3-maps for each participant).

RSA: group analysis. We entered the -maps into a group-level
analysis that we computed with permutation testing (i.e., one-sample ¢
test with 5000 permutations) using the Statistical NonParametric
Mapping (SnPM) toolbox for SPM (Nichols and Holmes, 2002).
Among several brain regions previously implicated in self-processing
(Qin and Northoff, 2011; Denny et al., 2012; Murray et al., 2012), we
focused especially on the mPFC, as a lesion study indicated that this
region is necessary for a stable and accurate self-concept (but is not
critical for knowledge about another person; Marquine et al., 2016).
Accordingly, we applied an mPFC mask to the analysis to limit the
group-analysis to voxels within the a priori ROL. We created the mask
with the WFU PickAtlas toolbox for SPM (Maldjian et al., 2003). The
mPFC ROI mask included Frontal Sup_medial L, Frontal Sup_medial R,
Frontal_Mid_Orb_L, Frontal Mid_Orb_R, Rectus_L, Rectus_R,
Cingulum_Ant_L, and Cingulum_Ant R (dilation factor=2),
which we took from the Anatomical Automatic Labeling (AAL)
masks implemented in the WFU pickatlas toolbox. We applied the
same statistical threshold as the univariate analyses above [within
the mPFC mask, p <0.005 with cluster-p <0.05 (FWE corrected),
and outside the mask, p<0.001 with cluster-p <0.05 (FWE
corrected)].

Experiment 2

Preregistration

Before data analyses, we preregistered the hypotheses, sample size, data
analytic plan, and exclusion criteria on the Open Science Framework
(https://osf.io/agq3b). We followed the preregistration in all analyses
reported below, unless otherwise noted.

Participants

As preregistered, final analyses included a sample of 35 undergraduate
students (23 men, 12 women) at Kochi University of Technology
(Mage = 19.66, SD,. = 1.64, range = 18-23 years). All of them were right-
handed, and none had a history of psychiatric disorders. We scanned
eight additional participants but excluded them from the final analyses,
because they did not meet the preregistered inclusion criteria. In particu-
lar, we excluded one participant because of a brain anomaly, and seven
participants because the reliability of either their self-reference or other-
reference rating was low. In regard to these seven participants, we calcu-
lated correlations between their responses in the self-reference task dur-
ing fMRI scanning and their self-descriptiveness rating in the second
questionnaire, as well as the correlation between their other-reference
task responses during fMRI scanning and their friend-descriptiveness
rating in the second questionnaire. We considered the correlation value
low, if it was <<0.5. All participants ticked a box to indicate their consent
before the online questionnaires, and they consented in writing before
the fMRI experiment. The study was approved by the Kochi University
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of Technology ethics committee. They were remunerated with 2000
Japanese yen.

Power analysis

We conducted a power analysis using the Bootstrap procedure. First, we
randomly sampled 35 participants from the 28 participants of experi-
ment 1, with replacement. For each randomly-selected sample, we con-
ducted a group analysis (one-sample ¢ test). Given that in experiment 1
we found significant activations within the mPFC, we applied the same
mPFC mask created via the WFU PickAtlas toolbox for SPM (Maldjian
et al., 2003). We applied a voxel-wise threshold of p < 0.005 (uncor-
rected) and cluster-p < 0.05 (FWE corrected) to assess significance. We
repeated these steps 2000 times, and counted the number of times we
found significant activations within the mPFC mask. The result indi-
cated that the sample size of 1 = 35 would achieve power of 91.85%.

Experimental procedure

The procedure was similar to that of experiment 1, consisting of three
parts (two online questionnaires, fMRI experiment) on three separate
days. The only alteration involved the control task. To examine whether
the experiment 1 results were specific to the self, or whether the mPFC
also encodes important information for a friend’s identity, we used an
other-reference task as control (see Fig. 1c,d). The first and second
online questionnaires were separated by an average of 11.0d (SD = 6.68).
The second online questionnaire and fMRI experiment were separated
by an average of 14.03 d (SD = 8.34).

Online questionnaires. As in experiment 1, in the first online ques-
tionnaire, participants provided at least 30 characteristics by responding
to the prompt “I ___.” Similarly, participants provided the name of a
close friend and at least 30 characteristics they believed to be descriptive
of or important for that friend. They did so by responding to the prompt
“My friend z

In the second online questionnaire, participants rated 80 items, some
of which were made available by participants during the first online
questionnaire. In particular, they rated each item on the following seven
dimensions: (1) self-descriptiveness (1=not at all descriptive, 7 =very
descriptive), (2) importance to self-identity (1=not at all important,
7 =very important), (3) friend self-descriptiveness (1 =not at all descrip-
tive, 7 =very descriptive), (4) importance to friend’s identity (1 =not at
all important, 7 = very important), (5) valence (1 = very negative, 7 = very
positive), (6) familiarity (1 =not at all familiar, 7 = very familiar), and (7)
autobiographical memory (1 =it did not evoke any memory at all, 7 =it
evoked very vivid memory). We selected a stimulus set of 40 items as in
experiment 1 (for item examples, see Table 1).

fMRI experiment. During the fMRI session, participants conducted
the self-reference and other-reference tasks (Fig. 1c,d). We used the
same set of 40 items for both tasks.

Just like in experiment 1, during the self-reference task, for each trial,
the participants viewed one of the 40 items. On the screen, above the
characteristic, they saw the question “Describes you?” For each trial, they
answered “yes” or “no” to indicate whether the characteristic described
them (Fig. 1c). For each trial in the other-reference task, participants
similarly viewed an item on the screen. Above the item, they saw the
question “Describes your friend?” and answered “yes” or “no” to indicate
whether the characteristic described their friend, the same close friend
they mentioned during the first online questionnaire (Fig. 1d). For both
tasks, each item was presented for 1.5 s, followed by intertrial interval
(ITL 3-7 s, mean =5 s). Participants indicated their answers by pressing
one of two buttons on a response box.

Postscan behavioral session. After the scan, participants rated the
previously presented words on autobiographical memory again (1 =it
did not evoke any memory at all, 7=it evoked very vivid memory).
Next, they completed a demographic questionnaire.

fMRI data acquisition. We acquired images using a Siemens 3.0 T
Verio MRI scanner with a 64-channel phased array head coil. For func-
tional imaging, we used T2*-weighted gradient-echo echo-planar imag-
ing (EPI) sequences with the following parameters: time repetition
(TR) =2500ms, echo time (TE)=25ms, flip angle (FA)=90°, field of
view (FOV) =192 mm? matrix=64 X 64. We acquired 42 contiguous
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slices with a thickness of 3 mm, in an interleaved order. Moreover, we
acquired from each participant a high resolution anatomic T1-weighted
image (1-mm isotropic resolution).

Experimental procedure

fMRI data processing. We conducted preprocessing of fMRI data as
in experiment 1. The preprocessing described in our preregistration
stated that we would use an EPI-template when normalizing fMRI data
to the standard MNI space. Although, based on visual inspection of nor-
malized images, there was no issue with this method when analyzing the
fMRI data from experiment 1, we noticed that fMRI images normalized
with this method were consistently smaller in the anterior-to-posterior
and left-to-right dimensions (possibly because of the difference in head-
coil between the two experiments; 32 channels in experiment 1 vs 64
channels in experiment 2 (for a similar case, see Smith et al., 2018).
Accordingly, we decided to use a T1-template when normalizing the
fMRI data as implemented in the SPM 12’s preproc_fmri.m script. For
the sake of consistency, we re-analyzed fMRI data in experiment 1 with
this new preprocessing steps, as reported above. In experiment 1, we
report the re-analyzed data (note that the two preprocessing steps gener-
ated virtually identical results).

Univariate fMRI analysis. Similar to experiment 1, we used three
GLMs. In the first GLM, we intended to compare the two conditions
(self vs other). In the second GLM (not preregistered), we intended to
test whether mPFC activities increase parametrically as a function of
self-descriptiveness and self-importance ratings. Finally, we used the
spmT images from the third GLM for the RSA.

In the first GLM, we separately modeled 40 self-reference judgment
trials and 40 other-reference trials using a box-car function convolved
with the canonical hemodynamic response function. In the second GLM,
as in the first one, we separately modeled 40 self-reference trials and
40 other-reference judgment trials. In addition, we added the following
nine parametric regressors to each of the self-reference and other-
reference trial regressors: (1) self-descriptiveness, (2) self-importance, (3)
friend-descriptiveness, (4) friend-importance, (5) valence, (6) familiarity,
(7) autobiographical memory, (8) word-length, (9) whether the item was
self-provided or not.

For the first two GLMs, we submitted the contrast images to a second
level analysis. As preregistered, we employed the same mPFC mask as in
experiment 1, and within the mPFC mask we set the statistical threshold
at p<<0.005 (uncorrected for multiple comparisons) with a cluster
threshold of p < 0.05 (FWE corrected). Outside of the mask, we set the
statistical threshold at p < 0.001 (uncorrected for multiple comparisons)
with a cluster threshold of p < 0.05 (FWE corrected).

In the third GLM, we modeled separately each of the 40 items for
each task. In all three GLMs, we included six head motion parameters
and session effects as nuisance regressors.

Model RSMs. We conducted searchlight RSA as in experiment 1.
However, in addition to testing the effect of self-descriptiveness and self-
importance, we tested the effect of friend-descriptiveness and friend-im-
portance, on neural representations. So, for each participant, we calcu-
lated a model RSM separately for each of the following nine dimensions:
(1) self-descriptiveness, (2) self-importance, (3) friend-descriptiveness,
(4) friend-importance, (5) valence, (6) familiarity, (7) autobiographical
memory, (8) word-length, and (9) whether the item was self-provided or
not. For self-descriptiveness, self-importance, friend-descriptiveness,
friend-importance, valence, and familiarity, we used the ratings from the
second questionnaire. For autobiographical memory, we used the ratings
from the postscan behavioral session.

Neural RSM. We created a neural RSM for each searchlight as in
experiment 1.

RSA: multiple regression analysis. In each searchlight, we conducted
a multiple regression analysis where the nine model RSMs were inde-
pendent variables and the neural RSM was the dependent variable. We
repeated the analysis for every searchlight across the brain, resulting in a
B-map for each of the nine independent variables and each of the two
tasks [a total of 18 (2 x 9) B-maps for each participant]. Although not
preregistered, we attempted another RSA by adding a model RSM based
on participants’ average RT for each item (a total of 10 model RSMs),
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and this additional RSA produced results virtually identical to those
reported below.

RSA: group analysis. We conducted the second-level group analysis
as in experiment 1 (i.e., using SnPM). We applied the same statistical
threshold as the univariate analyses above [within the mPFC mask,
p < 0.005 with cluster-p < 0.05 (FWE corrected), and outside the mask,
P <0.001 with cluster-p < 0.05 (FWE corrected)].

Classifier-based MVPA (not preregistered). We also conducted a clas-
sifier-based MVPA analysis that directly compares the effects of self-im-
portance and friend-importance on mPFC activation. We did so in
search for evidence that a neural code for information importance is
unique to the self. Specifically, we tested
whether, during the other-reference task, the
mPFC activation patterns evoked by items

a Correlations across original ratings b
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Table 2. Average within-Person correlations (SD) across the three self-descrip-
tiveness ratings in experiment 1

Second questionnaire fMRI task Post-fMRI rating

Second questionnaire —
fMRI task 0.83 (0.09)** —
Post-fMRI rating 0.72 (0.14)*** 0.67 (0.12)*** —

Each participant rated each of the 40 items on self-descriptiveness three times: (1) during the second online
questionnaire, (2) during the fMRI scan, and (3) after the fMRI scan. ***p <<0.001 (corrected for multiple
comparisons) based on one sample t test (one-tailed; correlation coefficients were Fisher-z transformed
before the t tests).

Correlations across behavioral RSMs

Descriptiveness

high (also middle or low) in self-importance

Descriptiveness

task are distinct from activation patterns
evoked by items high (also middle or low) in
friend-importance.

First, we conducted another GLM analysis

where each item was classified into one of the
three categories depending on level of self-
(and friend-)importance: high, middle, low.
Given that the distribution of ratings was dif- Privided by a
ferent across participants (e.g., with some fre- PR ot
quently providing ratings of 6-7, and others
frequently providing ratings of 1-2), we used
different criteria for different participants when
classifying each item into the three categories
so that the three categories included roughly an
equal number of items. Of note, within each
participant, we used the same criterion for the
self and other conditions. Thus, in this GLM, when modeling the fMRI
data from the self-reference task, we classified 40 items into three catego-
ries based on self-importance ratings: (1) self-importance-high, (2) self-
importance-middle, (3) self-importance-low. We modeled separately
items in each of the three categories. Similarly, for the other-reference
task fMRI data, we classified items into three categories in the same way
based on the friend-importance ratings (high, middle, or low), and we
modeled separately items in each of the three categories. We included
six head motion parameters and session effects as nuisance regressors.
We then computed an spmT map for each category per fMRI run result-
ing in 2 (tasks; self vs other) x 3 (level of importance) x 6 (runs) spmT
images per participants, which we used in the subsequent MVPA.

To define independently a self-importance related mPFC ROI, we
used a leave-one-participant-out cross-validation procedure (Esterman
etal,, 2010). We re-ran the second-level group analysis (the searchlight
RSA group analysis described above) 34 times with a different single
participant left out in each. We used each second-level analysis to
determine an mPFC ROI for each left-out participant. For each par-
ticipant, we extracted data from a three-voxel radius sphere sur-
rounding the peak voxel within the mPFC most strongly associated
with self-importance ratings. To ascertain that each participant’s ROI
was roughly from the same anatomic subregion within the mPFC, we
searched a peak voxel for each participant within a 30-mm sphere
surrounding the peak voxel identified by the group analysis with all
35 participants.

We used a linear support vector machine, which we conducted using
Matlab in combination with LIBSVM (https://www.csie.ntu.edu.tw/
~¢jlin/libsvim/; Wake and Izuma, 2017) with a cost parameter of c=1
(default). We paired each of the self run and friend run in the order of
acquisition, and evaluated classification performances with a leave-one-
pair-out cross-validation procedure. Thus, using the spmT images from
the five runs of each task, we trained a classifier that discriminates activa-
tion patterns between self-importance-high versus friend-importance-
high items. Then, using the spmT images from the left-out run of each
task, we tested whether the classifier could discriminate between self-im-
portance-high versus friend-importance-high items. We repeated the
procedure six times so that each run-pair served as the testing set once.
We averaged six classification accuracy values for each participant. We
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Average correlations across seven ratings (a) and seven model RSMs (b) in experiment 1.

conducted the same analysis to test whether activation patterns are dis-
tinct between items low in self-importance versus items low in friend-
importance (also, items middle in self-importance vs middle in friend-
importance). We assessed statistical significance with permutation tests
where we performed classifications with scuffled labels 1000 times to
obtain a null distribution; p-values were set at 0.05 (one-tailed) and
Bonferroni-corrected for three comparisons.

Data availability
Unthresholded group-level statistical maps and the mPFC mask image
are available on NeuroVault (https://neurovault.org/collections/13069/).

Results

Experiment 1
Behavioral results
Participants rated each of the 40 items on self-descriptiveness three
times: (1) during the second online questionnaire, (2) during the
fMRI scan, (3) after the fMRI scan. Their responses were highly
consistent across the three sessions (average within-individual
correlation = 0.74; Table 2). This finding supports our assumption
that participants’ self-concept was stable over the weeks of testing.
We present average correlations between the behavioral rat-
ings (self-descriptiveness, self-importance, valence, familiarity,
autobiographical memory, word-length, whether items were self-
provided) from the second questionnaire in Figure 3a (note that
memory ratings were from the second memory rating task after
the fMRI scan). Similarly, we present average correlations across
the seven model RSMs in Figure 3b. The correlation between the
self-descriptiveness and self-importance model RSMs was the
highest [average r=0.31 (SD=0.26)]. We also calculated and
checked the variance inflation factors (VIFs) for the seven inde-
pendent variables within each participant. VIF provides an index
of the degree to which the variance of a coefficient is increased
because of collinearity, with values of above 10 often considered
problematic. Across a total of 196 (7 variables x 28 participants)
VIFs, 193 of them were below 2, and the maximum VIF was
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Figure 4.  Group activation map for the self versus word contrast in experiment 1. For a
display purpose, we set the voxel-wise threshold at p << 0.005 (uncorrected) and set the
cluster size threshold at p << 0.05 (FWE corrected). For all activated areas, see Table 3.

Table 3. Brain regions showing significant activations during the self-reference
task and the word class judgment task in experiment 1

MNI coordinates

Contrast Location X y z z Cluster size (voxels)
Self > word  dmPFC -9 Iy 53 562 1605
amPFC =3 50 23 542
dACC 6 20 20 419
MFG —33 20 38 468 7
Left STS —60 —22 —10 555 736
PCC -3 —46 29 48 370
Left TPJ —45 58 29 620 580
Right TP) 57 —58 29 583 339
Lingual gyrus =3 —85 —4 637 722
Word > self  Left IFG —48 32 20 469 519

The statistical threshold was set at p << 0.005 (uncorrected for multiple comparisons) with a cluster threshold
p<<0.05 (FWE corrected). dmPFC, dorsomedial prefrontal cortex; amPFC, anterior medial prefrontal cortex; dACC,
dorsal anterior cingulate cortex; MFG, middle frontal gyrus; STS, superior temporal sulcus; PCC, posterior cingulate
cortex; TPJ, temporoparietal junction; IFG, inferior frontal gyrus. Voxel size=3 x 3 x 3 mm.

3.03, indicating reasonable ability to draw inferences on the
unique variance explained by each variable in all participants.

fMRI results

Univariate analysis. Successfully replicating the previous
studies (Qin and Northoff, 2011; Denny et al.,, 2012; Murray et
al., 2012), we found that the self-reference versus word-class
judgment contrast significantly activated the mPFC and PCC
(Fig. 4). Other activated regions included left and right temporo-
parietal junction (TPJ), left superior temporal sulcus (STS), and
lingual gyrus (Fig. 4; Table 3). The opposite contrast (word vs
self) activated the left inferior frontal gyrus (IFG), which is
known to play a major role in language processing (Ferstl et al.,
2008; Table 3).

Parametric modulation analysis. Next, we tested whether
mPFC activities parametrically increase as a function of self-
descriptiveness and/or self-importance. Contrary to previous
studies (Macrae et al., 2004; Moran et al., 2006; D’Argembeau
et al.,, 2012; Koski et al., 2020; Elder et al., 2022), neither self-
descriptiveness nor self-importance ratings were significantly
associated with mPFC activations during the self-reference
task. We note that other studies with a similar event-related
design did not report results relevant to this association (Kelley
et al., 2002; Ochsner et al., 2005; Heatherton et al., 2006; Yaoi et
al,, 2015), although they could have done so. Furthermore, the
results of a recent study with direct neural recordings from
human participants using electrocorticography (ECoG; Tan
et al., 2022) suggest that the linear relationship between self-
descriptiveness and mPFC activations is, if anything, small.
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[l Self vs. Word contrast
[ Self-importance (searchlight RSA)
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Figure 5.  Searchlight RSA result in experiment 1. a, Self-importance was significantly asso-
ciated with activation patterns within the mPFC during the self-reference task (see also Table
4). p < 0.005 (uncorrected) and cluster-p << 0.05 (FWE corrected). b, The mPFC areas signifi-
cantly associated with self-importance (cyan) largely overlapped with the areas activated by
the self-reference task compared with the word class judgment task (magenta; Fig. 4).

Table 4. mPFC regions from searchlight RSA showing significant association
with self-importance ratings during the self-reference task in experiment 1

MNI coordinates

Location X y z A Cluster size (voxels)
dmPFC -9 53 29 3.84 306

dACC 12 38 23 3.47

amPFC 6 56 14 2.89

The statistical threshold was set at p << 0.005 (uncorrected for multiple comparisons) with a cluster thresh-
old p < 0.05 (FWE corrected). Voxel size=3 x 3 x 3 mm.

Both self-descriptiveness and self-importance ratings were
unrelated to mPFC activities during the word task.

Searchlight RSA result. We conducted searchlight RSA
within the mPFC ROI to test whether self-descriptiveness or
self-importance had an effect on the local patterns of activa-
tion within the mPFC. We found that different levels of self-
importance were represented by different patterns of activa-
tion within the mPFC (medial superior frontal gyrus; x = —9,
y=53, z=29, 306 voxels) during the self-reference task (Fig.
5; Table 4). However, self-descriptiveness was not signifi-
cantly associated with activation patterns within the mPFC.
Likewise, the remaining five variables were not significantly
associated with mPFC activations. The mPFC region associ-
ated with self-importance (Fig. 5a) largely overlapped with
the mPFC region activated by the self versus word contrast
(Fig. 4). Out of the 306 voxels whose activities were signifi-
cantly associated with self-importance, 194 voxels (63.3%)
were included in the area significantly activated by the self-
reference task compared with the word task (Fig. 5b).

We repeated the same searchlight RSA using the data
from the word class judgment task, and found no significant
results. The null effects indicate that the representation of
self-importance within the mPFC is task dependent. Self-impor-
tance is represented within the mPFC only when performing a
task that requires thinking about the self.

Outside of the mPFC RO]I, different levels of word-length
were represented by different patterns of activation within
the visual cortex (lingual-gyrus) for both the word-class
judgment task and the self-reference task, indicating that
visually similar stimuli evoke similar activation patterns in
the visual cortex regardless of task. No other significant
results emerged.

Taken together, we obtained initial evidence that the mPFC rep-
resents self-importance information. However, it is possible that the
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information in general. We addressed this
possibility in experiment 2.
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Behavioral results
Participants rated each of the 40 items on i
self-descriptiveness and friend-descriptive-
ness twice: (1) during the second online
questionnaire, (2) during the fMRI
scan. Their responses were highly con-
sistent across the two sessions. Average
within-individual correlation for self-descri-
ptiveness ratings was 0.78 (SD =0.09), and
average within-subject correlation for
friend-descriptiveness was 0.74 (SD = 0.09).
We present average correlations between
the behavioral ratings (self-descriptiveness,
friend’s self-descriptiveness, self-importance,
friend’s self-importance, valence, familiarity,
autobiographical memory, word-length,
whether items self-provided) from the
second questionnaire in Figure 6. We
checked the VIFs for the nine inde-
pendent variables within each partici-
pant. Results showed that all 315 (9
variables x 35 participants) VIFs were
below 2, indicating reasonable ability to
make inferences on the unique variance
explained by each variable in all participants.

Figure 6.

Figure 7.

fMRI results

Univariate analysis. The self-reference versus other refer-
ence contrast did not reveal significant activation within the
mPFC or across the whole brain. Although this result is in con-
trast to our preregistered hypothesis, previous studies have
generated mixed findings regarding the difference between
the self and other conditions, and our finding is consistent
with studies that reported no difference (Schmitz et al., 2004;
Ochsner et al., 2005; Vanderwal et al., 2008; Benoit et al,,
2010; Tan et al., 2022). The opposite contrast also did not
reveal significant activation in any region.

Parametric modulation analysis. We investigated whether
mPFC activities parametrically increase as a function of self-
descriptiveness and/or self-importance. However, as in experi-
ment 1, neither self-descriptiveness nor self-importance ratings
were significantly associated with mPFC activations during the
self-reference task. Similarly, neither friend-descriptiveness nor
friend-importance were significantly associated with mPFC
activations during the other-reference task.

Searchlight RSA within the mPFC ROI Based on our prereg-
istered hypothesis that self-importance is encoded in the
mPFC, we first limited the search area to within the mPFC by
applying the anatomic mPFC mask. We conducted searchlight
RSA to test whether self-importance information is repre-
sented in areas within the mPFC during self-reference task. As
hypothesized, self-importance was reliably signaled in the
mPFC during the self-reference task (x=3, y=41, z=50; 280
voxels; Fig. 7a; Table 5). This mPFC cluster overlapped with
the mPFC cluster related to self-importance in experiment 1,

Friend-importance

Valence [ 002 004

Familiarity [10:18

Memory

Word length
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Average correlations across nine ratings (a) and nine model RSMs (b) in experiment 2.

4.0

3.0

2.0

[ Experiment 1
O] Experiment 2
[ overlap

Mega-analysis (n = 63)

Searchlight RSA result in experiment 2 (a), activation overlaps between experiments 1 and 2 (b), and mega-
analysis results (c). a, Self-importance was significantly associated with activation patterns within the mPFC in experiment 2
(see also Table 5). p << 0.005 (uncorrected) and cluster-p << 0.05 (FWE corrected). b, mPFC areas associated with self-impor-
tance in experiment 2 (magenta) overlap with areas associated with self-importance in experiment 1 (cyan). ¢, Mega-analysis
results (n = 63) showing an mPFC cluster that is significantly associated with self-importance (see also Table 7). p << 0.005
(uncorrected) and cluster-p << 0.05 (FWE corrected).

Table 5. mPFC regions from searchlight RSA showing significant association
with self-importance during the self-reference task in experiment 2

MNI coordinates

Location X y z VA Cluster size (voxels)
dmPFC 3 Iy 50 3.65 280

amPFC 9 53 14 343

dACC 9 4 17 3.02

The statistical threshold was set at p << 0.005 (uncorrected for multiple comparisons) with a cluster thresh-
old p < 0.05 (FWE corrected). Voxel size=3 x 3 x 3 mm.

although the overlap was relatively small (a total of 25 voxel;
Jaccard index = 0.046; Fig. 7b).

In contrast, self-descriptiveness was not encoded in the
mPFC during the self-reference task. Furthermore, neither self-
importance nor self-descriptiveness were encoded in the mPFC
during the other-reference task. These results replicate those of
experiment 1. Processing of information about how important
each stimulus is to the self in the mPFC is task dependent, and
its neural representations emerge only when performing a task
that requires thinking about the self.

In contrast, both friend-descriptiveness and friend-impor-
tance were not significantly associated with mPFC activation
during the self-reference and other-reference tasks. Likewise, the
remaining five variables were not significantly related to mPFC
activation during either task.

Whole-brain searchlight RSA. We performed searchlight RSA
throughout the whole-brain. Consistent with experiment 1, we
found that different levels of word-length were represented by
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Table 6. Classifier-based MVPA results

Comparison (lassification performance Pperm (uncorrected)
High importance 50.48% 0.40

Middle importance 62.62% <0.001**

Low importance 55.71% 0.003*

*p < 0.05 and **p << 0.01 (Bonferroni corrected). Significant classification performance means that activa-
tion patterns were distinct in the self versus other conditions for a given importance level.
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Figure 8.  Average within-condition correlations for each of the six conditions [2 (task; self

vs other) x 3 (importance-level; high, middle, or low)]. Each participants completed six runs
of each task, and within-condition correlations were computed for all possible run-pairs (a
total of 15) which was averaged within each participant. A 2 x 3 repeated-measures ANOVA
revealed significant main effects of both task (F; 34 = 6.71, p = 0.014) and importance-level
(Fo68 = 3.67, p=0.0307), while a task > importance-level interaction was not significant
(Fio68 = 0.5262 p = 0.539). Note that the correlation coefficients were Fisher-z transformed
before conducting the ANOVA.

different patterns of activation within the visual cortex (lingual-
gyrus) for both the self-reference and other-reference tasks. We also
found that, during the self-reference task, familiarity ratings were
related to activation patterns in left middle frontal gyrus (MFG; x =
—21, y=4, z=47, 648 voxels) and in left inferior frontal gyrus (IFG;
x=—45,y=11, z=14, 302 voxels). No other significant effects
emerged.

Exploratory analysis directly comparing effects of self-importance
and friend-importance

Although classification performance for items high in impor-
tance was not significant, the classifier-based MVPA successfully
discriminated activation patterns between self-importance-mid-
dle versus friend-importance-middle and between self-impor-
tance-low versus friend-importance-low (Table 6), indicating
that neural codes for information importance are largely unique
to the self. Classification performance was not significant for
items high in importance; however, our additional analysis found
that the data were noisier for items high in importance (i.e.,
activation patterns evoked by the same item were less consistent
across six runs of the same task; Fig. 8). It also found that the
self-reference task data were noisier compared with those of the
other-reference task. Thus, mPFC activation patterns evoked by
items high in self-importance during the self-reference task
were least consistent (i.e., noisiest) across six runs. This might
be because performing the self-reference (vs other-reference)
task and items high (vs low) in importance evokes other cogni-
tive/affective processes (e.g., autobiographical memory, positive
affect) that can influence mPFC activation (Bartra et al., 2013;
Martinelli et al., 2013), and these unrelated processes might
have impacted on mPFC activation patterns differently in each
run. Regardless, the elevated level of noise observed in items
high in self-importance explains, at least partially, the nonsigni-
ficance classification performance for items high in self- versus
friend-importance.
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Table 7. mPFC regions from searchlight RSA (mega-analysis; n = 63) showing
significant association with self-importance during the self-reference task

MNI coordinates

Location X y z YA Cluster size (voxels)
dACC 15 38 26 442 942

amPFC 9 56 14 434

dmPFC 6 47 38 3.82

We set up the statistical threshold at p <0.005 (uncorrected for multiple comparisons) with a cluster
threshold p << 0.05 (FWE corrected). Voxel size=3 x 3 x 3 mm.

Mega-analysis (not preregistered)
Given that the self condition was common across experiments 1
and 2, we combined the self-task data from both experiments
and ran a mega-analysis that included 63 participants. Self-im-
portance information was reliably encoded in a large cluster in
the mPFC (x=15, y =38, z=126, 942 voxels; Fig. 7¢; Table 7).
When we did not apply the anatomic mPFC mask, the above
mPFC cluster extended laterally to right IFG (x=36, y=38,
z=5) and left IFG (x = —33, y=29, z=29) consisting of 2087
voxels. We observed no other significant cluster for self-impor-
tance. Familiarity information was represented in right superior
frontal gyrus (SFG; x=27, y=26, z=53; 303 voxels), and auto-
biographical memory information was represented in right lin-
gual gyrus (x=27, y = —67, z = —1; 440 voxels). Furthermore,
unsurprisingly, word length was strongly associated with
activation patterns in the visual cortex (right: x=12, y = —85,
z=2, and left: x = —9, y = —91, z=2; a total of 2413 voxels).
We observed no significant result for self-descriptiveness
and valence.

Discussion

Previous research has linked the self-reference task to neural
activation in the mPFC (Wagner et al., 2012), but it is unclear
which information about the self is represented in that brain
region. Across two self-reference experiments, while controlling
for potential confounds, we consistently demonstrated that the
mPFC represents how important attributes are to one’s self-
identity. The results suggest that the self-concept is represented
in the mPFC and conceptualized in terms of self-importance,
not self-descriptiveness. Furthermore, in both experiments, the
parametric modulation analysis found no significant activation
in the mPFC. Thus, these results indicate that self-importance
information systematically alters activation patterns, but does
not affect overall activation magnitude in the mPFC. In
experiment 2, we did not observe the relationship between
mPFC neural responses and importance in the other (best
friend) condition, and mPFC activation patterns associated
with each of three levels of importance were generally distinct
between self and best friend, suggesting that the mPFC repre-
sents information about the importance of information spe-
cifically to the self. Taken together, our research improves
understanding about how and where the self is represented in
the brain.

Although we found an association between self-importance
and mPFC activation patterns across two experiments, the self-
importance sensitive mPFC areas did not overlap widely (Fig. 7b).
Given that locations of peak self-related activations reported in
previous neuroimaging studies vary greatly along the z-coordi-
nates (e.g., from z = —10 to z=70; see also Denny et al,, 2012),
there might be considerable individual differences in functional
dissociations within the mPFC. Thus, only focusing on a group
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average may prevent researchers from fully understanding the
role of the mPFC in the self-concept (and the mPFC functions
more generally). Follow-up research should consider and address
this possibility.

Although neuroimaging research has documented the
involvement of the default mode network in the self-refer-
ence task (Qin and Northoff, 2011; Wen et al., 2020), the
current results indicate that only the mPFC is associated
with self-importance. This finding is consistent with a pre-
vious lesion study, which illustrated the mPFC’s crucial role in
accurate and reliable trait knowledge of the self (Marquine et
al., 2016). A patient (J.S., 74-year-old white male) had extensive
damage to the medial prefrontal areas including orbitofrontal
cortex and anterior cingulate gyrus. He and control participants
completed a self-reference task on two occasions using the
same trait adjectives. A male nurse who had known Patient J.S.
for five years also rated patient J.S. on the same traits. Patient J.
S’s ratings were less consistent across two sessions and less
consistent with ratings done by the nurse compared with the
control group. On the other hand, when patient J.S. was asked
to rate the nurse, his ratings were consistent across two sessions
and consistent with ratings done by the nurse himself, indicat-
ing that trait knowledge of another person was preserved. In
similar experiments with various patients (e.g., autism, ADHD,
Alzheimer’s disease), trait self-knowledge was remarkably re-
sistant to neural and cognitive damage (Klein and Lax, 2010).
Thus, to the best of our knowledge, damage to the mPFC is the
only case where trait knowledge of self is impaired, which is in
a sharp contrast to other nonself-related knowledge that is
impaired after damage to parietal, temporal, or frontal areas
(Gainotti, 2000; Neininger and Pulvermiiller, 2003; Damasio et
al., 2004).

We demonstrated across two experiments that self-impor-
tance is represented in the mPFC only during the self-refer-
ence task, whereas stimulus’ perceptual properties (i.e., word
length) are represented in the visual cortex regardless of the
task involved. This task-specific neural representation is con-
sistent with RSA studies on object representations (Bracci et
al., 2017), which showed that information relevant to a given
task is represented in prefrontal and parietal areas only while
performing the task, whereas occipitotemporal areas mainly
represent stimulus’ perceptual properties (e.g., object shape)
regardless of task involved. However, during the self-reference
task, participants judged whether each personality trait
describes them or not; this task does not explicitly require
judging how important each trait is to one’s identity. Hence,
our results suggest an interesting possibility: individuals may
actively use self-importance information of a stimulus when
judging self-descriptiveness. Furthermore, given the lesion
study described above (Marquine et al., 2016), self-importance
information represented in the mPFC might be necessary for
accurate and consistent self-knowledge.

Our findings have far-reaching implications. First, they can
be contextualized in psychological models of the self-concept.
One family of such models depicts the self-concept as an associa-
tive network structure where the self is a central entity (node)
connected to a number of self-relevant features (e.g., “young,”
“university student”) that are themselves connected to each other
(Greenwald and Pratkanis, 1984; Kihlstrom and Cantor, 1984).
Researchers further added associative strength to the network
model so that some of features (nodes) are more or less strongly
connected to the self (and each other; Greenwald et al., 2002).
Although these researchers considered the strength of association
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as “the potential for one concept to activate another” (p 5), its
psychological meaning was unspecified. Our findings suggest
that, for links (edges) directly connected to the self, strength
of association may be understood as degree of self-impor-
tance. Given that associative strength is considered responsi-
ble for reaction time facilitation or inhibition during the
Implicit Association Test (IAT; Greenwald et al., 1998, 2002),
our findings generate a hypothesis about reaction time facili-
tation (e.g., priming effects) based on information self-impor-
tance, but not self-descriptiveness (although factors other
than self-importance are likely to affect reaction times, such as
valence). For example, if being a writer is important to an individ-
ual, processing speed for the word “writer” will be facilitated after
seeing a prime word “self” (or other highly self-important
stimulus). Thus, scores on the self-esteem IAT (Greenwald and
Farnham, 2000) might reflect the self-importance information proc-
essing function of the mPFC as well as the valence processing
function of the reward related network. Largely consistent with
this possibility, individual difference in implicit self-esteem as
measured by the IAT are independently predicted by activation
patterns in the mPFC and those in reward-related brain regions
(Tzuma et al., 2018).

Second, the findings have implications for psychological
research on the link between the self-concept and mental health.
For example, it is possible that people who have greater self-com-
plexity (i.e., higher number of, and great differentiation between,
self-aspects) are less likely to experience depression, physical ill-
ness, and stress in response to aversive events (Linville, 1987),
especially when they perceive high control over their self-aspects
(McConnell et al., 2005). Similarly, individuals who identify with
multiple groups, compared with a single group, report lower
stress levels (Binning et al., 2009). Other lines of research point
to a link between mental conditions or disabilities and the self-
concept. For instance, schizophrenia is associated with changes
in self-identity (Conneely et al., 2021), and individuals with au-
tism manifest atypical neural self-representation (Lombardo et
al., 2010). How information self-importance is represented in
these patients’ brains might shed new light on the nature of men-
tal health, including schizophrenia and autism.

Third, the findings have implications for the long-debated na-
ture of the self among psychologists. One stream of research has
emphasized the cognitive properties of the self (Kihlstrom and
Klein, 1994; Kihlstrom et al., 2003), characterizing its cognitive
structure as complex but ordinary (Greenwald and Banaji, 1989).
Another stream of research has emphasized the motivational
properties of the self (Kunda, 1990; Sedikides and Strube, 1997),
emphasizing its uniqueness (Alicke and Sedikides, 2009;
Sedikides, 2021). Our findings align with the second empir-
ical stream. If the cognitive representation of the self is
unique compared with the cognitive representation of other,
this uniqueness lies in motivation (here, attribute self-impor-
tance) rather than cognition (here, attribute self-descriptive-
ness). Moreover, the findings have implications for the long-
debated nature of the self among philosophers. Numerous phi-
losophers have cast serious doubts on the mere existence of the
self (Hofstadter, 2007; Metzinger, 2009; Baggini, 2011; Midgley,
2014). Here, we countered his viewpoint by providing evidence
for the representation of the self in the brain, not only in terms
self-descriptiveness, but also in terms of self-importance.

In conclusion, research on the self has a long history in psy-
chology (James, 1890), and the question of “where is the self in
the brain?” has attracted keen theoretical and empirical interest
in the last two decades (Craik et al., 1999). While earlier
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neuroimaging studies found a robust link between mPFC activa-
tion and self-reference processing, what information about the
self is processed in the mPFC during a self-reference task has
eluded an answer. Our research pinned down the nature of the
information about the self that is represented in the mPFC:
across two experiments, we demonstrated that information about
self-importance (how important a stimulus is to one’s self-iden-
tity), but not self-descriptiveness, is represented in the mPFC.
Put otherwise, the self-concept is represented in the mPFC in
terms of self-importance. The mPFC is a neural locus of the self-
concept, and this neural system may play a pivotal role in main-
taining an accurate and consistent self-concept.
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