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Abstract

The self-concept consists of both a general (context-independent) self-representation and a set
of context-dependent selves that represent personal attributes in particular contexts (e.g., as a
student, as a daughter). To date, however, neuroimaging studies have focused on general self-
representations, such that little is known about the neural correlates of context-dependent self-
knowledge. The present study aimed at investigating this issue by examining the neural
correlates of both kinds of self-knowledge. Participants judged the extent to which trait
adjectives described their own personality or the personality of a close friend, either in a
specific context (i.e., as a student) or in general. We found that both kinds of self-judgments
were associated with common activation in the medial prefrontal cortex (MPFC), as compared
to judgments about others. Interestingly, however, there were also notable differences
between self-judgments, with context-independent judgments being associated with higher
activity in the MPFC, whereas context-dependent judgments were associated with greater
activation in posterior brain regions (i.e., the posterior cingulate/retrosplenial cortex). These
findings show that context-independent and context-dependent self-referential judgments
recruit both common and distinct brain regions, thereby supporting the view that the self-
concept is a multi-dimensional knowledge structure that includes a general self-representation

and a set of context-specific selves.
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1. Introduction

The notion of self is a complex, multi-dimensional construct that has been much discussed
and investigated in philosophy, psychology and, more recently, neuroscience (Conway, 2005;
Damasio, 1999; Gallagher, 2000; Klein & Gangi, 2010; Leary & Tangney, 2003; Neisser,
1988; Northoff & Bermpohl, 2004). One particular aspect of the self that has attracted
growing theoretical and empirical attention is the self-concept or self-schema, which refers to
the collection of representations that an individual has about his or her personal characteristics

and attributes (Brewer, 1988; Markus, 1977; Renoult et al., 2012).

The self-concept is most frequently investigated using trait judgment paradigms in which
participants are asked to decide whether a given trait describes their personality (e.g., Kelley
et al., 2002; Rogers et al., 1977). Recent neuroimaging studies have shown that this kind of
self-referential judgment activates cortical midline structures (CMS), including the medial
prefrontal cortex (MPFC) and posteromedial cortices (for meta-analyses, see Araujo et al.,
2013; Murray et al., 2012; van der Meer et al., 2010; Van Overwalle, 2009). It remains
unclear, however, whether these brain regions are specialized in self-related cognition or play
a broader role in person knowledge (Wagner et al., 2012; Welborn & Lieberman, 2015).
Furthermore, the role of CMS in representing different facets of the self-concept remains to be

investigated in detail.

The self-concept is both stable, in the sense that diverse self-aspects are integrated in a
coherent long-term representation, and variable, in the sense that self-representations can vary
across time and contexts (Baumeister, 2011; Markus & Wurf, 1987; McConnell et al., 2012;
Prebble et al., 2012). To account for this unity and multiplicity of self-views, it has been
suggested that the self-concept consists of both a general self-representation and a set of
context-dependent selves (Schell et al., 1996). This view holds that self-knowledge is

organized in memory in a hierarchical fashion: the top of the hierarchy includes a general
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(context-independent) representation of the self, which branches into more specific self-
aspects that represent personal attributes in particular contexts (e.g., as a student, as a
daughter, when meeting new people, and so on). General self-knowledge consists of abstract
summary representations of one’s personal attributes that have emerged, but are represented
independently, from past experiences in multiple contexts (Klein & Lax, 2010; Schell et al.,
1996). By contrast, context-dependent self-views are more specific representations of one’s
personal attributes that serve to guide one’s behavior in particular contexts (McConnell,
2011). These self-representations are thus more likely to include knowledge of specific
behaviors one has performed in particular settings (Schell et al., 1996), although they
typically describe attributes (e.g., traits) that have been derived from multiple personal
experiences in a given context (e.g., “As a student, I am conscientious”; McConnell, 2011).
While behavioral data provides support for this hierarchical model of self-knowledge (Schell

et al., 1996), little is known about the neural correlates of context-dependent self-knowledge.

A recent meta-analysis by Martinelli et al. (2013) has revealed that the retrieval of self-
knowledge is associated with a shift from posterior to anterior structures with increasing
abstraction of self-representations. More specifically, these authors found that abstract self-
representations (i.e., trait self-knowledge and semantic knowledge of facts about one’s life)
mainly recruited medial prefrontal structures, whereas memories for specific past experiences
were associated with additional activations in posterior regions (including the medial temporal
lobes). According to the authors, this may be due to the involvement of posterior regions in
recollection processes, whereas medial prefrontal regions are involved in self-referential

assessment (Martinelli et al., 2013).

Previous neuroimaging studies thus suggest that abstract self-knowledge and memories
for specific experiences are associated with different patterns of activation along

anterior/posterior brain structures. It remains unknown, however, whether different levels of



abstraction within the self-concept (i.e., general versus context-specific self-knowledge) are
associated with a similar shift in the recruitment of anterior and posterior structures. One
possibility is that context-dependent self-knowledge relies on specific event representations
(e.g., memories of one’s behavior in specific situations) to a greater extent than context-
independent self-knowledge (Schell et al., 1996), thus recruiting posterior brain regions
involved in episodic memory retrieval. Another possibility would be that both kinds of self-
knowledge rely on an abstract knowledge base that is independent of memories for specific
past events. On this latter view, context-independent and context-dependent self-knowledge
would both depend on semantic memory representations (i.e., context-dependent self-
knowledge would involve descriptive attributes that have been abstracted from a number of
specific episodes within a given context; McConnell, 2011), and thus should not recruit

posterior structures involved in episodic remembering.

To test these hypotheses, we conducted an fMRI study in which participants were
instructed to reflect on their own traits and those of a close friend, either in general or in a
specific context; a control condition, in which participants judged the valence of traits, was
also included. This allowed us (1) to identify brain regions that are activated by each of the
four trait judgment conditions compared to the control condition; (2) to determine what brain
regions are involved in making self- versus other-referential judgments in general and in a
specific context; and (3) to investigate whether context-independent and context-dependent
self-judgments are associated with differential brain activation, notably in posterior structures

supporting episodic memory.

2. Material and methods

2.1.Participants

Data were acquired from 20 right-handed French-speaking young adults (12 women;

mean age = 22 years, SD = 2, range: 19 to 26 years) who were all students at the University of
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Liege. Five additional participants were excluded from the analysis due to excessive motion
in the scanner (two participants), a very low correlation (i.e., < 0.40; two participants)
between trait descriptiveness ratings obtained during the scanning and post-scan sessions
(suggesting that their judgments were not reliable; all other participants had correlations >
0.60), or felt dizzy in the scanner (one participant). Prior to their inclusion, written informed
consent was obtained from all the participants enrolled in the study. None of them had any
history of neurological or psychological disorder. This study was approved by the Ethics

Committee of the Faculty of Medicine of the University of Liege.

2.2.Tasks and procedure

Before the experiment, participants were asked to identify someone they personally know
well (a close friend) and whom they see at the university. This person was used when it was

requested to judge personality traits in reference to a close friend during the scanning session.

In the scanning session, participants were instructed to make different types of judgments
on a series of adjectives describing personality traits. First, as in previous studies about the
neural correlates of trait self-knowledge, participants made some general self-referential
judgments. In this condition, they were asked to evaluate the extent to which each presented
trait describes their personality in general, that is, their usual way of being, thinking and
behaving, independently of the specific context or situation in which they find themselves
(e.g., “In general, I am courageous”). Similar general judgments were also made in reference
to their friend (e.g., “In general, Sarah is courageous”). Second, participants made a series of
context-specific self- and other-referential judgments. Given that all participants were
university students, the context of the university was considered as an ideal and well-defined
setting for making context-specific judgments. Accordingly, for context-specific self-
referential judgments, participants were required to evaluate the extent to which each

presented trait describes them at the university, that is, their way of being, thinking and
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behaving in the specific context of the university (e.g., “At the university, [ am courageous”).
Similar context-specific judgments were also made in reference to their friend (e.g., “At the
university, Sarah is courageous”). Finally, a control condition was included in which
participants were invited to judge to what extent each adjective referred to a positive trait.
This control condition required to process the semantic meaning of the stimuli without

reflecting on the psychological characteristics of a particular individual.

In all five conditions, the same set of 40 trait adjectives was used (20 positive and 20
negative traits selected from Anderson, 1968, and translated into French; e.g., sincere,
reliable, lazy). All trials were presented in a single session, using a block design (with 10
blocks per condition) and a different random order for the five conditions was generated for
each participant. Each block started with a brief instruction screen informing participants
about the type of judgment they had to make (1500 ms). Then, four adjectives were
successively presented for 3500 ms each (with a variable inter-stimulus interval of 750-1250
ms). For each adjective, participants were required to make their judgment by pressing one of
four buttons (1 = “not at all”, 2 = “a little”, 3 = “quite well”, 4 = “completely”). Between each
block, a fixation cross appeared on the screen for a variable duration between 1000 and 3000
ms. Before the scanning session, participants performed practice trials (with different traits) in

order to become familiar with the task.

Immediately following the scanning session, participants completed a series of post-scan
judgments on a computer in a quiet room. The same trait adjectives were presented and, for
each trait, participants were asked to perform the same descriptiveness judgments as in the
scanning session (i.e., they were required to evaluate the extent to which each presented trait
describes themselves or their close friend, in the context of the university or in general). In
addition, they were asked to perform two other kinds of judgments: first, they rated the

difficulty they had to make the descriptiveness judgment during the scanning session (1 =



“very easy”, 2 = “quite easy”, 3 = “quite difficult”, 4 = “very difficult”); second, they were
asked to indicate whether some specific events came to mind when they made their judgment
during the scanning session (1 = “no specific event”, 2 = “one specific event”, 3 = “several

specific events”, 4 = “a lot of specific events”).

2.3.MRI acquisition

MRI data were acquired on a 3-T head-only scanner (Magnetom Allegra, Siemens
Medical Solutions, Erlangen, Germany). Multislice T2*-weighted functional images were
acquired with a gradient-echo echo-planar imaging (EPI) sequence using axial slice
orientation and covering the whole brain (TR = 2040 ms, TE = 30 ms, FoV =192 x 192 mm?,
matrix size 64 x 64 x 34, voxel size 3 x 3 x 3 mm3). Structural images were obtained using a
T1-weighted 3-D MP-RAGE sequence (TR = 1960 ms, TE = 4.4 msec, FoV = 230 x 173
mm2, matrix size 256 x 192 x 176, voxel size 0.9 x 0.9 x 0.9 mm3). Head motion was

restricted by placement of comfortable padding around the subject’s head.

2.4.MRI analyses

Data were preprocessed and analyzed using Statistical Parametric Mapping (SPM) 12
software (www.fil.ion.ucl.ac.uk/spm) implemented in MATLAB 2015b (Mathworks Inc.,
Sherborn, MA). Functional scans were preprocessed by realigning all volumes by using
iterative rigid body transformations that minimize the residual sum of squares between the
first and subsequent images. The first three volumes were discarded to avoid T1 saturation
effects. The scans were normalized to the MNI EPI template (voxel size: 2 x 2 x 2 mm?3) and
spatially smoothed with a Gaussian kernel with full width at half maximum (FWHM) of 8

mm.

Preprocessed fMRI data were analyzed for each subject using a general linear model with

epoch regressors. Blocks were modeled separately for the five conditions (“Self General”,



“Self Specific”, “Other General”, “Other Specific”, and control condition), with each block
corresponding to the period starting with the appearance of the first trait on the screen and
ending with the disappearance of the fourth (and last) trait. The design matrix also included
the realignment parameters to account for any residual movement-related effect. The
canonical hemodynamic response function was used and a high pass filter was implemented
using a cut-off period of 128 s in order to remove the low-frequency drifts from the time
series. Serial autocorrelations were estimated with a restricted maximum likelihood algorithm
with an autoregressive model of order 1 (+ white noise). For each participant, contrasts were
calculated to identify differential activity associated with (1) each type of trait descriptiveness
judgments compared to the control task (“Self General” > control, “Self Specific” > control,
“Other General” > control, “Other Specific” > control), (2) general judgments about the self
versus a close other (“Self General” > “Other General”), (3) judgments about the self versus a
close other in a specific context (“Self Specific” > “Other Specific”), and (4) judgments about
the self in general versus in a specific context (“Self General” > “Self Specific”, “Self
Specific” > “Self General™). Finally, because examination of parameter estimates suggested a
gradient of activity in the MPFC across four trait descriptiveness judgements (see Results
section), we investigated whether this gradient of activation was reliable by setting up a linear
contrast across the four conditions (“Self General” > “Self Specific” > “Other General” >

“Other Specific”).

The individual contrast images were then entered into second-level random-effects
analyses using one-sample t-tests. To examine brain regions that were commonly engaged
when making self versus other judgments in general and in a specific context, a conjunction
analysis (conjunction null; Friston et al., 2005) was performed with the two contrast images.
For all analyses, statistical parametric maps (SPMs) were thresholded at p < .001,

uncorrected, and statistical inferences were corrected for multiple comparisons at the voxel



level (p < .05, FWE-corrected) using a small volume correction (SVC) within a priori regions
of interest. These a priori regions of interest corresponded to brain areas that have been

previously related to self-referential processing, as determined by a meta-analysis performed

with Neurosynth (Yarkoni et al., 2011; www.neurosynth.org). We searched the Neurosynth
database for coordinates linked to the term “self-referential”, resulting in the identification of
127 studies. As described in more detail in Yarkoni et al. (2011), whole-brain binary
activation images were generated for each published manuscript containing the a priori search
term at high frequency by setting the intensity of a voxel to “1” if it fell within 4 mm of a
fMRI coordinate reported in the manuscript, or “0” otherwise. Statistical analyses were
calculated by aggregating the articles using 2 tests of statistical independence, testing the
dependency between the presence of the search term and the presence of activation (voxel
assigned “1” versus “0”). These statistical maps were then corrected for multiple comparisons
by setting the whole-brain false discovery rate (FDR) to p <.05. For the purposes of the
present study, we focused on the “reverse inference” map (the posterior probabilities that a
search term was used in an article given the presence of activation) because it reveals neural
systems that discriminate cognitive functions rather than being non-specifically invoked by
many different functions. This map included 68 clusters (including the MPFC, posterior
cingulate/precuneus, angular gyrus, and lateral temporal cortex), which were combined into a
single mask (total number of voxels: 3566) that was used for the SVC. Regions outside a
priori areas of interest are reported if they survived a threshold of p < .05, corrected for

multiple comparisons (FWE) over the whole brain.

3. Results

3.1.Behavioral data

Response times (RTs) for judgments made in the scanner differed across the five

judgment conditions, as revealed by a one-way repeated-measures ANOVA, F(4, 76) = 12.80,
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p < .001; post-hoc tests (Bonferroni-corrected) indicated that valence judgments were made
faster than trait judgments (all ps < .005), with no significant differences between the four

types of trait judgments (see Table 1 for mean RTS).

Correlations between the ratings of trait descriptiveness obtained during the scanning and
post-scan sessions were computed for each participant and for each type of trait judgment
(i.e., “Self General”, “Self Specific”, “Other General”, “Other Specific”). This showed that
participants made reliable judgments in all conditions (see Table 1). To investigate whether
the consistency of trait judgments varied across conditions, correlation coefficients were
Fisher z-transformed and entered into a one-way repeated-measures ANOVA. This showed
that the size of correlations between descriptiveness ratings differed significantly between
conditions, F(3, 57) = 7.75, p < .001, and post-hoc tests (Bonferroni-corrected) indicated that
descriptiveness judgments were significantly more consistent for general self-judgments
compared to general and specific other-judgments (ps < .005); the other comparisons were not
statistically significant (ps > .05). To investigate to what extent representations of the self in
the specific context of interest (i.e., as a student) overlapped with general self-representations,
we also examined the correspondence between specific self-judgments made during scanning
and general self-judgments made during the post-scan session. This showed that, on average,
specific and general self-judgments were not positively correlated to each other, r = -0.05,
95% CI [-0.09, -0.02], suggesting that the two kinds of judgments relied on distinct self-
representations. The comparison of Fisher's z-transformed correlation coefficients confirmed
that the correspondence between specific and general self-judgments was significantly lower
than the correspondence between general self-judgments across the scanning and post-scan

sessions, t(19) = 22.46, p < .001.

The four types of trait judgments did not differ in terms of difficulty (as estimated by the

ratings obtained during the post-scan session), F(1.83, 34.69) = 3.25, p = .055 (the
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Greenhouse-Geisser correction was applied because the assumption of sphericity was
violated; see Table 1 for mean ratings). On the other hand, there was a significant difference
between the four trait judgments for ratings of the amount of specific events recalled, F(2.28,
43.27) = 9.46, p < .001. Post-hoc tests (Bonferroni-corrected) indicated that ratings were
higher for general self-judgments than for context-specific self- and other-judgments (ps <
.05); the other conditions did not differ from each other (see Table 1 for mean ratings).
Although statistically significant, it should be noted that these differences were small (the
largest difference being 0.12 on the 4-point rating scale) and the average rating was about 2

(indicating the recall of a single event) in all conditions.

Table 1. Behavioral data.

Conditions

Self General ~ Self Specific ~ Other General  Other Specific Control

Response time (msec) 1746 (288) 1766 (293) 1747 (302) 1804 (320) 1580 (240)
Consistency of trait 0.88 (0.06) 0.85 (0.06) 0.80 (0.14) 0.80 (0.13) -
descriptiveness (correlation)

Difficulty 167 (0.39)  1.74 (0.47) 1.58 (0.33) 1.71 (0.44) -
Recall of specific events 2.12 (0.73) 1.87 (0.66) 1.99 (0.62) 1.82 (0.57) -

Note: SDs are shown in parentheses.
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3.2.fMRI data

3.2.1. Neural correlates of trait descriptiveness judgments

We first examined brain regions that showed higher activity for each of the four
descriptiveness judgment conditions (“Self General”, “Self Specific”, “Other General”,
“Other Specific”) compared with the control task. This showed that the four types of trait
descriptiveness judgments activated CMS, including the MPFC and the posterior cingulate

cortex/precuneus (see Table 2, Figure 1).

Table 2. fMRI activations associated with each type of trait descriptiveness judgment.

Contrasts Brain regions MNI coordinates K t-values
X y z

Self General > Control Precuneus/posterior cingulate cortex -2 -58 20 638 15412
Medial prefrontal cortex -6 48 -10 1435 8.95¢2
L superior frontal gyrus -22 32 48 49 7.502
L middle temporal gyrus -58 -2 -24 16 6.44¢
Anterior cingulate cortex 2 34 4 8 5.882
Lingual gyrus 8 -86 -6 1347  8.83°
R angular gyrus 52 64 34 135 8.58"
R caudate 12 4 14 417 8.19°
L inferior frontal gyrus -44 28 -8 604 7.49°

Self Specific > Control Precuneus/posterior cingulate cortex 4 -56 16 654 13.442
Lingual gyrus -8 -48 0 77 11.16%
Medial prefrontal cortex -8 58 -8 172 6.88¢
L superior frontal gyrus -20 32 42 41 6.42¢
L angular gyrus -48 -70 26 37 6.292
Medial prefrontal cortex 2 52 20 260 5.75¢
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L middle temporal gyrus -58 -6 -22 8 5.35¢

Lingual gyrus -4 -86 -8 731 5.83"
R superior frontal gyrus 22 26 46 129 7.12°
Other General > Control  Precuneus/posterior cingulate cortex -2 -58 20 661 14.58°2
Lingual gyrus -8 -48 0 70 8.02°2
Medial prefrontal cortex -4 56 30 284 8.012
Medial prefrontal cortex 0 58 -12 133 7.11°
L superior frontal gyrus -20 32 42 38 7.11%
L middle temporal gyrus -60 -4 -22 15 6.47°
R middle temporal gyrus 56 -10 -22 56 5.924
Lingual gyrus -6 -86 -6 1694  13.41°
Other Specific > Control ~ Precuneus/posterior cingulate cortex -2 -58 22 688 13.02#
L middle temporal gyrus -58 -10 -18 19 8.23%
L angular gyrus -44 -64 26 37 6.18%
L superior frontal gyrus -20 32 42 40 4.45%
Medial prefrontal cortex -2 58 -12 47 5.67%
R middle temporal gyrus 56 -10 -22 57 5.594
R angular gyrus 48 -62 28 93 5.40%
Lingual gyrus -4 -86 -6 846  11.70°
L middle temporal gyrus -50 -68 22 436 8.77°

L = left hemisphere; R = right hemisphere; 2 Significant at p < .05 corrected for multiple comparisons at the
voxel level over a priori regions of interest (see Method and material section for details); ® Significant at p < .05
corrected for multiple comparisons at the voxel level over the entire volume.
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Figure 1. Brain activity involved in each descriptiveness judgment condition compared to the
control task (SG = Self General; SS = Self Specific; OG = Other General; OS = Other
Specific; C = Control). Displayed at p < .001 (uncorrected and inclusively masked with a
priori regions of interest from the Neurosynth meta-analysis) on an inflated surface map
(population average landmark surface: PALS-B12) using CARET software (Van Essen,
2005).

3.2.2. Self- versus other-referential judgments in general and in a specific context

We next investigated brain regions that were involved in making self- versus other-
referential judgments, in general and in a specific context. We found that the MPFC was more
activated when making judgments about the self compared to judgments about the other
person, both when judgments referred to the person in general (MNI coordinates of peak
voxel: -2, 42, 0; k = 134; t-value = 4.12, psvc = .037) and when judgments referred to the
person in a specific context (MNI coordinates of peak voxel: -2, 48, -8; k = 145; t-value =

6.80, psve = .002).
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A conjunction analysis between these two independent contrasts confirmed that both types
of self-referential judgments were associated with common activation in the MPFC (MNI
coordinates of peak voxel: -4, 48, -6; k = 58; t-value = 4.54, ps.c = .04) (Figure 2A).
Examination of parameter estimates for each trait judgment condition suggested a gradient of
activation in this medial prefrontal region across the four conditions (Figure 2B). To
investigate whether this gradient of activation was reliable, we set up a linear contrast across
the four conditions (see Material and methods). This analysis yielded a significant cluster in
the MPFC (MNI coordinates of peak voxel: 8, 42, -2; k = 393; t-value = 7.60, psvc = .001),
thus providing more direct evidence for a gradient of medial prefrontal activity across the four

conditions.

(A) (B) 4486

Self General

Self Specific

I

Mean parameler estimates

Other General

Other Specific

Figure 2. (A) Medial prefrontal region commonly activated when making self-referential
judgments in general and in a specific context (relative to corresponding other-referential
judgments), as revealed by the conjunction analysis between the contrasts Self General >
Other General and Self Specific > Other Specific. Displayed at p < .001 (uncorrected and
inclusively masked with a priori regions of interest from the Neurosynth meta-analysis) on the
mean structural image of the participants. The color bar represents T-values. (B) Mean
parameter estimates for each trait judgment condition (relative to baseline) for the peak voxel
(coordinates: -4, 48, -6) identified in the conjunction analysis (error bars represent the
standard error of the mean).
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3.2.3. Context-independent versus context-dependent self-judgments

The preceding analyses indicated that general and context-specific self-referential
judgments were associated with common brain activations. Next, we sought to identify
possible differences in the neural correlates of these two kinds of self-referential judgments by
directly comparing them to each other. This analysis revealed that general judgments about
the self were associated with increased activation in the MPFC (MNI coordinates of peak
voxel: 6, 50, 20; k = 56; t-value = 5.48, psvc =.024; and 2, 40, 2; k = 71; t-value = 5.43, psvc =
.027; Figure 3). On the other hand, context-specific judgments about the self were associated
with  greater activations in some posterior regions, including the posterior
cingulate/retrosplenial cortex (MNI coordinates of peak voxel: -8, -48, 2; k = 43; t-value =
5.91, psvc = .011; and -8, -60, 10; k = 63; t-value = 5.50, psvc = .024; Figure 3). However, we
did not find differential activation in the medial temporal lobes, even at a lower statistical

threshold (p < .005, uncorrected).

3.2.4. Between-conditions differences in activity are independent of RTs

Finally, to investigate whether the differences in activity between the two self conditions
observed in the preceding analyses reflect differences in neural engagement or differences in
effortful memory search processes during retrieval, we performed additional analyses using
RTs (Taylor, Rastle, & Davis, 2014). Specifically, rather than using block regressors at the
first level, trials of the two self conditions were modelled using epochs of 3500 ms
(corresponding to the presentation of each trait on the screen) and two parametric modulators
were added: one coding RT (in ms), and the other coding the type of judgments (1 for
context-independent or 0 for context-dependent). In this model, the RT (first) parametric
modulator captures neural response differences that are due to processing effort, whereas the
task (second) parametric modulator captures differential engagement for context-independent

versus context-dependent self-judgments, independent of RT differences (Taylor et al., 2014).
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In other words, the task regressor was orthogonalized with respect to RT (because SPM
automatically orthogonalizes a parametric regressor with respect to the ones preceding it;

Mumford, Poline, & Poldrack, 2015).

The results confirmed that context-independent self-judgments recruited the MPFC to a
greater extent than context-dependent self-judgments (MNI coordinates of peak voxel: 2, 40,
2; k = 44; t-value = 5.16, psvc = .044; and 6, 50, 20; k = 24; t-value = 5.18, psvc = .043),
whereas context-dependent self-judgments were associated with higher activation in the
posterior cingulate/retrosplenial cortex (MNI coordinates of peak voxel: -10, -48, 4; k = 44; t-
value = 6.20, pswe = .006; and -8, -60, 10; k = 100; t-value = 5.75, psve = .015). These
additional analyses suggest that the effect of task condition reflects differences in neural

engagement between the two types of self-judgments and not differences in retrieval effort.

SSvs SG

Figure 3. Brain regions associated with differential activation for general versus context-
specific self-judgments. Regions showing increased activation for general judgments are
shown in blue and regions showing increased activation for context-specific judgments are
shown in red. Displayed at p <.001 (uncorrected and inclusively masked with a priori regions
of interest from the Neurosynth meta-analysis) on the mean structural image of the
participants. SG = Self General; SS = Self Specific.
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4. Discussion

With the advent of neuroimaging techniques, important progress has been made in
identifying the neural correlates of the self-concept (Araujo et al., 2013; Murray et al., 2012;
van der Meer et al., 2010; Van Overwalle, 2009; Wagner et al., 2012). However, most studies
to date have focused on general, context-independent self-representations, such that little is
known about the neural basis of more specific, context-dependent self-knowledge. The aim of
this study was to investigate the neural correlates of both types of self-representations. To this
end, we asked participants to make self- and other-referential judgments in general and in
reference to a specific context (i.e., as a student). In line with earlier research, we found that
self- and other-judgments were associated with increased activity in CMS (i.e., medial
prefrontal and posteromedial cortices) compared to a semantic control condition. More
importantly, we also observed that context-independent and context-dependent self-judgments
were associated with both common and distinct neural correlates. Both kinds of self-
judgments were associated with greater activation in the MPFC compared to corresponding
judgments about a close other. However, context-independent self-judgments recruited the
MPFC to a greater extent than context-dependent self-judgments, whereas the latter were
associated with higher activation in some posterior brain regions (i.e., the posterior

cingulate/retrosplenial cortex).

Compared to control semantic memory judgments, evaluating the extent to which traits
applied to the self or another individual was associated with activation in CMS, in line with
the idea that these regions play a central role in self-related cognition and person knowledge
(Van Overwalle, 2009; Wagner et al., 2012). Importantly, however, the results also showed
that the MPFC was more activated when making self-related judgments than when making
judgments about a close other (see also Benoit et al., 2010; D’ Argembeau et al., 2007, 2008;

Heatherton et al., 2006; Krienen et al., 2010; but see Ochsner et al., 2005, Vanderwal et al.,
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2008, for divergent findings), and this difference was observed for both context-independent
and context-dependent judgments. Furthermore, the same region of the MPFC was more
activated for context-independent than for context-dependent self-judgments. Taken together,
these findings show a gradient of activation in the MPFC, with increasing activity from other-
related judgments to context-specific self-judgments to general self-judgments (see Figure
2B). This gradient was located in a ventral region of the MPFC that is typically activated
when making judgments about the self and close/similar others (whereas judgments about
non-close/similar other are associated with more dorsal MPFC activations; e.g., Mitchell et
al., 2006; Murray et al., 2012) and the present results thus demonstrate that the involvement of

the ventral MPFC depends on the specificity of trait judgments.

Although the MPFC is undoubtedly the brain region that has been most consistently
associated with thinking about the self and others (for meta-analyses, see Araujo et al., 2013;
Denny et al., 2012; Martinelli et al., 2013; Murray et al., 2012; Northoff et al., 2006; van der
Meer et al., 2010), its exact function remains unclear (for different views, see e.g.,
D’Argembeau, 2013; Flagan & Beer, 2013; Moran et al., 2013; Welborn & Lieberman, 2015).
One possibility is that the MPFC supports the processing of pre-existing knowledge, such as
schemas (Gilboa & Marlatte, 2017), that people use for making self- and other-referential
judgments. Schemas are superordinate knowledge structures that represent abstracted
commonalities across multiple experiences, and neuroimaging studies have indeed shown that
the MPFC plays a central role in schema processing (for reviews, see Brod et al., 2013;
Gilboa & Marlatt, 2017; Van Kesteren et al., 2012). In particular, recent findings have
demonstrated that the MPFC is implicated in the retrieval of schema-congruent information
(Brod et al, 2015; Berkers et al., 2017). People not only possess abstract, summary
representations of their own personal attributes (i.e., self-schemata; Markus, 1977) but also

general representations about well-known others. However, these two forms of trait
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knowledge are functionally independent (Klein & Lax, 2010), and there is evidence that
general self-representations form a particularly elaborated and organized knowledge structure
(Symons & Johnson, 1997). The present result showing that general self-descriptiveness
judgments were the most consistent between the scanning and post-scan sessions is in line
with this view. Therefore, our fMRI data showing higher activation of the MPFC when
making context-independent self-judgments might be related to the greater amount or richness
of information contained within general self-knowledge (e.g., more elaborated schemas), as
compared to context-dependent self-knowledge and knowledge about other individuals (see
also Welborn & Lieberman, 2015, for evidence that the MPFC shows greater activity when
evaluating persons about whom one has more knowledge). The exact processing operations at
play remain to be determined, however. Possible explanations of the observed activity include
that the MPFC represents summary “trait codes” (Ma et al., 2014), acts as an integrative hub
for self-representations (Moran et al., 2013; Sui & Humphreys, 2015), or plays a role in
schema instantiation and schema-mediated retrieval processes (Brod et al., 2015; Gilboa &

Marlatte, 2017).

While context-independent self-judgments were associated with higher activity in the
MPFC compared to context-dependent self-judgments, the reverse contrast revealed higher
activity in the posterior cingulate/retrosplenial cortex. Activations in these posterior regions
have been associated with the retrieval of specific events (Martinelli et al., 2013; McDermott
et al., 2009; Spreng et al., 2009), and thus one could argue that they might reflect the
contribution of episodic memories to context-dependent self-judgments. However, our results
do not provide clear evidence for a special role of episodic memory in context-dependent self-
knowledge. Indeed, participants did not estimate that they recalled more episodic memories
when making context-dependent judgments than context-independent self-judgments; if

anything, the difference was in the opposite direction, although it was small and, on average,
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participants indicated that they recalled only about one specific event for each type of
judgments.® Furthermore, we did not find differential activation in other regions that are
typically associated with the retrieval of specific memories, such as medial temporal lobe
structures (Martinelli et al., 2013; McDermott et al., 2009; Spreng et al., 2009). Overall, then,
the present results do not provide conclusive evidence that context-dependent self-judgments
rely on episodic memory to a greater extent than context-independent self-judgments. Another
possibility is that the activation of posterior regions when making context-dependent self-
judgments reflects the retrieval of more general contextual associations or situation models
(e.g., typical places, objects, people or activities that are associated with a given trait; see e.g.
Bar & Aminoff, 2003; Ranganath & Ritchey, 2012). This interpretation should be taken with
caution, however, as it relies on reverse inference (Poldrack, 2006). Further studies need to be

conducted to better understand the mechanisms underlying context-dependent self-judgments.

Although the present results seem in contradiction to the study of Schell and colleagues
(1996) showing that context-dependent self-judgments rely on specific memories to a greater
extent than general self-judgments, this might be related to differences in the methods used to
assess the contribution of episodic memories. Indeed, as noted above (see also footnote 1), the
ratings made by participants in the present study might not only reflect the retrieval of trait-
consistent memories but also the retrieval of trait-inconsistent memories, whereas the priming
paradigm used by Schell et al. (1996) specifically measured the retrieval of trait-consistent

memories. Our results might thus be due to distinct contributions of trait-inconsistent and

1 The fact that participants indicated that they recalled, on average, about one specific event when making a
general self-judgment requires further discussion. Indeed, previous studies have shown that making general trait
judgments about the self does not facilitate the retrieval of specific memories in which one displayed behavior
relevant to the trait in question, thus providing evidence that trait self-judgments do not involve episodic
memories but instead rely on pre-existing summary representations that are stored in semantic memory (for
review, see Klein & Lax, 2010). While the present results may at first sight seem in contradiction with these
findings, a possible explanation is that the memories recalled in the present study when making general self-
judgments referred to trait-inconsistent rather than trait-consistent episodes. Indeed, there is evidence that the
activation of trait summaries can prime the retrieval of trait-inconsistent episodic memories, which serve to
delimit the scope of general self-knowledge (e.g., “I am usually calm, except the last time I talked about politics
with David”; Klein et al., 2001). The post-scan ratings obtained in the present study might thus indicate the
retrieval of such trait-inconsistent memories when making general self-judgments.
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trait-consistent memories to context-independent and context-dependent self-knowledge.
Whatever it may be, the present fMRI data showing that context-dependent and context-
independent self-judgments were not positively correlated and were associated with
distinguishable patterns of brain activation are in line with the view that the self-concept is not
a unitary structure, but includes both a general self-representation and a set of context-specific

selves.

A number of limitations of the present study need to be considered. First, the same trait
adjectives were presented in the five rating conditions. This was done in order to ensure that
variations in brain activity across conditions are not due to particular properties of the
presented adjectives. It should be acknowledged, however, that this might have led to some
“contaminations” between the different kinds of judgments (e.g., when making a particular
judgment, a participant might remember how he or she judged the same adjective in another
condition). This potential issue was limited by randomizing the order of presentation of traits,
but it would be valuable in future studies to replicate the present results with different sets of
traits for each condition. Second, the activation of episodic memories when making self- and
other-referential judgments was assessed retrospectively (during the post-scan session), so it
is possible that these evaluations were biased to some extent (e.g., due to forgetting).
However, it should be noted that post-scan judgments were administrated immediately
following the scanning session and we found that descriptiveness judgments were highly
consistent between the scanning and post-scan session; thus, we are inclined to believe that
the post-scan ratings were reliable. Finally, the present study involved only one context-
dependent self (i.e., the self-as-student). For our participants who were all college students,
being a student is probably an important part of their self-concept for which they have quite
elaborate knowledge. It would be interesting in future studies to assess other types of context-

dependent selves and to investigate whether the neural correlates of context-dependent self-
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judgments vary according to the amount of knowledge and personal importance of the

context-specific self under consideration.

In conclusion, our results show that context-independent and context-dependent self-
referential judgments are associated with both common and distinct patterns of brain
activations, thus providing evidence that the self-concept is not a unitary structure, but instead
a multidimensional construct that includes a general self-representation and a set of context-
specific selves. Furthermore, our findings indicate a gradient of activation in the MPFC, with
increasing activity from other-related judgments to context-specific self-judgments to general
self-judgments. This modulation of MPFC activity might reflect the amount or richness of

pre-existing knowledge associated with self- and other-representations.
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