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Abstract 

Prior neuroimaging studies revealed neural correlates for various aspects of self processing, but did 

not identify the neural representation of the self in terms of personality traits isolated from other processes. 

To identify this representation of the self, we used functional magnetic resonance imaging (fMRI) repetition 

suppression which is based on the assumption that repeated processing of the same stimulus results in 

decreased activation of the neural population representing this stimulus. Participants read two successive 

trait implying behavioral descriptions in which the agent was twice the self, the self and a close other or two 

different close others. The results revealed suppression in the ventral part of the medial prefrontal cortex 

(vmPFC) for repeated self descriptions; and also when a close other description preceded a self-description 

(but not in the reverse order). We conclude that the vmPFC represents knowledge on one’s personality, and 

that close others automatically recruit this self-presentation because of an asymmetric perceived similarity in 

which close others are typically seen as more similar to the self than the other way around.  
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Introduction 

We all function in a social world in which we internalize the ideas, perspectives and characteristics 

of other people through interaction. These internalizations help us to monitor, regulate and reflect on 

ourselves in order to navigate appropriately in social contexts (Decety & Sommerville, 2003).  Although our 

self-concept is developed through others, it is not only social but also unique. It involves the person we have 

most knowledge of. This vast amount of self-experience influences how we process information about the 

self and other people (Wagner, Haxby, & Heatherton, 2012).  

Although there are multiple distinguishable aspects of the self that are supported by different 

processes, the current study focuses on the self, defined as an object of knowledge, represented and 

evaluated in terms of one’s personality traits. This is part of a more broadly defined “conceptual self” that 

not only encompasses the self in terms of an attributed personality but also other attributed characteristics 

such as beliefs, values, and social status (D’Argembeau, 2013; Klein & Gangi, 2010; Murray, Schaer, & 

Debbané, 2012; Prebble, Addis, & Tippett, 2013). More specifically, we investigate where this aspect of the 

self’s personality is neurally represented in the brain. Although a wide range of research already investigated 

the neural correlates of this and other approaches of self processing (e.g. Araujo, Kaplan, Damasio, & 

Damasio, 2015; D’Argembeau & Salmon, 2012; Kelley et al., 2002), less is known about the neural 

representation of the self, that is, where the self is encoded in the brain.  

When investigating neural representations of the self, it can be difficult to distinguish the self from 

other processing as demonstrated by research on self-other distinctions which reveals that persons 

sometimes confuse their own characteristics with others (Tamir & Mitchell, 2010; Wittmann et al., 2016) 

and that self and other processing can activate similar brain regions (Murray et al., 2012). Self processing is 

often the prime or anchor on which we base social judgments of other persons (Tamir & Mitchell, 2010, 

2012). Consequently, in order to identify neural representation of the self in terms of personality traits, we 

apply a technique that not only excludes other self-related aspects, such as prerequisite processes that 

provide input to self-reflections (e.g. body movement or behaviors) and post processes that reflect their 

output (e.g. emotions or appraisals), but also isolates these self-representations from other-related processes 
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during self-reflection. This technique is functional magnetic resonance imaging (fMRI) repetition 

suppression. It involves the repeated representation of a critical stimulus – here the self as involved in 

ongoing social behavior implying a trait which leads to suppression of brain activation. Of the myriad of 

neural processes in various brain areas that may be recruited when providing repeated descriptions of self-

related behaviors, this technique predicts that only areas that encode information about the repeated aspect of 

the self will show a decrease of activation, while all other areas involved in other or peripheral self 

processing will not. Repetition suppression is based on the assumption that the neural population 

representing a key stimulus will decrease in activation when the same stimulus is processed twice compared 

to a new or variable aspects of the stimulus (Grill-Spector, Henson, & Martin, 2006). Although several 

explanations exist for suppression effects (Gotts, Chow, & Martin, 2012), this decrease is generally 

interpreted as a gain in processing efficiency whereby the activated representation of the stimulus facilitates 

the repeated processing of the stimulus. This view is conform predictive coding (Friston, 2005; Gotts, Chow, 

& Martin, 2012; Grill-Spector, Henson, & Martin, 2006) and connectionist models of neural functioning 

(McClelland & Rumelhart, 1988) that have also been applied to social cognition (Van Overwalle & 

Labiouse, 2004; Van Rooy, Van Overwalle, Vanhoomissen, Labiouse, & French, 2003; for a review, Van 

Overwalle, 2007) since suppression can be seen as a decrease in prediction error to the same stimulus in a 

memory code. 

Social neuroscientists already applied this repetition suppression method to demonstrated the 

presence of a wide range of representations for higher-order social information such as personality traits 

(Ma, Baetens, Vandekerckhove, Kestemont, et al., 2014; Ma, Baetens, Vandekerckhove, Van der Cruyssen, 

& Van Overwalle, 2014), social categories (Van der Cruyssen, Heleven, Ma, Vandekerckhove, & Van 

Overwalle, 2015), social events (Szpunar, St Jacques, Robbins, Wig, & Schacter, 2014; van Mulukom, 

Schacter, Corballis, & Addis, 2013) and close and distant others (Heleven, Boukhlal, & Van Overwalle, 

2018; Heleven & Van Overwalle, 2016, 2018; Szpunar et al., 2014). The suppression effect in these studies 

located these higher-order representations involving persons and their characteristics in an area in the ventral 

medial prefrontal cortex (vmPFC), more in particular the pregenual cingulate cortex (e.g. Beckmann, 
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Johansen-Berg, & Rushworth, 2009; Jenkins, Macrae, & Mitchell, 2008; Northoff & Bermpohl, 2004). The 

vmPFC is part of the mentalizing network and is involved in a variety of tasks including trait attribution, 

strategic games and false belief tasks (Schurz, Radua, Aichhorn, Richlan, & Perner, 2014). It is recognized 

as a hub where lower-level information (e.g., observed behavior or interoceptive signals) is integrated with 

higher-level information such as prior knowledge about person characteristics (e.g. personality traits or self-

relevance) or attributed mental states (e.g. intentions or values), which allows us to apprehend our 

environment and respond appropriately (Baetens, Ma, Steen, & Van Overwalle, 2014; Forbes & Grafman, 

2010; Roy, Shohamy, & Wager, 2012). Taken together, repetition suppression is a neural marker of  

“summary representations” (Krueger, Barbey, & Grafman, 2009) that integrate knowledge about social 

agents and their psychological characteristics. Repetition suppression identifies the repeated psychological 

characteristics of these summary representations, devoid of activations related to variable peripheral input or 

output processing of these representations. 

To our knowledge, the first study exploring the neural representation of the self by applying fMRI 

suppression was conducted by Jenkins, Macrae, and Mitchell (2008). Participants read two statements 

reflecting personal opinions, and had to indicate how strongly they or an unfamiliar other would agree with 

each statement. The other person was similar or different to the self (based on the similarity of political 

attitudes). When judging the same personal opinion, the authors found significant repetition suppression in 

the vmPFC when participants reflected twice about the self, and an equal amount of repetition when the self 

judgement was preceded by a judgement on a similar other. There was no suppression when self judgment 

was preceded by a judgment on a dissimilar other. This study suggests that a self-representation is located in 

the vmPFC and that reflecting on similar others facilitates subsequent processing of self information.  

The current study further explored the neural representation of the self, focusing on the self in terms 

of personality traits. We did not only examine where a self-representation exist in the brain, but also whether 

there is mutual influence of information processing between the self and close others, such as family or 

friends (i.e. whether this self-representation can be fullyis isolated from other processing). Just as similar 

others who hold similar political attitudes (cf., Jenkins et al.,  (2008)), close others are meaningful, if not the 
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most important people in our life with whom we share many values and life interests that may become part 

of our (neural) self-representation. This makes it plausible that close others and the self, influence each other 

to such a degree that this resulted in a common neural representation.  

In order to test these ideas, we let participants perform a repetition task in which they inferred the 

implied trait based on imagined social actions as described by behavioral descriptions, consecutively 

performed by two agents: (1) the self twice, (2) the self followed by a close other, (3) the close other 

followed by the self (i.e., reverse order), and (4) two different close others (i.e., no-repetition control 

condition). As in Jenkins et al. (2008), we expected to identify a neural representation of the self 'in the 

vmPFC by revealing a suppression effect upon repeated self-descriptions implying a personality trait. 

Moreover, to the extent that self and close others share a neural representation in terms of their implied 

personality, we further hypothesized to observe  a (weaker) suppression effect when self and other trait-

implying behavioral descriptions are processed in succession. We did not expect such suppression effects in 

the control condition when different others are processed. All behavioral descriptions strongly implied the 

described trait. We chose for these descriptions instead of mere passive reading of trait words in order to 

actively induce trait attributions and recognition, and to control for how the person performing the described 

behavior is imagined by the participant in terms of the trait. Importantly, this also avoids suppression effects 

due to the mere repetition of the same trait word, and instead demonstrates suppression due to the implied 

trait.   

A prior suppression study on vmPFC representations of close others demonstrated that these social 

representations are related to a person’s social network size (Heleven & Van Overwalle, 2016). Earlier 

studies also demonstrated a relationship between one’s social network and the volume or activity of mPFC 

areas related to person processing, or more generally to mentalizing (Lewis et al., 2011; Powell, Lewis, 

Roberts, García-Fiñana, & Dunbar, 2012). The finding that the amount of social contacts is linked to social 

representations in the brain, was derived from the social brain hypothesis (Robin I.M. Dunbar, 1992). This 

hypothesis states that the growth of the neocortex of monkeys, apes and hominids during the evolution is 

caused by the increasing mental demands imposed by the social complexities involved by the larger groups 
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these species lived in (e.g. Dunbar & Shultz, 2007; Gamble, Gowlett, & Dunbar, 2011). Based on this 

hypothesis, we reasoned that the more people one knows through one’s social network, the more varied and 

nuanced one’s interpretation of personality becomes, including the self. We therefore expected a robust 

relationship between social network size, not only for other representations, but also for self representations. 

Method  

Participants 

The number of participants in the analysis was 25. They were right handed, native Dutch speaking 

individuals (11 men) with ages varying from 19 to 36 years (M = 23.01). All participants reported no 

abnormal neurological history and had normal or corrected-to-normal vision. We excluded one additional 

participant due to excessive head movements (more than 10% outlier scans, see below). Informed consent 

was obtained in a manner approved by the Medical Ethics Committee at the Hospitals of the Free University 

Brussels (of the primary investigator, FVO) and of University of Ghent, where the study was conducted. 

Participants were paid 20 euro in exchange for their participation. 

Stimulus Material  

The stimulus material was borrowed from prior studies (Heleven & Van Overwalle, 2016; Ma, 

Baetens, Vandekerckhove, Kestemont, et al., 2014; Ma, Baetens, Vandekerckhove, Van der Cruyssen, et al., 

2014; Van der Cruyssen et al., 2015) and consisted of sentences describing a person performing a behavior 

that implied a moral trait (nice, friendly, trustworthy, honest, generous, and their opposites). In these 

previous studies, sentences were pilot tested by rating the applicability and valence of the implied traits 

using 7-point scales (with respective anchors: 1 = not applicable at all and 7 = very applicable; 1 = very 

negative and 7 = very positive). Sentences with extreme trait applicability (< 3 or > 5) and valence ratings (< 

3 or > 5) were retained for these experiments. Sentences varied between 4 to 7 words. Words in sentences 

regarding the same trait sporadically had a similar meaning, but we avoided the same words in different 

sentences. For the present experiment, the agents in the behavioral descriptions were either the participant (I) 

or one out of ten names (or nicknames) provided by the participants, of persons they were very close to (e.g. 
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family members or friends).   

Procedure 

Participants read the behavioral sentences and were instructed to visualize the person or themselves 

performing the behavior and to infer the implied trait. To remind participants of the task, each trial started by 

the word ”Trait” in the middle of the screen during 2 seconds. After this, two sentences which implied the 

same trait, were presented. The agents varied, depending on the condition. 

We created five conditions (see Table 1). In the Repeated Self condition, the agents in two 

consecutive sentences were the participant (e.g., “I smile to the conductor”). In the Self / Other condition, 

the first agent was the participant (e.g., “I smile tot the conductor”) but the second a close other (e.g. 

“Mother compliments her on her dress”). This was reversed in the Other / Self condition. In the Different 

Other condition both agents were two different close others. We added a singleton condition in which only 

one sentence was presented, to avoid that participants would ignore the first sentence of each pair because a 

question could follow after the first sentence also. In this last condition the agent was the self in half of the 

trials and a close other in the other half.  

There were 20 trials in each condition. In order to avoid any effects due to differences in word 

number, grammar or semantic aspects, we counterbalanced all sentences between conditions and 

participants, thus presenting one of five versions of the material to each participant. All trials were presented 

in a random order across conditions. Each trial in our event-related design proceeded as indicated in Figure 

1. Sentences were presented in the middle of the screen during 5.5 seconds. Prime and target sentences were 

preceded by a jittered interstimulus interval, varying from 2.5 to 4.5 seconds randomly drawn from a 

uniform distribution, during which participants viewed passively a fixation crosshair. After reading the 

target sentence the implied trait (i.e., by plot testing) or its opposite was presented on the screen. Participants 

were asked to rate in half of the cases how applicable the implied trait was to the person in the target 

sentence (i.e. self or close other), and in the other half how applicable the opposite trait was, using one of 

four response buttons: 1 = never 2 = sometimes, 3 = often, and 4 = always.  

After participants left the scanner, we measured their social network size, using the Social Network 
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Questionnaire designed by Lewis et al. (2011). Participants were requested to list the initials of everyone 

with whom they had social contact (a) during the last 7 days and (b) during the last month (i.e. approx. 30 

days). Contact was defined as some form of interaction, including face-to-face, phone call, email or text-

messaging, or a letter. People that were contacted for professional reasons (e.g. doctor, lawyer, hairdresser, 

priest, plumber, employer or supervisor etc.) were excluded, unless this interaction was mainly considered of 

a social nature at the time. Participants could look up a list of names in their phone/address book, and 

indicated the gender of each contact. 

Imaging Procedure 

Images were collected with a Siemens Magnetom Trio TIM scanner system (Siemens Medical 

Systems, Erlangen, Germany) using a 32-channel radiofrequency head coil. Stimuli were projected onto a 

screen at the end of the magnet bore that participants viewed by way of a mirror mounted on the head coil. 

Stimulus presentation was controlled by E-Prime 2.0 (www.pstnet.com/eprime; Psychology Software Tools) 

running under Windows XP. Participants were placed head first and supine in the scanner bore.  They were 

instructed not to move their heads to avoid motion artifacts. Foam cushions were placed within the head coil 

to minimize head movements. First, a high-resolution anatomical images were acquired using a T1-weighted 

3D MPRAGE sequence [TR = 2530 ms, TE = 2.58 ms, TI = 1100 ms, acquisition matrix = 256 × 256 × 176, 

sagittal FOV = 220 mm, flip angle = 7, voxel size = 0.9 × 0.86 × 0.86 mm3 (resized to 1 × 1 × 1 mm)]. 

Second, whole brain functional images were collected in a single run using a T2*-weighted gradient echo 

sequence, sensitive to BOLD contrast (TR = 2000 ms, TE = 35 ms, image matrix = 64 × 64, 

FOV = 224 mm, flip angle = 80º, slice thickness = 3.0 mm, distance factor = 17%, voxel 

size = 3.5 × 3.5 × 4.0 mm [resized to 2 x 2 x 2 mm], 30 axial slices). 

Image Processing  

The fMRI data were preprocessed and analyzed using SPM8 (Wellcome Department of Cognitive 

Neurology, London, UK). Data were preprocessed to remove sources of noise and artifact. Functional data 

were corrected for differences in acquisition time between slices for each whole-brain volume, realigned to 

correct for head movement, and co-registered with each participant’s anatomical data. The functional data 
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were then transformed into a standard anatomical space (2 mm isotropic voxels) based on the ICBM152 

brain template (Montreal Neurological Institute). Normalized data were then spatially smoothed (6 mm full-

width at half-maximum, FWHM) using a Gaussian Kernel. Finally, the preprocessed data were examined 

using the Artifact Detection Tool software package (ART; http://web.mit.edu/swg/art/art.pdf; 

http://www.nitrc.org/projects/artifact_detect), for excessive motion artifacts and for correlations between 

motion and experimental design, and between global mean signal and experimental design. Outliers were 

identified in the temporal differences series by assessing between-scan differences (Z-threshold: 3.0 mm, 

scan to scan movement threshold: 0.5 mm; rotation threshold: 0.02 radians). These outliers were omitted in 

the analysis by including a single regressor for each outlier. No correlations between motion and 

experimental design or global signal and experimental design were identified. We used a default high-pass 

filter of 128s and serial correlations were accounted for by the default auto-regressive AR(1) model. 

Statistical Analysis 

Behavioral data. We analyzed the responses and response times (RTs) on the trait question. We 

excluded outliers beyond 2.5 standard deviations from the mean of each condition. We performed a repeated 

measures analysis of variance (ANOVA) with Condition as within-participant factor on the mean responses 

and RTs separately. Given that the trait question referred to the applicability of the traits for the self or a 

close other, accuracy of the responses could not be determined. 

Imaging data. Analyses of the fMRI data at the first (single participant) level were conducted using 

the general linear model of SPM8 (Wellcome Department of Cognitive Neurology, London, UK) of which 

the event-related design was modeled with two regressors for each condition (and one regressor for the 

singleton condition, resulting in 9 regressors), time-locked at the presentation of the prime and target 

sentences and convolved with a canonical hemodynamic response function with event duration set to 0 for 

all conditions. Six directions of motion parameters from the realignment step as well as outlier time points 

(defined by ART) were included as nuisance regressors. We did not model the response of the participants as 

a separate regressor. 

At the second (group) level, all whole-brain analyses were first thresholded voxel-wise at p < .001, 
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uncorrected with a minimum cluster extent of 10 voxels, and further cluster-wise Family Wise Error (FWE) 

corrected at p < .05. [DAT IS WAT IN DE TABELLEN STAAT --- KIJK GOED NA OF DAT KLOPT] 

Next, specific comparisons between conditions were performed on the parameter estimates associated with 

each trial type for each participant, using simple t-tests which were Family Wise Error (FWE) corrected at 

cluster level with p < .05. We made several comparisons of interest. We first compared prime sentences in 

order to test whether their activation was sufficiently similar across all conditions so that we could safely 

compare suppression effects in the next stepsrepetitions  across all conditions. Next, iIn order to investigate 

suppression decreased from primes to targets, we calculated prime > target contrasts in each condition in 

particular (i.e. simple repetition suppression effect), we contrasted prime and target sentences in all 

conditions. We further specified then computed repetition suppression effects as interactions with the prime 

> target contrast, reflecting our hypotheses that conditions with more repetition will demonstrate more 

suppression as compared to no repetition conditions. Specifically, we defined interaction contrasts reflecting 

the assumption that the repetition suppression (prime > target) contrast would be significantly stronger for 

the Repeated Self condition than any repetition of Other and Self (see Table 3 for the specific contrast 

weights). Note that these interactions involve typical self > other contrasts in self research, both for primes 

(Repeated Self > Other / Self) and targets (Repeated Self > Self / Other). To explore whether the brain areas 

identified are not involved in the complementary process of repetition enhancement which refers to an 

increase of activation from prime to target, we defined the reverse, target > prime contrast for all 

experimental conditions and their interactions (see Table 4 for the contrasts).  

To further verify whether the brain areas identified in the interaction analysis showed the predicted 

repetition suppression pattern and were not the result of unpredicted significant conditional differences (e.g., 

due to differences between prime rather than target sentences), we computed the percentage signal change in 

a standard manner as used in earlier research on repetition suppression of traits and persons (e.g. Heleven, 

Boukhlal, & Van Overwalle, 2017; Ma, Wang, Yang, Feng, & Van Overwalle, 2016). For this, we identified 

regions of interest (ROI) as a sphere of 3 mm around all (sub)peak coordinates of the interaction contrasts. 

Although analyses on parameter estimates extracted from significant clusters cannot be considered as 
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independent from the whole-brain analyses (Kriegeskorte et al., 2007), they were conducted to 

characterize interactive effects, elucidating the neural effects per condition in order to reveal non-

hypothesized significant conditional differences (i.e. differences in prime activation). We extracted the 

percentage signal change in these ROIs for each participant using the MarsBar toolbox 

(http://marsbar.sourceforge.net). We then calculated repetition indexes for each condition, defined as the 

percentage signal change of target minus prime sentences for each condition. We looked for differences 

between these indexes using t-tests with a threshold of p < 0.05, one-sided. Note that this analysis for fMRI 

repetition designs does not involve an inadmissible hunt for the most significant voxel, because the ROIs 

were in fact limited to those clusters that already showed up to be significant in the regular whole-brain 

contrast analyses. On the contrary, this procedure further reduces the significant whole-brain clusters to 

those that show the predicted suppression pattern with respect to primes and targets across conditions. 

However, such ROI analysis extracted from significant clusters cannot be considered as independent from 

the whole-brain analyses and may lead in some cases to biases (Kriegeskorte et al., 2007). Specifically, 

given that the ROIs were limited to significant clusters in the whole brain analysis, the bias that might result 

from this procedure is a negative one, that is, we excluded perhaps too many clusters: not only those that did 

not confirm to our hypothesis, but also some clusters that turned non-significant by the manner in which we 

selected our ROIs (see also Kriegeskorte et al., 2009). However, we preferred to err on the side of caution 

(also given that this negative bias might actually be very small) rather than take the certain risk of reporting 

clusters that are obviously not conforming to the hypothesis. 

Results 

Although we did not make predictions at the behavioral level, we analyzed participants’ responses 

and RTs on the trait question. For the analysis of repetition suppression on the fMRI data, we first conducted 

a whole-brain random effects analysis contrasting prime and target trials in all conditions, and then 

conducted whole brain interaction analyses. These analyses were followed by signal change analyses to 

verify whether the predicted repetition suppression pattern was present.  
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Behavioral Results 

Table 2 reports the mean responses and RTs on the trait question. Data of one participant deviating 

more than 2.5 standard deviations from the mean were excluded from the behavioral analyses. The ANOVA 

revealed a significant effect of condition on the trait applicability ratings, F(4, 23) = 2.77, p < .05, η2 = .108, 

as well as on the RTs, F(4, 23) = 5.25, p < .01, η2 = .186. Simple paired t-tests showed significantly higher 

applicability ratings and faster responses on the trait question in the Repeated Self condition compared to all 

other conditions, except the Other / Self condition which did not differ on the ratings, and the Self / Other 

condition which did not differ on the response times. This may suggest that priming the self resulted in the 

highest and fastest endorsed ratings.  

 

Whole Brain Analysis 

The whole brain analyses comparing prime sentences, showed lower activation for primes involving 

the self as opposed to others in many brain areas. This pattern is unsurprising because in this experiment, 

most descriptions involved the (identical) self as agent while the other persons refer to varying individuals. 

The self was thus processed much more often than any specific other person, so that a general suppression 

effect ensued for the self throughout the whole experiment. However, against this general trend, this whole-

brain analysis on primes revealed no difference between self and other primes in the vmPFC. Hence, we 

could safely compare repetitions for this area across all conditions.  

The whole-brain random effects analyses of the prime > target repetition suppression contrast 

revealed a significant decrease from prime to target processing, or a repetition suppression effect, in the 

vmPFC for all conditions except the Self / Other condition (Table 3). Next, we computed repetition 

suppression interactions in order to test whether repetition suppression was stronger for the self than for any 

combination with a close other. These interactions revealed suppression in the vmPFC for the Repeated Self 

> Self / Other interaction, and for the Repeated Self > Other / Self interaction. This latter interaction also 

revealed suppression in the Precuneus (Table 3). 

For enhancement, the reverse target > prime contrast or interaction contrasts only showed repetition 
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enhancement effects in regions outside the vmPFC and precuneus that showed no suppression effects (Table 

4). 

Percent Signal Change Analysis 

We computed the percent signal change in ROIs centered on all peak coordinates of the repetition 

interactions to verify whether the expected suppression pattern was present and to avoid false positives, that 

is, to exclude interactions that showed patterns that were unrelated to suppression (e.g., due to differences 

between primes). We calculated a suppression index by subtracting the percent signal changes in the prime 

sentence from those in the target sentence for every condition and every ROI separately. Figure 2 shows a 

ROI in the vmPFC in which all primes were activated to a similar degree, and more importantly, with clear 

repetition suppression for the Repeated Self and Other / Self conditions. Simple t-tests on the suppression 

indices revealed no difference between these two conditions, which however showed suppression that was 

significantly (p < 0.05, one-sided) or marginally (p = 0.06, one-sided) stronger than the other two conditions.  

Correlation with Social Network Size  

We investigated the relationship between the percent signal change of target sentences and the 

number of reported social contacts. One outlier was removed from the analysis (social contacts reported > 3 

standard deviations from the mean). The mean number of reported social contacts was 24.63 (SD = 8.39) for 

the last week and 43.46 (SD = 15.73) for the last month. The vmPFC showed a significant correlation 

between the size of one’s social network measured during the last month and percent signal change in the 

Repeated Self condition for the self target (r = 0.60, p < .01 two-sided; Figure 3), which remained significant 

after controlling for the self prime (in the suppression index: r = 0.40, p < .05 two-sided). Although the 

correlation was also significant for the target of the two conditions involving the self and other (r = 0.42 – 

0.44, p < .05 two-sided), it became non-significant after controlling for the prime in the suppression index. 

As in previous studies, there was no relation between percent signal change and reported social contacts 

within the last week, which was attributed to the more robust and reliable character of a measurement over a 

longer time period (Heleven & Van Overwalle, 2016, 2018). Researchers assumed that this was due to the 
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more robust character of a measurement over a longer time period (Heleven & Van Overwalle, 2016). For 

exploratory reasons, we also investigated the correlation between percent signal change and participants’ 

mean responses and RTs on the target sentences for each condition, but this did not reveal any significant 

results. 

Discussion 

The current study examined the neural representation of the psychological self, as reflected by  in 

terms of personality traits, using repetition suppression. This technique allows to identify and localize the 

neural representation of the self in isolation from neural processes related to other persons or peripheral 

processes that provide input to or output from self processing. Additionally, we explored whether self-

representations are influenced by processing of close others. More specifically, we investigated 

representations which are activated by imagined social actions of oneself or close others when processing 

trait-implying descriptions of the self or a close other. As predicted, we found robust repetition suppression 

of the self in the same pregenual anterior cingulate area of the vmPFC as an earlier study by Jenkins et al. 

(2008). In addition, we found repetition suppression when self-reflections were preceded by judgments of 

close others but not in the reversed order. This replicates and extends earlier findings by Jenkins et al. (2008) 

who found analogous suppression effects when self-reflections were preceded by judgments on similar, but 

unknown others. 

What do these neural self-representations include? We interpret our suppression effect as identifying 

abstract summary representations in which trait information about the person (i.e. in this study the self) is 

integrated in a knowledge structure reflecting one’s personality. Not only was this self-representation located 

in the same pregenual area of the vmPFC as in the research on similar others by Jenkins et al. (2008), but 

also in research on representations of close others (Heleven & Van Overwalle, 2016) and unfamilar others 

(Heleven et al., 2018). This seems to suggest that this area selectively encodes and represents information on 

social agents (e.g. familiar or unfamiliar others) including the self, and their characteristics. Moreover, the 

suppression effect from other to self processing implies that the representations for other and self these 

social agents overlap. Although this study focused on traits, past research suggested several additional 
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features of the self and close others as important aspects triggering mPFC activation in general, including its 

ventral part, such as personal significance, subjective value, similarity, autobiographical memories etc. 

(Chavez & Heatherton, 2015; D’Argembeau, 2013; Kim & Johnson, 2014; Lin, Horner, & Burgess, 2016). It 

is thus possible that not so much the traits themselves, but some important aspect of them triggers the 

vmPFC and is perhaps responsible for the suppression effects observed in the present study, and those of 

Jenkins et al. (2008) and Heleven and colleagues (2016, 2017). A recent study revealed that other person 

suppression effects do not depend on the knowledge we have about others (Heleven & Van Overwalle, 

2018). Future studies should investigate which additional aspects of one’s personality may be critical in 

recruiting the vmPFC, and in the representation of the self or another person. Note that future studies should 

keep in mind that different aspects of persons and their characteristics might result in suppression effects in 

other parts of the brain, and thus reveal representations in other areas as well. For example, the superior 

anterior temporal cortex is known to be involved in context-independent processing of social concepts (Zahn 

et al., 2007). We believe that our question ‘Where is the self, in terms of personality traits, represented’ can 

contribute to the question ‘How is the self represented in the brain’. It would be interesting if we can 

distinguish a network of representations for different aspects of the self in the brain using repetition 

suppression (instead of looking at mere activation). Future studies can, for example, investigate suppression 

effects for aspects of the self that are considered as prerequisite processes in the current study (i.e. facial 

expressions, body movement, specific behaviors, etc.). 

Although studies investigating representations in the vmPFC focused on social information 

processing, we do not claim that representations in this area are limited to social information. Since abstract 

social and non-social information processing elicits vmPFC activation (Baetens, Ma, & Van Overwalle, 

2017), it is plausible that this area also represents other types of information. Future studies should further 

explore this possibility. 

An interesting finding of our study was that we also observed repetition suppression in the vmPFC 

when close other information preceded self processing, but not the other way round, implying a 

unidirectional other-self influence of overlapping representations during processing. This other-self 
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suppression effect was also observed by Jenkins et al. (2008) for similar but unfamiliar others. Assuming 

that we often perceive close others as very similar to ourselves in terms of genetic make-up (family) and 

attitudes (friends), the present result nicely extends the earlier finding by Jenkins et al. (2008) on similar 

others. In both studies, however, specific similarity or closeness levels were not taken into account while 

both factors are often linked to self-other processing overlap (Krienen, Tu, & Buckner, 2010; Murray et al., 

2012; Wagner et al., 2012). Although one could argue that the lack of control of other-closeness is a 

limitation of the current study and may have led to the inclusion of close others that are less intimate, it 

suggests that the observed self-other influence is not limited to the closest other(s). Future studies should 

investigate whether self priming by others varies depending on the others’ levels of closeness or similarity to 

the self.   

However, the question remains why this effect is unidirectional? According to Jenkins et al. (2008), 

facilitation in self processing when preceded by other information is due to the tendency to automatically 

refer to one’s own mental state when considering those of a similar other, and to use the self as anchor to 

judge others. However, this explanation does not fully explain why the reverse order does not result in 

repetition suppression. If the other automatically triggers the self, then we could expect the same level of 

suppression regardless of the order in which self and other are judged. This was not tested by Jenkins et al. 

(2008), because their study only investigated the other / self order. We believe that we can understand this 

unidirectional influence of other processing on the self as a result of an asymmetric similarity conform to 

Tversky's (1977) theory about similarity. Consider the self and close other representations as summary 

knowledge structures of a set of features (e.g. trait characteristics) where self and close others share similar 

features (e.g., genetic make-up or self-selected attitudes). Tversky (1977) argued that when two entities have 

common features, their perceived similarity depends on the salience or volume of our knowledge about 

them. Since we have more knowledge about the self, our knowledge of specific features for the self will be 

larger compared to those for others. According to Tversky, the entity to which we attribute a smaller set of 

features (e.g., the other), is more often considered as similar to the entity to which we attribute a larger set of 

features (e.g., the self) but not the other way round. For example, Belgium is seen as more similar to Europe, 
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than Europe to Belgium. Intuitively, this is because we can easily imagine the smaller Belgium to be a part 

of the larger Europe, but it is more difficult to imagine the larger Europe as part of Belgium. Likewise, it is 

easier to imagine a close other to be similar to oneself, but it is more difficult to see the larger and more 

varied self as similar to and fitting within a specific other person. In the current study, the asymmetric 

suppression effects in self and other processing most likely result from this asymmetry in perceived 

similarity.  

One way to investigate this asymmetric relation in future research is to look for individual 

differences in repetition suppression from close other to self-processing and vice versa, depending on 

individual differences in reported self versus other distinction. Tversky's (1977) asymmetric similarity view 

would predict more pronounced suppression effects in both directions when self-other distinctions are 

smaller, and perceived similarity becomes larger. There is already some supporting evidence for this 

suggestion from research, demonstrating an overlap in activation for both self and mother depending on 

differences in self-mother distinctions (Chen, Wagner, Kelley, & Heatherton, 2015). Representations were, 

however, not examined in that study. 

Looking at the activation patterns (Figure 2) another interpretation of the results might be that 

suppression of the vmPFC is specific to the self as target, regardless of the prime. The Repeated Self and 

Other/Self conditions share the self as target and show the most suppression, while the Different Other and 

Self/Other condition share the other as target and show the least suppression. This would suggest a main 

effect of target (self vs. other) regardless of prime. However, this explanation is not very likely. The 

Singleton condition consists of self and other as targets to an equal amount, but shows the same level of 

suppression when only the other is the target (i.e., Different Other and Self/Other conditions). 

Our results showed a robust correlation between participants’ social network size and self repetition 

suppression in the vmPFC. Especially when the self was processed for the second time as target, suppressed 

activation was related to a smaller social network while less suppressed activation was related to a larger 

social network. This result implies less robust self representations when participants have a larger social 

network. It is possible that persons with more varying social contacts as reflected in a larger social network 
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have a more flexible and less distinct self-representation which makes it easier for them to adapt to different 

social situations. Taking the perspective of others more often might blur somewhat the distinction between 

self and others (Ames, Jenkins, Banaji, & Mitchell, 2008), explaining the relation in the current study. 

Future studies can investigate whether indeed increased experience and training of mentalizing capacity or 

perspective taking for others influences suppression effects during self processing. .  

We noted earlier that perhaps not so much traits themselves, but some aspects related to the self (e.g., 

personal significance, subjective value) may trigger repetition suppression. Apart from such self 

characteristics other than traits themselves, it is possible that suppression in our study might result from 

other confounding methodological features in the design. One of such features might be the semantic 

similarities between the sentences. However, this is unlikely because (a) the trait themselves were not 

presented, but had to be inferred from the behavioral descriptions, and (b) the target persons in the sentences 

revealed different levels of suppression depending on the repetition conditions (i.e., different primes). 

Another possibility is that suppression reflects the repetition of the same underlying process, for example an 

attentional process. Again this is unlikely, because if this was the case, we would expect the same 

suppression level across all conditions.  

In this discussion we did not focus on the behavioral results. For fMRI studies, RTs are difficult to 

interpret since the tempo of responses in the scanner is much slower compared to regular behavioral 

experiments because of the necessity to add jittering between trials of the prime and target conditions. 

Regarding trait applicability, it is apparent that participants reported traits to be more applicable to the self 

than to close others. We did not expect this since we never observed differences in applicability of traits to 

specific persons in previous studies, although n. Note however, that this is the first study in which we 

investigate self-processing. We performed post-hoc whole-brain (and percentage signal change) analyses in 

which we excluded trials for which participants reported low applicability ratings. This analysis led to 

similar results. Future studies should further explore trait applicability to specific persons and its relation to 

neural representations. For example, van Schie et al. (2018), already revealed that activation in the vmPFC 

and other regions upon self-applicable feedback depends on a persons’ self-esteem. Finally, with respect to 
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trait valance, Ma et al. (2014) revealed that opposing traits (e.g. friendly-unfriendly) share the same 

representation. Therefore we did not distinguish between positive and negative traits. We thus cannot 

investigate the link between trait representation and valence in the current study. 

Conclusion 

The current study demonstrates the presence of a neural representation of the psychological self in 

terms of personality traits in the vmPFC. This was shown by robust repetition suppression for repeated self- 

related trait processing about personality traits, which was stronger than when this type of self-related trait 

information preceded close other trait information or when trait information regarding different close others 

were repeatedwas processed consecutively. In addition, close other trait information also strongly suppressed 

self-related trait processing (but not the other way around), presumably as a result of an asymmetrical 

perception of similarity between close others and the self, where others are perceived as more similar to the 

self and so facilitate self-related trait processing. 
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Table 1: Schematic representation of the design.  

Agent Example  

Prime Target Prime Sentence Target Sentence 

Self Self [I] keep my promise [I] tell her the truth 

Self Other [I] keep my promise [Mother] tells her the truth 

Other Self [Mother] keeps her promise [I] tell her the truth 

Other Other [Friend] keeps her promise [Mother] tells her the truth 

Singleton 

 

---- [I/Mother/Friend] tell(s) her the truth 

Two consecutive sentences always imply the same moral trait (nice, friendly, trustworthy, honest, 

generous, or their opposites)  
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Table 2. Means and standard deviations (between parentheses) for Response and 

Response Times in function of condition.  
  

Condition Response    RT (msec)    

Repeated Self 2.51 (0.24) a  2535 (794) a  

Self / Other 2.43 (0.17) b  2589 (718) ab  

Other / Self 2.44 (0.23) ab  2795 (810) c  

Different Other 2.41 (0.22) b  2776 (763) c  

Singleton 2.37 (0.11) b  2734 (700) bc  
 

Note: Cell entries sharing a subscript do not differ significantly (using two-sided paired 

t-tests with p < .05). 
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Table 3: Repetition Suppression (Prime > Target contrast) effects from the whole brain 

analysis 

  Anatomical Label BA x y z Voxels Max t Peak 

         

Prime > Target   
      

   Repeated Self 

 vmPFC 24 -6 34 2 695 4.37  

 vmPFC 32 6 42 -2  4.33  

 vmPFC 32 -10 46 2  4.28  

         

   Self / Other 

   No suprathreshold clusters 

         

   Other / Self 

 vmPFC 11 6 46 -14 1793 5.47 ** 

 vmPFC 10 0 58 -6  5.18 * 

 vmPFC 11 4 34 -14  5.17 * 

 Posterior cingulate gyrus 23 6 -52 26 947 5.85 *** 

 Cingulate gyrus 31 -4 -54 28  4.90 * 

 Posterior cingulate gyrus 31 -8 -54 20  4.72  

         

   Different Other 

 vmPFC 32 2 50 -2 269 3.96  

 vmPFC 32 -10 46 0  3.68  

 vmPFC 10 0 62 10  3.40  

                 

         

Self suppression: Interaction of Prime > Target for Self Repetition > No self Repetition 

 
        

 
  Repeated Self > Self / Other 

 
  [1 -3 1 1 0 0 0 0] 

 
vmPFC 24 -6 34 2 359 S 4.62  

 
vmPFC 11 2 40 -16  S 4.00  

 vmPFC 32 2 40 -2  3.79  

 
        

 
  Repeated Self > Other / Self 

 
  [1 -3 0 0 1 1 0 0] 

 
vmPFC 11 2 40 -16 778 S 5.48 ** 

 
vmPFC 10 -2 56 -6  S 5.06 * 

 vmPFC 32 -10 46 0  3.87  

 Precuneus 31 2 -58 30 749 4.93 * 

 Precuneus 31 -12 -58 26  4.66  

 Posterior cingulate gyrus 29 12 -50 18  3.47  
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Note: Whole-brain analysis thresholded at p < 0.001 uncorrected, with a voxel extent of ≥ 10, 

and with a cluster-corrected FWE threshold of p < 0.05 for all clusters listed. The contrast 

weights between straight parentheses refer to the prime and target for each condition 

respectively. The first pair of weights refers to (prime and target of the) Repeated Self, the 

second pair of weights refers to (prime and target of the) Self / Other, and likewise for the 

other pairs of weights for the Other / Self, and Different Other conditions, respectively. 

Coordinates refer to the MNI (Montreal Neurological Institute) stereotaxic space. BA = 

Brodmann area, vmPFC = ventromedial prefrontal cortex.  
S denotes cluster (sub)peaks that show a suppression pattern in the percent signal change 

analysis that is stronger for the Repeated Self than for the Self / Other or Different Other 

conditions (see also Figure 2). 

* p < 0.05, **p < 0.01, ***p < 0.001 (FWE peak corrected)  
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Table 4: Repetition Enhancement (Target > Prime contrast) from the whole brain analysis  

  Anatomical Label BA x y z Voxels Max t Peak 

          

Target > Prime  
      

   Repeated Self 

 R Inferior Frontal Gyrus 47 34 28 2 1898 4.88 * 

 L Superior Frontal Gyrus 6 -2 18 60 12570 6.42 *** 

 R Middle Frontal Gyrus 6 40 -6 66 209 4.29  

 R Precentral Gyrus 4 36 -24 58 516 4.14  

 R Superior Temporal Gyrus 41 44 -36 0 392 4.90 * 

 R Superior Parietal Lobule 7 30 -62 40 293 3.97  

 Cuneus 18 -6 -102 20 254 5.13 * 

         

   Self / Other 

 R Inferior Frontal Gyrus 47 40 28 -6 295 4.28  

 L Middle Frontal Gyrus 6 -40 0 64 21670 7.11 *** 

 R Superior Temporal Gyrus 22 46 -34 0 529 4.79 * 

 Precuneus 7 24 -62 48 628 4.82 * 

 Cuneus 17 16 -96 2 2413 4.77  

         

   Other / Self 

 No Gray Matter ---- -22 -6 34 9417 6.68 *** 

 R Superior Temporal Gyrus 41 52 -22 4 1219 5.40 ** 

 R Postcentral Gyrus 2 36 -30 36 3707 6.38 *** 

 Cuneus 18 -6 -98 16 418 5.47 ** 

 Cerebellum (Declive) ---- 24 -68 -28 403 4.41  

         

   Different Other 

 R Middle Frontal Gyrus 9 52 28 38 543 4.34  

 Superior Frontal Gyrus 8 -2 16 58 1521 6.15 *** 

 R Middle Frontal Gyrus 6 32 -2 62 482 4.60  

 No Gray matter --- -24 -8 36 8775 7.30 *** 

 No Gray matter --- -12 -18 84 328 5.14 * 

 No Gray matter --- 18 -28 82 239 4.23  

 Amygdala 31 26 -28 40 579 4.29  

 R Superior Parietal Lobule 7 28 -64 44 388 4.23  

 Cuneus 19 -6 -100 22 221 4.91 * 

 Cerebellum (Pyramis) ---- 6 -74 -32 254 4.32  

                 

          

Self enhancement Interaction of Target > Prime for Self repetition > No self repetition 

         

   Repeated Self > Self / Other 

   [-1 3 -1 -1 0 0 0 0] 
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 L Middle Frontal Gyrus 46 -52 22 30 3347 5.49 ** 

 Superior Frontal Gyrus 8 -2 20 54 949 5.60 ** 

 R Precentral Gyrus 4 34 -26 62 600 4.24  

 L Supramarginal Gyrus 40 -44 -40 38 722 6.23 *** 

 L Middle Temporal Gyrus 22 -60 -46 2 462 4.50  

         

   Repeated Self > Other / Self 

   [-1 3 0 0 -1 -1 0 0 ] 

 R Middle Frontal Gyrus 9 38 30 32 522 4.02  

 L Middle Frontal Gyrus 9 -50 28 36 2234 5.28 ** 

 Caudate 8 0 20 54 1021 5.43 ** 

 Insula 13 40 18 4 425 4.23  

 L Middle Frontal Gyrus 6 -40 -2 50 374 4.50  

 Caudate --- -20 -10 32 396 4.60  

 L Supramarginal Gyrus 40 -44 -40 38 1215 5.99 *** 

                  

          
Notes: Whole-brain analysis thresholded at p < 0.001, uncorrected with a voxel extent of ≥ 10, with a 

cluster-corrected FWE threshold of p < .05. Only coordinates of the highest peak in each cluster are 

reported. The contrast weights between straight parentheses refer to the prime and target for each condition 

respectively. The first pair of weights refers to (the prime and target of the) Repeated Self, the second pair 

of weights refers to the (prime and target of the) Self / Other, and likewise for the other pairs of weights for 

the Other / Self and Different Other conditions, respectively. Coordinates refer to the MNI (Montreal 

Neurological Institute) stereotaxic space. BA = Brodmann area, R = right and L = left. 

*p < 0.05, **p < 0.01, ***p < 0.001 (FWE peak corrected) 
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Figure 1: Schematic representation of a trial. Prime and target sentences always imply the same moral trait (nice, friendly, trustworthy, honest, generous, or 

their opposites). In the singleton condition, only a target sentence was presented. Response options and the trait applicability question were always presented 

together. 
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Figure 2: Percentage signal change in the ventral medial prefrontal cortex (vmPFC). The left side shows prime-target pairs and the singleton condition, the right 

side the suppression indices. The inset on the far right shows the cluster revealed in the whole-brain interaction analyses thresholded at p < .001, uncorrected, 

and peak (blue crosshairs) on which the ROI was centered and signal change was extracted. Repetition suppression indices show the highest suppression for the 

Repeated Self and for the Other / Self conditions which differ from the other two conditions that show the least suppression. The Repeated Self suppression is 

indicative of a neural representation of the self.  

° p = 0.06, * p < 0.05, **p < 0.01, *** p < 0.001 (one-sided). 
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Figure 3: Positive correlation between Social Network size and activation in the vmPFC during target sentence processing for the Repeated Self condition, 

suggesting that the self as target in this condition requires less processing effort when participants have a smaller compared to a larger social network. 

** p < .01 (two-sided) 

 


